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Editorial Preface

This special issue of Jordan Journal of Physics (JJP) presents 7 selected
papers of the second International Conference of Materials in Jordan.

These papers were subjected to standard refereeing of JJP.
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The International Conference on Materials in Jordan
Humboldt Kolleg
9-11 April 2011

Conference Preface

The 1% International Conference on Materials in Jordan (ICMJ) was held in Amman between 4-6 March 2009
following the successful "Materials Workshop" organized by the Jordanian Club of Humboldt Fellows (JCHF) at
Goethe Institute/Amman on 12.4.2008. The 2" Materials Int. Workshop (Humboldt Kolleg) took place in Amman
between 10-12 April 2010. Like other Kollegs, the 2nd Int Conf. on Materials in Jordan (Humboldt Kolleg) was held
between 9-11 April 2011 with the main co-hosting universities being the GJU and PSUT.

This ICMJ was mainly organized by the JCHF in addition to a large body of national organizers involved: Jordan
Atomic Energy Commission (JAEC), German-Jordanian University (GJU), Mu'tah University (MU), Yarmouk
University (YU), Jordan University of Science and Technology (JUST), Al al-Bayt University (AaBU), University of
Jordan (UJ), Hashemite University (HY). This participation reflects the interest and belief for the achievements to be
an outcome of these activities. As a product of this conference and workshops several of our Ph.D. students are
completing their studies abroad and scientists are enjoying joint research projects with Int. researchers.

The executive committee of the JCHF that organized the Conference consists of:
Prof. Dr Yaseen Al-Soud / Al al-Bayt University; Secretary General
Prof. Dr. Ahmad Al Ajlouni / JUST; Vice President
Prof. Dr. Marwan S. Mousa / Mu'tah University, President of JCHF

The leadership and guidance by HE Prof Dr. Khaled Toukan, Minister of Energy and Mineral Resources and
chairman of the conference, valuable assistance by the GJU, scientific guidance by Dr Nelli Wanderka from Berlin, full
support by HE the ambassador of Germany in Jordan Dr. Joachim Heidorn and the First Secretary and the Cultural
Attachee of the Embassy Mr Carsten Fischer were all valuable for the success of the conference.

Prof. Dr. Wajih M. Owais Minister of Higher Education and Scientific Research (MoHESR) gave great support to
the conference. The financial support by King Abdullah II for Development, Jordan Kuwait Bank, Jordan Ahli Bank,
Abdul Hameed Shoman Foundation in addition to the crucial financial support from the Alexander von Humboldt
Foundation in Germany enabled us to cover most of the financial expenses for the event. The conference co-hosting by
PSUT and the support extended by its president were important to achieve goals of the conference.

The conference was patronized and opened by HE Prof. Dr. Wajih M. Owais MoHESR. The sessions were held
at PSUT with attendance of 365 people. HE Prof. Dr. Khaled Toukan the chairman of the conference emphasized the
importance that the conf. aims to open avenues of cooperation between academic research institutions, industry,
scientific societies and governmental agencies.

Following the opening of the conference the Key Note Speaker Dr. Nelli Wanderka gave a scientific talk about the
joint scientific work between Germany and Jordan titled “Modification of Mo-Si alloy microstructure by small
additions of Zr”. This was followed by 11 sessions of talks and a poster session. The talks concentrated on modern
techniques by Americans, Germans and other participating scientists. Geopolymers session was very interesting in
addition to presentations on materials like Uranium, Zeolite, Kaoline, Zircon, Oil Shale, Potassium Chloride from the
Dead Sea, natural materials in German industry, nanowire arrays, electron sources development, limestone Ash Mortars
of castles in Jordan.

A full day of research on Pharmacy and Pharmaceutical materials was held with the Humboldtian Prof. Luay
Rashan organizing that highly exciting day with wide participation from scientists coming from several countries like
Jordan, Iraq, Czec, Germany, France Egypt, and Morocco.

The Jordanian National TV gave coverage of the opening, talks and Humboldt Kolleg. Most of the Jordanian
newspapers and Petra News Agency covered the conference with articles, pictures and interviews.

It was an honor to the kolleg by dedicating the Conference to Dr. Gisella Janetzke, ex-deputy Secretary General of
AvH Foundation after dedicated 30 years of service towards world friendship, cooperation and academic exchange. Dr



Janetzke gave a talk about the foundation and held a session with scientists to explain means and ways to apply for the
AvVH fellowships. A fruitful working meeting was held on April 10™ at the Marriot hotel Amman prior to the
conference banquet, discussed means of strengthening cooperation. The meeting was attended by Dr. Janteske, Ms.
Dine Hayat, Minister Prof. Wajih Owais, Minister Prof. Khaled Toukan, JCHF, DAAD, German Scientists, Germany
Embassy, Presidents and Vice Presidents of Jordanian Public Universities. Following the conference, visits were
arranged for delegations interested in joint collaborations with various Jordanian universities.

Prof. Dr. Marwan S. Mousa

Director of 2 ICMJ (Humboldt Kolleg)

President of the Jordanian Club of Humboldt Fellows
President of Jordanian Physics Society

Prof. of Materials

Dept. of Physics

Mu'tah University

Al-Karak, Jordan

email: mmousa@mutah.edu.jo, marwansmousa@yahoo.com
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The International Conference on Materials in Jordan
9-11 April 2011
Princess Sumaya University for Technology
Amman, Jordan

Conference Organizing Committee:

HE Prof. Dr. Khalid Toukan, Minister of Energy and Mineral Resources, Chairman of the Jordanian
Atomic Energy Commission (Chairman of the Conference)

Prof. Dr. Labib Khadra, President of German Jordanian University GJU (Co-Chairman of the
Conference).

Prof. Dr. Marwan S. Mousa, President of Jordanian Club of Humboldt Fellows (Director of the
Conference)

Dr. Nelia Wanderka, Helmholtz-Center Berlin for Materials and Energy

Conference Advisory Committee:

1-
2-
3-
4-
5-
6-
7.
8-

-

Prof. Dr. Sultan Abu Orabi, President of Yarmouk Univ. (YU) (Humboldt Fellow)

Prof. Dr. Abdelrahim Hunaiti, President of Mu’tah Univ. (MU) (Humboldt Fellow)

Prof. Dr. Nabil Shawagfeh, President of Al al Bayt Univ. (AABU)

Prof. Dr. Issa Batarseh, President of Princess Sumaya Univ. for Technology (PSUT)

Dr. Khaled Shreideh, Sec. General of Higher Council for Science and Technology (HCST)
Prof. Dr. Abdul Rahim Hamdan, Vice President of Hashemite Univ. (HU)

Prof. Dr. Ziad Al-Saad, General Director of Jordan Dept. of Antiquaties (Humboldt Fellow)
Prof. Dr. Abdelhadi Soudi, President of Magreb Club of Humboldt Fellows, Rabat, Morocco
(Humboldt Fellow)

Eng. Samir Abdul Rahim, Assistant GM — Plants Operational Manager, Jordan Abyad Fertilizers &
Chemicals

Proceedings Guest Editors:

1-
2-
3.

Prof. Dr. Marwan S Mousa (Mu’tah University) : marwansmousa@yahoo.com
Prof. Dr. Hani Nicola Khouri (Jordan University) : khouryhn@yu.edu.jo
Prof. Dr. Abdul Rahim Hamdan (Hashemite University): hamdan@hu.edu



Conference Scientific Committee:

1- Prof. Dr. Marwan S Mousa (Mu’tah University)

2- Prof. Dr. Hani Nicola Khouri (Jordan University)

3- Prof. Dr. Abdul Rahim Hamdan (Hashemite University)

4- Prof. Dr. Nizar Abu Jaber (German-Jordanian University)

5- Prof. Dr. Ibrahim Abu Al-Jarayesh (Yarmouk University)

6- Prof. Dr. Abdul Haleem Wreikat (Jordanian Atomic Energy Commission)
7- Dr. Ned Xoubi (Jordanian Atomic Energy Commission)

8- Prof. Dr. Awni Hallak (Jordanian Atomic Energy Commission)

9- Prof. Dr. Khaled Khleifat (Mu’tah University)

10- Prof. Dr. Ahmad M Al-Ajlouni, Jordan University of Science and Technology
11- Prof. Dr. Yaseen Al-Sou'd (Al al-Bayt University)

12- Prof. Dr. Sami Mahmood Jordan University)

13- Prof. Dr. Eqab Rabei (Al al-Bayt University)

14- Prof. Dr. Sawsan Al-Oran (Jordan University)

15- Prof. Dr. Laila Abu Hassan (Jordan University)

16- Prof. Dr. Mahmoud Alawi (Jordan University)

17- Dr Yaser Yousef (Yarmouk University)

18- Dr Amjad Fahoum (Yarmouk University)

19- Dr. Khaldoun Tarawneh (Princess Sumaya Univ. for Technology)

20- Dr. Hussein Allaboun (Jordanian Atomic Energy Commission)

21- Dr. Laith Darabee (Jordanian Atomic Energy Commission)

22- Prof. Dr. Saed Dabaneh (Al Balga Applied University and JNRC)

23- Prof. Dr. Tayel El-Hasan (Mu’tah University)

24- Prof. Dr. Mousa Abu Arabai (Jordan University of Science and Technology)
25- Prof. Dr. Mohammad El-Khateeb (Jordan University of Science and Technology)
26- Prof. Dr. Issa Makhlouf (Hashemite University)

27- Prof. Dr. Luay Rashan (Applied Science University)

28- Dr. Mousa Gougazeh, Tafila Technical University)

29- Dr Jamal Alali (Agaba Petroleum for Oil Shale)

30- Dr Khalid Al-Nawayseh, Arab Potash Co.

31- Eng. Zeid Matouk (Abyad Fertilizers & Chemicals Co.)

32- Prof. Dr. Mufeed Batarseh (Mu’tah University)

33- Prof. Dr. Mahmoud Ajour (Philadelphia University)

34- Dr Lamia El-Khouri (Yarmouk University)

35- Dr. Sherin Sarayreh (Al-Hussein Bin Talal University)

36- Dr. Bothina Hamad (Jordan University)

37- Prof. Dr. Mohamed AlShare (Mu’tah University)

38- Dr. Khaled Nawafleh (Mu’tah University)

39- Dr. Andreas Fischer (Feodor Lynen Research Fellow, Mu’tah University)
40- Mr. Cyrus Salimi Asl (DAAD Coordination Office in Jordan)

Conference Int. Scientific Committee:

1- Nelia Wanderka, Helmholtz-Center Berlin for Materials and Energy
2-  Prof. Dr. Thomas Kelly (Cameca, Madison, Wisconsin, USA)

3- Prof. Dr. Simon Ringer (University of Sydney, Australia)

4- Prof. Dr. Gregory Thomson (University of Alabama, USA)

5- Prof. Dr. Jan Wastiels (Vrije Univ. Brussel, Belgium)

6- Prof. Dr. peter langer (University of Rostock, Germany)

7- Prof. Dr. Frederic Danoix (University of Rouen, France)

8- Prof. Dr. Majda Sekkal-Rahal (University Sidi Bel Abbas, Algeria)
9- Prof. Dr. Mohamed Ellouze (Sfax University, Tunis)

10- Prof. Dr. Fawzi Lakrad (University Hassan II Casablanca, Morocco)
11- Prof. Dr. Hadef redjem (University Oum El Bouaghi, Algeria)

12- Prof. Dr. Marian Jaskula (Jagiellonian University, Cracow, Poland)
13- Prof. Dr. Ibrahim Zeid (Monoufia University, Egypt)

14- Prof. Dr. Abdelaziz Khlaifat (Weatherford Oil Tool ME Ltd, Dubai, UAE)
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Abstract: The fabrication of free standing silver, polypyrrole (PPy) and hybrid PPy—Ag
nanowire arrays was reported. Silver, PPy and PPy—Ag nanowires were produced by
electrochemical deposition/polymerization of metal/polymer in anodic aluminum oxide
(AAO) templates. The home-made AAO templates were fabricated by two—step
anodization of aluminum performed in oxalic acid, sulfuric acid and phosphoric acid at the
anodizing potentials of 25 V, 45 V and 195 V, respectively. Silver nanowires with a
diameter of ~40, 80 and 300 nm were synthesized by DC electrode position from a
commercially available plating bath. PPy nanowires, ~80 nm in diameter, were synthesized
by electropolymerization of a monomer in a solution containing pyrrole (Py) and NaClO4
by applying a constant potential. The hybrid PPy—Ag nanowires, ~80 nm in diameter, were
synthesized by a simple simultaneous cathodic electropolymerization of pyrrole and metal
deposition in a solution containing HNOj;, NaNOs, pyrrole (Py) and AgNO; by applying a
constant potential. After the electrochemical deposition, free standing Ag, PPy and PPy—Ag
nanowire arrays were obtained by a subsequent chemical etching of the AAO template in
an aqueous NaOH solution. The morphology and structural characterization of fabricated

nanowires were performed by FE-SEM and EDAX analyses.
Keywords: AAO templates; Electrodeposition; Electropolymerization; Nanowires.

Introduction

From a material viewpoint, the advancement
of science and technology provides the smaller
and smaller dimensions with higher precision
and enhanced performance. The widespread
interest in nanostructured materials is observed
mainly due to the fact that their properties, such
as: optical, electrical and mechanical, are usually
different from those of the bulk materials.
Different methodologies for conventional and
unconventional fabrication of nanomaterials,
such as photolithography, imprinting, molding
and methods based on self—organization, have

been developed in the past [1]. For
nanotechnological applications of materials, a
high order of obtained nanostructures and
reproducibility of fabrication method are very
important. It is not insignificant that the method
of fabricating nanomaterials should be of low
cost, and easily performed. Most of the methods
listed above, are expensive and time—consuming
and thus, difficult for adaptation in the industry

[2].

Different methods have been used for
preparing 1D nanomaterials [2]. Among these

Corresponding Author: M. Jaskuta. Email: jaskula@chemia.uj.edu.pl
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methods, a template—based synthesis is one of
the most simple and low—cost fabricating ways.
This method of fabrication of metallic or
polymer nanotubes, nanowires and nanofibers is
very promising. The template—assisted method,
using porous AAO membranes, allows to control
precisely the morphology and dimensions of
nanowires.

Porous anodic aluminum oxide (AAO) can be
fabricated electrochemically through anodic
oxidation of aluminum [3]. AAO membranes
have a wide range of applications in both the
macro— and nano—world. For example, AAO in
the macro—world, can be used as a protective and
decorative cover, and in the nano—word in
molecular  filtration, template  synthesis,
catalysis, sensing, electronics, photonics, energy
storage and drug delivery [4]. However, the most
important application of AAO, from the
perspective of nanotechnology, is its utilization
as a matrix to produce a number of
nanomaterials: metal nanostructures (nanodots,

Nanopore Ce\II
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nanowires, nanorods and nanotubes), oxide
nanostructures  (nanodots, nanotubes and
nanowires),  semiconductor  nanostructures
(nanodots, nanowires and nanopores), polymer
nanostructures (organic and inorganic nanowires
and nanotubes) [2]. AAO formed by self-
organized anodization of aluminum in acidic
electrolytes consists of regularly arranged
hexagonal cells with nanopores at their centers
(Figure 1) [2]. Depending on the used electrolyte
and anodizing conditions, this simple
electrochemical process results in nanoporous
structures with a pore diameter ranging from
about 10 to over 300 nm and the interpore
distance ranging from about 35 to 500 nm.

In this study, porous anodic alumina
membranes with different pore diameters and
interpore distances were fabricated by self—
organized process occurring during the
anodization of aluminum in sulfuric, oxalic and
phosphoric acids.

Pore Interpore
diameter distarjce
AAO layer

B layer

FIG. 1: Idealized structure of anodic porous alumina (A) and cross-sectional view of the anodized layer (B) [2].

It is noteworthy that nanofibers and
nanowires have shown higher conductivity and
strength over conventional bulk forms. As one of
the most promising 1D nanomaterials, silver and
polypyrrole nanowires have exhibited many
interesting properties that can be exploited in
various fields of science and engineering.

Silver nanoparticles are of special interest,
because they are potential electrocatalysts for
fuel cells [3] and reduction of organic halides [4,
5]. They also can be used in surface plasmon
resonance (SPR) [6, 7] and surface—enhanced
Raman scattering (SERS) [8, 9], as well as in
chemical and biological sensing [10].
Conducting polymers, such as PPy, combining
the advantages of organic polymers and the
electronic properties of semiconductors, are
attractive materials for use in data storage and
photovoltaic cells. They also can be used as
electrochromic devices, chemical sensors and

biosensors, logic or switching elements and
supercapacitors [11]. PPy nanostructures could
also be utilized as a matrix for the formation of
metal-polymer hybrid electrodes [12, 13 and
14], metal oxide—polymer composite nanowires
[15, 16] and for embedding or dispersing of
metal particles with electrocatalytic properties
[17, 18 and 19].

Methodology

In general, the electropolymerization of a
monomer and electrode position of metal have
been performed at nanochannels of lab—made
AAO templates with an average pore diameter of
about 40, 80 or 300 nm. The AAO templates
were prepared by two-step anodizing as
described previously [2], in operating conditions
collected in Table 1. Due to a relationship
between the pore diameter of AAO and the type
of electrolyte used for anodization [2], three
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types of templates with different pore diameters
were fabricated in sulfuric acid (0.3 M), oxalic
acid (0.3 M) and phosphoric acid (2 wt.% in
CH;0OH water system 1:4 vol.) solutions at
different anodic voltages. A high purity
(99.999%) aluminum foil was used as a starting
material. After degreasing in ethanol and
electropolishing in a mixture of perchloric acid
(60 wt.%) and ethanol (1:4 vol.), performed at
the constant current density of 0.5 A-cm™ for 1
min at 10 °C, aluminum sheet (25 x 5 x 0.5 mm)
was first anodized at a constant voltage. Then,
the formed AAO was removed by a wet

chemical etching in a mixture of phosphoric acid
(6 wt.%) and chromic acid (1.5 wt.%) at 45 °C
for about 12 h. After that, the samples were
anodized again at the same conditions as during
the first anodization. After anodization, the
remaining aluminum substrate was chemically
removed by immersion in a saturated HgCl,
solution. Subsequently, alumina barrier layer at
the pore bottoms was removed in a 5% H;PO,
solution at 45 °C. In order to fabricate Ag, PPy
and PPy—Ag nanowires, a thin Au conducting
layer was sputtered at the bottom side of
through—hole AAO membranes.

TABLE 1. Anodizing conditions together with structural features of AAO membranes obtained by

two-step anodization in different electrolytes.

.. Duration of the Oxide
Anodizing Pore Interpore
Electrolyte voltage Temperature ﬁrst/gecqnd diameter  distante .1ayer
V] [°C] anodization [nm] [nm] thickness
[h] [nm]
0.3 M H,SO, 25 1 8/10 40 ~60 ~40
0.3 M H,C,0, 45 25 1/4 80 ~108 ~36
2 % H3PO4 in
CH;0OH - water 195 0 8/30 ~300 ~390 ~50

system (1:4 vol.)

Silver nanowires with different diameters (40,
80 and 300 nm) have been successfully
fabricated into the anodic alumina oxide (AAO)
membranes by a direct—current electro
deposition from a commercially available plating
solution with a metal content of 28.7 g/dm’.
Polymer nanowires with a diameter of 80 nm
have been synthesized by electropolymerization
of a monomer in a solution containing 0.1 M
NaClO, and 0.05 M pyrrole by applying a
constant potential of 1.5 V vs. the saturated
calomel electrode (SCE). The hybrid PPy-Ag
nanowires were synthesized by a simple
simultaneous cathodic electropolymerization of
pyrrole and metal deposition in a solution
containing 0.4 M HNO;, 0.5 M NaNO;, 0.2 M
pyrrole (Py) and 0.1 M AgNO; by applying a
constant potential of
—0.625 V vs. the saturated calomel electrode
(SCE). With prolonged electrodeposition time,
the AAO template changed the color from gold
to brown.

To obtain free-standing silver and
polypyrrole nanowire arrays, the AAO templates
were dissolved by chemical etching in a 1 M
NaOH solution. The structural characterization
and morphology of silver and polypyrrole

nanowires were performed by FE-SEM and
EDAX analyses.

Results and discussion

All structural features of porous anodic
alumina layers, such as: oxide layer thickness,
pore diameter, interpore distance, “barrier layer”
thickness as well as the regularity of pore
arrangement strongly depend on anodizing
conditions, especially chosen electrolyte,
anodizing voltage and duration of the process. A
self-organized process of aluminum anodization
is usually performed in sulfuric, oxalic or
phosphoric acid solutions. Figure 2 shows FE-
SEM  micrographs of AAO templates
synthesized in different electrolytes with
different pore diameter and interpore distance.
Self-organized anodizing of aluminum in acidic
electrolytes can result in an almost perfectly
ordered nanopore array. The regular nanohole
arrangement can be obtained only in the narrow
range of anodizing potentials and this potential
window varies between 15 and 25 V for sulfuric
acid, 30 and 80 V for oxalic acid and 100 and
200 for phosphoric acid, respectively. The
structural features of prepared AAO templates
are collected in Table 1.
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FIG. 2: FE-SEM images of porous alumi p obtained by anodiz
V (A), oxalic acid at 45 V (B) and phosphoric acid at 195 V (C).
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FIG. 3: FE-SEM images of free—standing silver nanowires obtained by DC electrode position inside AAO
templates with diameters of about: 40 (A), 80 (B) and 300 nm (C) together with EDAX analysis (D).

FE-SEM images (Figure 3) of the free—
standing silver nanowires liberated from the
AAO templates show an uninterrupted silver
nanowire structure up to approximately 1.0 pm
(Figure 3A), 2.8 um (Figure 3B) and 2.2 pm
(Figure 3C) length. The average diameter of
nanowires is approximately: 40, 80 and 300 nm
for sulfuric, oxalic and phosphoric acid
templates, respectively. Consequently, Ag
nanowires have an aspect ratio of about 25, 35
and 7, respectively. To confirm the chemical
composition of obtained Ag nanowires, the
EDAX analysis was performed (Figure 3D). As
can be expected, the spectrum showed that Ag
nanowires are composed of silver. The spectrum
display also carbon peaks as a result of the
presence of the thin, conducting C layer attached
to the bottom of the sample in order to improve

its  mechanical stability and electrical
conductivity during SEM analysis. The PPy
nanowires after dissolution of the AAO template
in a NaOH solution are shown in Figure 4(A-C).

The fabricated PPy nanowires have a uniform
diameter of about 80 — 85 nm and the length of
17.6 um that gives an aspect ratio of about 207.
In order to confirm the composition of PPy
nanowires, IR analysis was performed in the
range of 450 — 4000 cm ' (Figure 4C). For the
PPy nanowire spectrum, the bands at 2917 cm’
are related to the carbonyl group C=0 stretching.
The broad band at 3420 cm™ is attributed to the
N-H stretching in pyrrole. The presence of the
absorption band at 1620 cm’ in the PPy
spectrum is assigned to the axial deformation of
C = C bond.
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FIG. 4: FE-SEM images of the PPy nanowires after dissolution of the AAO template at different magnifications:
4500 (A) and 30000 (B) and its IR analysis.
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FIG. 5: FE-SEM micrographs of hybrid Ag (A) and PPy—Ag nanowires (B) with EDAX analysis of hybrid
nanowires (C).
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Fig. 5 shows Ag (A) and hybrid PPy—-Ag (B)
nanowires synthesized by a simple simultaneous
cathodic electropolymerization of pyrrole and
metal deposition inside the pores of AAO
membrane after dissolution of the AAO
template. It is easily to notice that silver
nanowires have smoother surface than hybrid
PPy—Ag. In the composite material, aggregation

Hnida et al.

of nanowires is stronger and nanowires have
more rough side—surfaces as shown in Figure
5B.

After dissolution of metallic part of hybrid
PPy—Ag nanowires, performed in HNO; at 0 °C
for 1 h, the obtained PPy nanowires have a
diameter of about 65 nm (Fig. 6).

Fig. 6: PPy nanowires obtained after dissolution of silver part of hybrid PPy—Ag nanowires.

Conclusions
The following conclusions can be drawn:

e Through-hole AAO membranes with pore
diameters from tens to few hundreds of
nanometers can be easily fabricated by a
simple two-step anodization of aluminum and
subsequent pore—opening procedure.

e Using DC electrode position, anodic
electropolymerization and cathodic
polymerization accompanied by

electrochemical deposition of metals, silver,
polypyrrole (PPy) and polypyrrole—silver
(PPy—Ag) nanowires were successfully
prepared. The diameter of synthesized
nanowires corresponds with the diameter of
the used AAO templates.
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Abstract: In this work, FeyxNiyx nanoparticle systems in the invar regian=(29, 32 and
37) were prepared by the method of chemical coipitaton. X-Ray Diffraction (XRD)
patterns confirmed the coexistence of both bccfanghases fox = 29 and 32. However,
only fcc phase was observed for= 37. Scanning Electron Microscope (SEM) images
indicated that the particle size is ~ 120-500 nng & almost independent xf Mossbauer
spectroscopy (MS) on the prepared nanoparticlescatel the development of a
paramagnetic phase characteristic of the low-sgntit@enite) fcc phase, in addition to the
magnetic components characteristic of the bcc phadethe high-spin fcc phases. Since it
is not possible to resolve the low- spin fcc phftsen the high-spin fcc phase in XRD
patterns, MS proves to be an effective tool fodgiog the prepared nanoparticle systems.

Keywords: Chemical co-precipitation; Modssbauer Spectroscofyperparamagnetic
relaxations;)/ - (antitaenite) phase.

I ntroduction

Iron nickel alloys in the invar region (65 — 70 coefficient of thermal expansion (CTE) of the
at. % Fe) are of special interest to scientists anthvar 36 alloy at room temperature is
engineers due to their interesting anomalouspproximately 1x18 K™, Of course, like most
thermal and magnetic properties [1-10]. Invarmechanical properties, CTE varies with
alloys demonstrated several anomalies such aemperature. However, Invar’s CTE is the lowest
low thermal expansion coefficient at room of any metal, and varies slowly with temperature
temperature, instability of ferromagnetism, low which makes it suitable for some applications
Curie temperature and saturation magnetizationsnvolving significant temperature changes. The
large high field susceptibilities and relativelgtfl low CTE of Invar alloys is very favorable for
magnetization versus temperature. They alstuilding different systems that require
exhibited anomalies in their atomic volume,temperature invariant dimensions such as laser
elastic modulus and heat capacity. The Invarcavities. Longitudinal mode separation of a laser
(derived probably from Invariant) effect was cavity depends very sensitively on the distance
discovered by Guillaume in 1897 [1]. The between the mirrors of the cavity. This distance
observed anomalously low thermal expansion ofnust be maintained fixed with a tolerance of up
these alloys makes them of high dimensionato the wavelength of the laser (~ Qubn for
stability under changing temperature. Thereforeyisible light lasers), which demands materials
they are widely used in precision mechanicalwith near zero thermal expansion coefficient at
systems in many different industries as well agoom temperature.
opto-mechanical engineering applications. The
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In the Fe- rich region, Fe-Ni alloys exist in Sodium oxide NgD solution. The precipitate
the a-phase (bcc), whereas in the Ni-rich regionwas washed by distilled water several times until
they exist in they-phase (fcc), and a mixture of pH reading of ~7 was reached. The sample was
the two phases was observed for alloys withthen dried in air for ~12 hours at 100 °C. The dry
intermediate concentrations [2,4,5]. In additionmetal carbonate mixture was powdered and
to these two ferromagnetically ordered phasesplaced in a catalytic fixed bed flow reactor
Mossbauer spectroscopy demonstrated th#érough which air was passed at a flow rate of
presence of a paramagnetic phase which was50 cni/min. and a temperature of 300°C for
attributed to superparamagnetic relaxations or tone hour. The produced homogeneous metal
a low spiny’ -phase [4, 5, 10-12]. However, the oxide mixture was then reduced in a hydrogen
composition of the alloy at which this 988 atmosphere at 300°C for 3 hours, and the

component appears and its relative abundance figsulting alloy powder was cooled to room
the alloy were not identical in the literature, témperature by an electric fan for about an hour,

demonstrating the sensitivity of this componentnder helium atmosphere.

to the preparation method. The magnetic scanning Electron Microscopy (SEM) was
anomalies in Fe-Ni alloys prepared by chemicalsed to investigate the morphology of the
co-precipitation [4] and by arc melting [5] near particles and the particle size distributions fue t
the Invar 36 concentration were thus previouslyprepared samples. X-ray diffraction for the
investigated by Mossbauer spectroscopy. In thigowder samples is performed using a stanéard
concentration range, magnetic and structurapg diffractometer with Co-K (L = 1.79025 A)
phase transitions were observed, and the lowsdiation. Mossbauer ~ Spectroscopy  in
spin component appeared. This component wagansmission geometry was conducted using a
attributed to superparamagnetic clusters [5] andtandard constant acceleration Mdossbauer
partly to the low spiny/ -phase (antitaenite) [7].  spectrometer, and the spectra were collected over
512 channels. Isomer shifts were measured
relative to the centroid of the-Fe spectrum at
room temperature, and the spectra were fitted
]using a software based on least squares analysis.

This work is an effort to understand the
magnetic behavior of FeNi alloys in the invar
region in light of differences in reported
experimental results. The apparent sensitivity o
the paramagnetic phase to the method of samplRegy|ts and Discussion
preparation and experimental measurements, and ] ] ]
the conflicting explanations concerning the Scanning electron microscope (SEM) images
appearance of such phase have motivated us 8 the samples kg.Ni, (x = 29, 32 and 37)
conduct the present investigation. Thus, in thishow that the samples consist of uniform
using the chemical co-precipitation method, andliameters ranging from ~ 120 — 500 nm (Fig. 1).
investigated their structural and magneticThe particle size distribution appears to be
properties using X-ray diffraction, Electron Similar for the samples with = 29 and 32 and

Microscopy, and Mdssbauer spectroscopy. finer for the sample with = 37.
. XRD patterns (Fig. 2) indicate that the
Experimental sample withx = 29 consists of two phases; the

The alloys F@Niy, FegNiz and FeNisy, bcc FeNiphase and thefcc phase. The-phase
were prepared using chemical co-precipitationincreases with increasing Ni concentration until
Proper amounts of Iron-oxide & powder for X = 37 where the sample becomes a pure fcc
each sample were dissolved in a proper amourthase. The lattice parameter of the bcc phase is
of Nitric acid (HNQ) with the aid of heat. A (2.85 £ 0.01) A, while that of the fcc phase is
proper amount of Nickel-acetate Ni (gBDy), (3.55 + 0.01) A. These are only slightly lower
salt was dissolved in distilled water. The solution@nd higher than the lattice parameters for bcc Fe
for each sample was then added at once to &-87 A) and fcc Ni (3.52 A), respectively. The
clean beaker together to form a homogeneousmall difference in lattice parameters could be
mixture of the two solutions. A pH of ~ 7 for the associated with the fact that Ni atom has a
new solution was reached by adding ammonigmaller size than Fe atom. In the concentration
solution. The metal ions in the mixture werefange of this study, the difference in lattice

precipita‘ted by add|ng a proper amount ofparameters for the three Samples is within
experlmental uncerta|nty.

10
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FIG. 1: SEM images for kg xNiy with (a)x = 29, (b)
x =32 and (cx = 37.

Here, K is a constant (0.94), is the wave
length of X-ray (1.79 A) ang is the width of the
diffraction peak at half maximum. The measured
crystallite size for the samples is (35 + 5) nm.
The crystallinity of the samples does not appear
to depend appreciably on the Ni concentration,
which indicates that the entrance of Ni into the
bcc Fe, or that of Fe into fcc Ni, does not
influence the crystal structure appreciably.

Mossbauer spectra for the different samples
are shown in Fig. 3 and the hyperfine parameters
obtained from fitting the spectra with the
appropriate components are listed in Table 1.
The spectrum for the sample with= 29 was
fitted with two magnetic sextet components and
a central singlet. The component with 8 34.3
T is associated with the bcc FeNi phase, and that
with By = 29.2 T is associated with the fcc FeNi
phase. These values are consistent with those
reported earlier for these phases in alloys with
= 30 prepared by arc melting [5] and by
chemical co-precipitation [7]. The central singlet
with width of 0.82 mm/s and relative intensity of
15% is also consistent with that observed for the
sample withx = 30 prepared by arc melting [5].
However, this singlet is appreciably broader than
that with width of 0.40 mm/s observed in the
sample prepared by co-precipitation. This
broadening could be associated with
superparamagntic relaxations in small particles.
Such a relaxation in superparamagnetic clusters
which results in broadening of the singlet was
reported earlier [5, 13].

The spectrum for the sample withs 32 was
also fitted with two magnetic sextets
corresponding to the bcc and fcc phases, and a
broad central singlet that could be associated
with superparamagnetic relaxations. The relative
intensity corresponding to the fcc phase grows at
the expense of the bcc phase (Table 1), which is
consistent with the behavior of the relative
intensities of the two phases in the XRD patterns
(Fig. 2). However, the relative intensity of the
singlet drops down to about half its value for the
previous sample, which could be associated with

The crystallite size is measured from thea reduction of the proportion of the small
broadening of the diffraction lines using the superparamagnetic particles in this sample.

Scherrer equation:
b= K
[ cos@
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TABLE 1. Isomer shift (IS) in mm/s, hyperfine magjodield (By) in Tesla (T), relative intensity (1)
and width (W) of the inner lines in mm/s of Mssbaspectra for the kg,Ni, system.

X=29 X= 32 X=37
1S; 0.01 0.02 0.07
1S, 0.00 0.02 0.06
IS; (Singlet) -0.05 0.04 -0.03
Bt 34.3 34.2 30.0
Byt 29.2 29.7 16.3
l1 0.53 0.35 0.57
|, 0.3z 0.5¢ 0.3z
I3 (Singlet) 0.15 0.07 0.13
W, 0.27 0.2t 0.3¢
W, 0.71 0.43 0.58
W; (Singlet 0.82 0.74 0.4¢
|:eloo-xNIx
@\ I:e63Ni37
B -
IS A
%‘ T i T T T T T i T i T
s ]
ol
i Fe68N|32
'%‘ A ‘A A
C E T H T T T T T H T H T
JORE
£
_: Fe71Ni29
E A A
30 40 50 60 70 80 90 100 110

20 (degree)

FIG. 2: XRD patterns of kgy«Niynanoparticles.

The spectrum of the sample with= 37 was reported for the alloy witlk = 35 prepared by arc
fitted with two sextets with hyperfine fields of melting [5], and were assigned to fcc phase. This
30.0 T and 16.3 T, in addition to a relatively assignment is consistent with the pure phase
narrow central singlet with width of 0.49 mm/s. observed in the XRD pattern for this sample. The
The two low field sextets were previously peaks of the magnetic component with-816.3

12
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T coalesce into a broad magnetic sextet. Thiphase which was reported to develop in regions
component was shown in our previous work towith x < 30. This component develops in fcc

be associated with superparamagnetiagegion of the alloy at composition commensurate
relaxations. Thus, this component in the presentiith the bcc to fcc complete structural phase
work could be attributed to superparamagnetidransition probably due to competition between
relaxations in nanoparticles associated with thehe two structural phases, and reveals the
finer particle size distribution observed in SEM coupling between the magnetic and structural
image for this sample. A similar component wasproperties. These results also reveal the
detected in a previous work [6]. The narrowsensitivity of the structural and magnetic phase
singlet is consistent with that reported earliar fo transitions to composition of the alloy. Thus, an
FeNi powders prepared by chemical co-extension of the fcc phase to higher Ni

precipitation [7]. The significant narrowing of concentrations would shift the stoichiometry at
the singlet component in the spectrum of thiswhich the y - low spin phase develops. The

sample in comparison with that in the previousyitferent heat treatment used in this study could

samples led us to trust that the origin of thispe responsible for the difference in the relative
component is different from that in the previousproportion of this component and the

two samples. Thus, this component is assigned t8yncentration at which it occurred.
the paramagneticy’ - low spin (antitaenite)

Absorption (Arbitrary Units)

L | T T T
-10 8 6 -4 -2 0 2 4 6 8 10

Velocity (mm/s)
FIG. 3: Mdssbauer spectra for the i, system X = 0.29, 0.32 and 0.37).
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Conclusions

The method of chemical co-precipitation the nanoparticles were observed up to that
proved to be suitable for the preparation of invarconcentration, while such relaxations were not
FeNi nanoparticles with approximately uniform observed in alloys witlkx > 30 prepared by arc
particle size distribution. The prepared melting as demonstrated by our previous work
nanoparticle systems demonstrated anomaloys]. The variations of the magnetic phases and
structural and magnetic phase transitions in #heir relative proportions at different valuesof
narrow range of elemental concentrations aroundould indicate the sensitivity of these phases to
the invar stoichiometry. The prepared FeNithe preparation procedure and the particle size
nanoparticles by chemical co-precipitationdistribution.
demonstrated different magnetic properties and
phase transitions than the bulk system prepareAcknowledgemmt
by arc melting [5]. The antitaenite phase . .
developed in the concentration region around th This work IS s_u_pported by a generous grant
invar  stoichiometry (36 at% Ni), and rom the Scientific Research Support Fund

superparamagnetic relaxations associated WitﬁSRSF),Jordan.
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Abstract: This article presents a detailed experimental study on the sulfate attack of
mortars of self compacting concrete, and the effectiveness of employs microsilica and
limestone fillers in the minimization of the damage resulting from such an attack. The test
solution used to supply the sulfate ions and the cations was the sodium sulfate solution
4.5%. The solution saturated with lime was employed as the reference solution. The main
variables investigated in the study were the type of cement and mineral addition. The
expansion measured on prisms of mortar of (40x40x160) millimeters was employed to
estimate their durability after exposure to the sodium sulfate solution attack during 91 days.
Specimens of mortars were visually examined to assess the extent of deterioration due to
the sulfate attack. The x-ray diffraction was used to evaluate the microstructural nature of
the sulfate attack. The test results proved that the use of microsilica had a beneficial effect
on the expansion due to the sodium sulfate attack. While mortars with limestone filler have
undergoes degradation even with the use of cement resistant to sulfates.

Keywords: Microsilica; Limestone filler; Sodium sulfate attack; Mortars, Expansion.

Introduction

It has been recognized for a long time that the
presence of sulfate ion in soils can cause severe
damage to concrete structures. Until now,
however, the exact definition of the mechanism
of attack seems very difficult because of the
complexity of its behavior. Indeed, many factors
such as cement type, cation sulfate type, sulfate
concentration and exposure period can affect the
sulfate resistance [1, 2]. This attack was often
been discussed in terms of chemical reaction
between the hydrates in cement paste (C;A and
Ca(OH),) and the dissolved compounds, such as
sodium sulfate in the attacking solution and by
the reaction of SO, ions to form expansible
products (ettringite and gypsum).

Several ideas were suggested to increase the
resistance of concrete against the sulfate attack
by decreasing porosity (contained high amount
of cement or low water-cement ratio) or by

improving resistance (cement resistant to sulfate
or addition of pozzolanas).

Researchers have reported on the sulfate
resistance imparted by microsilica, which is
generally incorporated in concrete to improve its
technological proprieties and its durability. This
excellent resistance is related to the filling action
of microsilica because of its fine particles size,
and pore refinement process occurring due to the
conversion of portlandite into secondary C-S-H
gel, through strong pozzolanic reaction [1, 2].

The aim of this work is to develop a
comparative evolution of the sodium sulfate
4.5% resistance and durability of microsilica
mortar and limestone fillers mortar, with two
different cements. An experimental device was
thus developed to obtain conclusive results about
the effect of use of mineral additions of different
reactivity.

Corresponding Author: C. Nasser
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Experimental
Materials

In the tests reported in this paper, studies of
expansion of mortars samples (4x4x16 (cm))
were carried out. Two cements were used, an
artificial Portland cement CPJ CEM II/A 42,5
produced by Ain El Kebira and cement resistant
to sulfates CPA CEM 1/42,5 produced by
Lafarge. The chemical compositions of cements
used in this investigation are shown in Table 1.

Two mineral additions were employed, a
microsilica with a density of 2.15 g/cm® and a
limestone filler of density of 2.62 g/em’.
Chemical compositions of these additions are
illustrated in Table 2.

TABLE 1. Chemical and mineralogical
composition of cements
CEMI1 CEMIIA

42,5 42,5
MgO (%) 1.7 0.17
SO; (%) 1.9 1.00
Loss on ignition (%) 1.5 0.24
Insoluble residue (%) 0.7 2.64
GCsS (%) 57.00 61.34
C,S (%) 19.00 17.00
C;A (%) 3.00 5.59
C4AF (%) 14.00 11.93

TABLE 2. Chemical composition of additions

Limestone filler =~ Microsilica

Si0; (o) 42.00 92.1
ALOs %) 0.0 0.25
Fe;05 () 0.0 0.79
CaO (, 54.84 -

MgO 0.1 -

SO;3 (o) 0.6 0.36
NaO 0.02 0.17
K50 () 0.1 0.96

The water/cement ratio of all the mixtures of
mortar examined in this study was 0.5 and the
water /cementitious materials ratio was 0.45. In
order to obtain adequate workability for a mortar
of self-compacting concrete, the use of a
superplasticizer was indispensable.

MEDAFLUID SFR 122 chemical admixture was
incorporated in the mortar mixture with a
proportion. The superplasticizer was added to the
mixing at a level of 1.5% by mass of total
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cement. River bed sand of density 2.5 g/cm’,
with a maximum size of 3 mm, was used as the
fine aggregate in all mortar mixtures.

Exposure of mortar samples

The mortars were cast in prisms of (4x4x16
cm)). the mortar samples were cured in a
saturated Ca(OH), solution during 12 days. At
the end of this period, some samples were
remained in the preceding solution, employed as
reference solution for control samples. Some
samples were moved to sodium sulfate solution
(NaySO4) of 4.5 % concentration and kept
continuously immersed for predetermined
periods.

The sodium sulfate solution used for the
immersion tests is renewed every 4 weeks to
reduce the increase in pH due to the leaching of
OH ions from the mortar specimens and cement
paste (to avoid reaching the pH of saturated Ca
(OH), solution and to compensate for the loss of
the concentration of the sulfate solution due to
the process of degradation).

TABLE 3. Composition of mortars specimens

MSCII  MFCII MFCI
(Kgm’) (Kg/m’) (Kg/m’)
CEM 11 625 625 -
CEM1 - - 625
Sand 0/3 1073 1073 1073
Limestone filler - 69.5 69.5
Microsilica 69.5 - -
Water 312.5 312.5 312.5
Superplasticizer  9.39 9.39 9.39

The deterioration of the mortar samples was
studied by evaluating their expansions for
predetermines periods (14, 21, 28, 56 and 90
days). At each age of test, three specimens of
each type of mortar were placed on the
comparator and their expansions were
determined, and then their values were brought
to an average. The morphological changes of the
cement hydrates, due to the exposure to the
sodium sulfate solution, were studied using the
x-ray diffraction, which provides semi-
quantitative information on the -elementary
composition of the mortar.

Results and discussions

Visual examination

A thorough visual examination was carried
out every month on the mortars cured without
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interruption in the sodium sulfate solution and
saturated Ca(OH), solution to evaluate the
visible signs of degradation (material damages)
and spalling on surfaces of mortar specimens.

No surface sign deterioration was detected on
the mortar samples after 90 days of immersion in
the test solutions. No sign of spalling was
observed and no layer of white material was
found deposited on the faces of the mortars, as
shown in figs. 1 and 2; that confirms the results
obtained by Dehwah (2007) [3]. This result is in
agreement with that found by Wee et. a/ (2000),
which concluded that a replacement of cement
by 5 to 10% of microsilica played a key role in
resisting sodium sulfate attack, indicating no
signs of spalling after about 1 year of exposure
to 5% Na,SO, [4].

Fig. 1. Mortars preserved in the 4.5% sodium sulfate
solution during 90 days.

Fig. 2. Mortars preserved in the saturated lime
solution during 90 days

Day and Ward (1988) observed expansions of
1% and more, accompanied by the significant
reductions of the mechanical properties of the
samples without any surface sign degradation

[5]. According to Hill et. al/ (2003), mortars
preserved in the saturated Ca(OH), solution
(control solution) were not faded and the visual
examination did not show any sign of
degradation, which is in agreement with the
results of our study [6].

Figs 1 and 2 show the results of the visual
examination of mortar specimens subjected to
sulfate attack after 90 days of immersion in the
test solutions.

Morphological changes

The XRD patterns, shown in Figures 3, 4 and
5, were obtained for samples scraped from the
surface of the mortar specimens conserved in the
test solutions. The diffractogram, shown in
figure 3, indicate a veritable difference between
the two samples from the two solutions.
Especially in MSC II (Na,SO,), an abundant
presence of ettringite was detected. Indeed, three
peaks were detected at 35.9°, 42.4° and 47,63°
20 for ettringite, in addition to portlandite with
weak peaks intensities and gypsum at 29.4° and
35.9° 20. On the other hand, as shown in figure
4, signs of degradation of mortars exposed to the
sodium sulfate solution (graph MFCII(Na,SOy,))
were observed, and this according to the
concomitant presence of ettringite, thaumasite,
portlandite and gypsum. Indeed, gypsum peaks
were detected at 29.3° and 35.9° 20. A
thaumasite peak at 50.6° 20 was observed in
figure 3. Ettringite and portlandite were present
as several weak and average intensity peaks.
Figure 5 shows resemblances of diffractograms
MFCl(sulfate) and MFCI(lime) on the level of
the portlandite peaks intensities and angles of
their detections. This element showed important
intensities at 18.06°, 34.09° and 50.7° 20. In
addition to the portlandite, diffractogram
MFClna2sos) shows a concomitant presence of
ettringite at 32.1° 20, gypsum and thaumasite.
Indeed, three gypsum peaks were detected at 20
of 29.45° 35.9° and 45.8°. Two peaks of
thaumasite, one at 27.9° 20 and another at 47.6°
20, were noted. The decrease in CSH during the
reaction with the gypsum and limestone
promotes the appearance of thaumasite. The
XRD Data shows that the peaks of CSH are very
low in sulfate solutions. In other XRD Data is
not the case.
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Fig. 3. XRD of mortars MSCII preserved in the solutions Na2SO4 and Ca(OH)2 during 90 days. (P
portlandite, C = calcite, Q = quartz, E = ettringite, T = thaumasite, G = gypsum).
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Expansion

Fig. 6 shows the test results of expansion of
the mortar specimens conserved in the sodium
sulfate solution. The expansion of mortars
MEFCII (mortars with limestone filler and cement
CEMII) is much more important. It is
approximately 940 um/m at 90 days, compared
to mortars MSCII (mortars with microsilica) and
MFCI (mortars with limestone filler and cement
CEMI) which have expansions of 788 and 511
um/m at 90 days respectively. According to
these curves, we see well that mortar MFCI is
most resistant to sodium sulfate.

This is due to the small quantity of the phase
of calcium aluminate hydrates (C;A) with the
predominance of the clinker (the only
component of this cement) which generates more

calcium silicate hydrates. This result forms a
compact concrete with a high resistance and
durability. Mortar MSCIl seems to be of
important resistance to sodium sulfate, which is
ensured by the fine particle size of microsilica
which makes the unit very compact and
impermeable to the aggressive solutions.

The prolonged hydration of the free lime
which is in excess in mortars MFCII(sulfate) and
MFCl(sulfate) (mortar with limestone filler)
formed the portlandite which caused constraints
by its crystalline growth, thereafter, an increase
in volume. The low content of portlandite in
MSCIll(sulfate)

The introduction of microsilca in mortars can
block the pores [7].

........

Expansion (pm/m)

45T r4
00 ——I’. ——— IISCII[sulfate)
L —m— MIFCII| sulfate)
- IMEFCI (sulfate)
O —Ha T T T T T T
O 1 @8 42 5& TO Bl = p

"Davys

Fig. 6: Expansion of the mortars in the sodium sulfate solution.

According to Lachaud (1979), the portlandite
is hydrated in MSClIl(sulfate) and forms
ettringite which does not cause an important
expansion because of its weak specific surface
and its weak adsorption capacity with respect to
water [ 8 ].

Based on the small quantity of the portlandite
(which is consumed by microsilica to form the
C-S-H) in MSClIl(sulfate), the ettringite formed
is not expansible in spite of its high rate, this
result agrees well with the results of Mehta
(1973 a, b) which was observed, when the
portlandite is in small quantity, the ettringite
formed as coarse crystals of about 60 um check
labeling inside the figures with caption that have
a weak specific surface and thus a weak
adsorption and expansion capacity [9, 10].

Tian and Cohen (2000) showed in their study,
that the formation of the gypsum by the external
sulfate attack can cause a significant expansion
even when the formation of the ettringite is
excluded [11].

Even the mortar of cement CEMI
(MFCl(sulfate)), which is supposed to be
resistant to sulfates, marked a light swelling in
the sodium sulfate solution. This expansion is
appreciably slower and less severe than in
MEFClIl(sulfate) mortar (cement CEMII).
According to Eglinton (1998) and Lota (1995),
the principal reason of the mortar resistance with
respect to sulfates is due to the low quantity of
calcium aluminate hydrates (C;A) [12, 13].
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Conclusions

This manuscript presented a detailed study of
the process of degradation of the prisms of
mortars in the environment of sodium sulfate,
and evaluated the potential consequences of the
use of mineral additions of different reactivity's,
on the durability of the three compositions of
mortar of self- compacting concrete.

The use of microsilica has a beneficial effect
on the reduction of the expansion of the mortars
in the aggressive solution, because of its strong

Nasser and Meriam

pozzolanic reaction and the consumption of the
calcium hydroxide.

However, the addition of limestone filler did
not prevent the expansion, and the formation of
thaumasite. Even the use of cement resistant to
sulfates (CPA-CEM 1/ 42.5) did not eliminate
the expansion; consequently, the addition of
limestone filler is to be avoided in the sodium
sulfate environments.
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Abstract: Composite micro-emitters consisting of a tungsten core coated with different
dielectric materials were prepared. Various properties of these emitters were measured,
including the current-voltage (IV) characteristics and spatial current distributions. We
compared coated and uncoated tips and determined differences between both types. It could
be proven that coated emitters are superior to uncoated ones in terms of the current stability
and the emission current obtained for the same applied voltages. After these samples have
been stored under atmospheric conditions for a period of 10 to 20 years from the first time
being characterized, they were tested again. The IV characteristics and spatial current
distributions in addition to stability measurements were recorded. Various similarities as
well as some differences compared to the initial characterization have been found. It is
interesting to note that after one and a half decades these composite emitters are still
functioning effectively without being subjected to field desorption processes. The dielectric
layers built on the tungsten cores were still in shape and stable. Some theoretical analysis
of the tip properties and their change during storage time is included. Particular attention is
paid to the deviations from the ideal Fowler-Nordheim (FN) behavior as well as the related

slope and intercept correction factors.

Keywords: Field electron emission; Coated tips; Aging effects.

Introduction

As an electron source, the field emitter is
particularly attractive due to its favorable
emission properties and simple operating
principle. In the past decades, there has been
sustained interest in field emitters as high
brightness  electron sources for various
technological devices. The most widely used
material for such emitters is tungsten [1,2].

Metallic micropoint emitters have faced extra
interest by the emergence of microfabrication
technology, especially in the form of planar field
emitter arrays (e.g. Refs. [3-7]) which were
incorporated into devices such as flat-panel
cathode luminescent display [8].

To avoid metallic tip degradation from the
ion sputtering processes during emission and to

obtain an electron source with long lifetime and
high beam brightness, a wide range of composite
micropoint cathodes has been manufactured.
This involved coating the tungsten tips with a
variety of dielectric materials [9-11].

A guidance to the interpretation of the
measured electron emission characteristics is
given by Forbes and Deane [12, 13], along with
a detailed analysis of the transmission
coefficients for the potential energy barrier.

The aim of this work was to try to analyze
long-term  stability of such composite
microemitters. For this purpose, we considered
three insulator coated tungsten tips, which have
been manufactured and tested 10 to 20 years
ago [2,14,15].

Corresponding Author: M. S. Mousa Email: mmousa@mutah.edu.jo
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Thereafter, these tips have been stored under
standard atmosphere conditions without any
further operation until we now tested them again
to study the aging effect on these composite
emitters.

Experimental

The preparation procedures, under which the
coated W-tips had been manufactured, are
described in the original publications [2, 14, 15].

In all cases, we started with tungsten tips,
electrochemically etched from a high purity
0.1 mm diameter wire. These tips had afterwards
been coated by tetracyanoethylene (TCNE) [2],
magnesium oxide (MgO) [14] and zinc oxide
(ZnO) [15], respectively.

The analyses were essentially carried out in
two evacuated field emission microscopes; one
diffusion pumped system with an additional
liquid nitrogen (LN,) trap (vacuum system 1)
and one turbo pumped system (vacuum
system 2). In both systems, base pressures of less
than 1x10™ mbar have been reached after baking
the system at a temperature of about 180 °C
overnight. The cathode was mounted ~10 mm
away from the conductive phosphorus screen
(anode), and a current limiting resistor of 20 MQ
was used. The images presented were taken
through the vacuum systems' windows by a
standard digital camera.

Results

We deal with coated tungsten microemitters,
where several coatings have been analyzed;
namely TCNE, MgO and ZnO. These samples
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were coated fifteen years ago, tested, kept in the
laboratory under atmospheric conditions and
have been re-examined in this work to analyze
the impact of aging.

The results presented include the IV
characteristics, FN plots and emission images.
We compare these results with those previously
obtained.

TCNE Coated Microemitter

This type of coating presented one of the
most successful metal-insulator composite
emitters due to being the electron source that
enabled the in-situ observation of the transition
process from cold to hot emission process during
field emission assisted vacuum deposition of
polymers on tungsten tips[2]. The emission
current obtained (in vacuum system2) was
stable and the emission image showed a bright
spot which demonstrated temporal stability after
the electron emission switch-on phenomenon.
The values previously obtained were 7 pA at
1000 V applied.

The IV characteristics were recorded as
shown in Fig. 1 (left) with the FN plot on the
right side of the same figure. This result agrees
with the results recorded 15 years ago with just a
slight decrease in the current obtained. The
emission images (shown in Fig. 2) recorded
during the voltage increase astonishingly
resemble the emission image presented in the
original work [2]. Continuing the cycle showed
the smooth curve of the IV and FN plots'
characteristics for the voltage decrease (see
Fig. 3).
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FIG. 1: The IV characteristics (left) and Fowler-Nordheim plot (right) of TCNE-coated tungsten tip during a

further voltage increase.
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FIG. 3: The IV characteristics (left) and Fowler-Nordheim plot (right) of TCNE-coated tungsten tip during

another voltage decrease.

MgO Coated Microemitter

In this section, the MgO coated tungsten
emitter, that was examined 12 years ago with its
characteristics published in [14] is now being re-
examined (in vacuum system 1). The IV
characteristics of this composite emitter (see
Fig. 4, left) showed a switch on effect at 3340 V
to an emission current of 17 pA which then
increased gradually to 25 pA with increasing the
applied voltage to 4700 V. The related FN plot is
presented in the same Fig. 4 (right) with linear
behavior obtained for lower fields. The emission
images obtained from the MgO coated tungsten
tip showed a single spot at low current and
1860 V. Increasing the voltage up to 2000 V
showed emission from more than one sub-
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emission center that increased in number with
increasing the voltage up to 2970 V. Increasing
the voltage even more to 3340 V leads to the
observation of a switch-on effect, thus producing
a single spot image. Further increase of the
voltage to 3800 V produced a more symmetric
and concentrated emission spot, which is similar
to that obtained during the original
characterization process [14]. After increasing
the voltage further to 4700V, stability
measurements were taken revealing limited
stability compared to the original
characterization. Subsequent decrease of the
voltage produced the IV characteristics as shown
in Fig. 6 with linear FN plot at the very low
applied field region.
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FIG. 4: The IV characteristics (left) and Fowler-Nordheim plot (right) of MgO-coated tungsten tip.
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FIG. 5: Field emission images of MgO-coated tungsten tip taken at 1860, 1950, 1970, 2150, 2500, 2970, 3300,

3340, 3560 and 3800 V, respectively (a-j).
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FIG. 6: The IV characteristics (left) and Fowler-Nordheim plot (right) of MgO-coated tungsten tip.

ZnO Coated Microemitter

In this section, the ZnO coated tungsten
emitter, that was examined 20 years ago with its
characteristics published in [15] is now being re-
examined (in vacuum system2). The IV
characteristics obtained from the field emission
process at the ZnO coated tungsten microemitter
showed a smooth and regular increase of current
with voltage (see Fig. 7, left) followed by a
switch on from 3 to 6 pA at 3800 V. The
emission current values were obtained at higher
voltages than they were obtained originally [15],
although linearity of the FN plot (see Fig. 7,
right) is more obvious for a wider range of
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voltage. The emission images obtained from this
composite emitter showed a striking similarity in
the scattered multi-spot appearance compared to
the original work at exactly the same voltage.
Fig. 8 presents the spatial distributions of
emission from ZnO coated tungsten tips showing
the stability behavior of this type of electron
source. The images demonstrate a limited
stability measurement where we notice multiple
emission sites randomly switching on and off.
Each spot has a different energy distribution
spectrum [10]. Subsequently decreasing the
voltage showed a very smooth behavior (see
Fig. 9).
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FIG. 7: The IV characteristics (left) and Fowler-Nordheim plot (right) of ZnO-coated tungsten tip.
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FIG. 8: Field emission images of ZnO-coated tungsten tip during stability measurement at 3800 V. The images
were taken every 10 minutes reading an emission current of (a-¢) 4.1, 5.7, 5.5, 6.2 and 5.6 pA.
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FIG. 9: The IV characteristics (left) and Fowler-Nordheim plot (right) of ZnO-coated tungsten tip.

Conclusions

Composite emitters, consisting of clean
tungsten tips with known profile, coated with a
variety of insulating materials, such as TCNE,
MgO and ZnO were previously prepared and
characterized. After about 10 to 20 years of
keeping these samples under standard
atmosphere conditions, they were tested again to
study the strength of coating and the influence of
aging. Results obtained by measuring the IV
characteristics and emission images showed both
striking similarities and marked differences
between the characteristics obtained in both
ages. One might have expected to find the tips
highly degraded due to adsorption of corrosive
substances present (at least in traces) within the
standard atmosphere. Ultimately, experimental

work reported here proves that the dielectric
coating used in these experiments formed
permanent structures on the tungsten core.

To highlight it once more, the coated tips
showed outstanding long time stability by
surviving about 15 years under standard
atmosphere environment in fully operational
condition. Thus, it might be worth systematically
testing their capabilities under poor vacuum
conditions.
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Abstract: Tungsten based microemitter tips have been prepared with various tip radii
ranging from 30 to 100 nm. These tips were manufactured by electrochemical etching of a
0.1 mm diameter high purity (99.95%) tungsten wire at the meniscus of two molar NaOH
solutions. Contrary to the standard procedure, the tips' surfaces have not been cleaned off
NaOH solution by ultrasonic cleaning in distilled water. Only a coarse cleaning by dipping
the electro-polished samples a few times in distilled water has been performed. Thus, a
layer of NaOH remained on the surface, which acts like a coating. The thickness of this
coating layer left on the core material depends on the number of dips of the sample in water
after etching. This procedure produced composite microemitters which consisted of a
tungsten core with three different thicknesses of coating — thick, medium or thin —
consecutively produced by dipping the etched samples in water for one, six or twelve
time(s). A conventional field emission microscope with a tip (cathode) — screen (anode)
separation standardized at ~ 10 mm was used to characterize the electron emitters. The
system was evacuated down to a base pressure of ~10™* mbar when baked at up to ~180 °C
overnight. This allowed measurements of typical Field Electron Emission (FE)
characteristics; namely the current — voltage (IV) characteristics and the emission images
on a conductive phosphorus screen (the anode).

Keywords: Nickel ferrite; Lattice parameters; Magnetic hysteresis; Cationic distribution.

Introduction

Due to its favorable emission properties and
simple operating principle, the field emitter is
particularly attractive as an electron source. In
the past decades, there has been sustained
interest in field emitters as high brightness
electron sources for various technological
devices. For applications, such as electron
microscope sources, that require point-geometry
emitters, the most widely used substrate material
is tungsten [1,2]. Metallic micropoint emitters
have faced extra interest by the emergence of
microfabrication technology, especially in the
form of planar field emitter arrays (e.g. Refs. [3-
7]) which were incorporated into devices such as
flat-panel cathode luminescent display [8].

To avoid metallic tip degradation from the
ion sputtering processes during emission and to
obtain an electron source with long lifetime and
high beam brightness, a wide range of composite
micropoint cathodes has been manufactured.
This involved coating the tungsten tips with a
variety of dielectric materials which was started
in 1986 by Latham and Mousa [9]. Recently,
several types of dielectric coating on tungsten
were reviewed by Mousa [10]. A guidance to the
interpretation of the measured electron emission
characteristics is given by Forbes and
Deane [11], along with detailed analysis of the
transmission coefficients for the potential energy
barrier.

Corresponding Author: A. Fischer Email: andreas.fischer@physik.tu-chemnitz.de
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In this work, we consider the probably
simplest way of coating microemitters which is
utilizing NaOH. This material is deposited on the
tips' surfaces by the standard etching process and
usually washed off before any further
processing. Here, we only coarsely wash the
surface allowing a more or less thick layer of
NaOH to remain on the surface and subsequently
we analyze its properties as a coating material.

Experimental

The preparation of tungsten microemitters of
a tip radius of less than 100 nm is generally
performed by an electrolytic etching technique
as described in the literature [2,9]. The tips here
are produced from a 0.1 mm high purity tungsten
wire by electrolytic etching at the meniscus of
two molar sodium hydroxide (NaOH) solutions.
According to the standard procedure, the tip
would be cleaned directly after the etching by
repeatedly immersing it in distilled water and
finally subjecting it to ultrasonic cleaning.

Contrary to this standard procedure, we
avoided the thorough cleaning leaving a layer of
NaOH behind on the tips’ surfaces. The
thickness of this NaOH layer was influenced by
partial cleaning through immersing the tips in
distilled water for one, six or twelve time(s),

Mussa et al.

respectively. The resulting layers will be referred
to as thick, medium or thin in that order.

The analyses were essentially carried out
using a field emission microscope. This system
could be evacuated to a base pressure of about
10" mbar after baking at ~180 °C overnight. The
cathode was mounted ~10 mm away from the
phosphorus screen and a current limiting resistor
of 20 MQ was used.

Results

The emission characteristics obtained from
three sets of etched tungsten tips — coated with
NaOH layers of different thicknesses — show a
generally interesting behavior. As the applied
voltage is slowly increased, the emission current
“switches on” from approximately zero (i.e., a
very low value, usually a few nA) to a stable
saturated value of 10 to 30 pA. By slowly
reducing the voltage, the current decreases
smoothly until it vanishes at a certain threshold
voltage. For all samples, the IV plots (Fig. 1)
show the usual exponential - like increase at low
voltages (<1000 V). At higher voltages, the
current-voltage-relations turn into straight lines.
This indicates that the emission current in this
region is bounded by limited electron supply.
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FIG. 1: The emission characteristics of micropoint cathodes coated with different layers of NaOH. The IV plots
show the usual exponential - like increase at low voltages (< 1000 V). At higher voltages, the emission
currents appear to be bounded by electron supply limits, resulting in rather straight current - voltage relations
in this region. Comparing the three graphs, we find that the current increases with the thickness of the coating
layer. Note that the data have been recorded during voltage decrease. (The connecting lines in the graphs are

for eye-guidance only.)
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Comparing the three graphs in Fig. 1, we find
that the current (at a given voltage) generally
increases with the thickness of the coating layer.
Thus, the NaOH coating apparently enhances the
electron emission at the surface.

The FN plots of the emission characteristics
(Fig. 2) show a variety of effects. In the right
hand part, the relation is mostly linear in all
graphs indicating the wusual field emission
behavior. However, for higher electric field
strengths (left of about 1.7 in 1000/U) the graphs
bend and finally start decreasing slightly. This
again indicates that the emission currents are
bounded by an electron supply limit. The graphs
of the tips coated with the medium or thick layer

show a specialty. The two maxima found at
about 0.8 and 1.3 for the thick coating as well as
0.7 and 1.7 for the medium coating (each in
values of 1000/U) might imply field dependent
structural reorganization of these NaOH layers.
As the data have been recorded during voltage
decrease, this effect was found to be reversible
upon cycling the voltage.

Additionally, we find protective properties of
the NaOH coating; i.e., all of the tips were able
to serve rather high currents of up to 20 pA or
more with good stability and without being
blown out. In Fig. 3 the highest current recorded
during these measurements (which is 28.7 pA) is
shown.
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FIG. 2: The FN plots of the emission characteristics of the composite cathodes show several effects. In the right
hand part of these plots, we find a mostly linear relation indicating the usual field emission behavior.
However, at increasing field strengths the graphs bend (at about 1.7 in 1000/U) and finally start slightly
decreasing, which indicates that the emission currents are bounded by an electron supply limit. The graphs of
the tips coated with the medium or thick layer show two maxima (each found at about 0.8 and 1.3 for the
thick coating as well as 0.7 and 1.7 for the medium coating), which might imply field dependent structural
reorganization of these NaOH layers. Note that the data have been recorded during voltage decrease. (The
connecting lines in the graphs are for eye-guidance only.)
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FIG. 3: The IV plots of the emission characteristics during the voltage decrease of another cycle for the emitter
coated with a medium NaOH layer. Note that the tip could be operated at a maximum emission current of

28.7 wA without being destroyed.

Conclusions

Tungsten based microemitters have been
prepared by electrolytically etching a 0.1 mm
high purity tungsten wire at two molar NaOH
solutions; 1i.e., using the same technique as
employed by Miiller in 1937. Contrary to the
standard procedure, the tips' surfaces have not
been cleaned off NaOH solution by ultrasonic
cleaning in distilled water. Thus, a layer of
NaOH remained on the surface, which provides
a novel coating material.

The presence of emission current switch-on
effects during initial voltage increase and the
rather non-linear FN plots indicate the presence
of a dielectric coating layer on the emitters’
surfaces. The nature of the current saturation
phenomenon with stable charge distribution on
the emitters’ surface is not fully understood.
Amongst other possible explanations, it could
indicate a new field emission mechanism.
Further research will be needed to clarify this
point. Nonetheless, it appears that such tips
might provide an electron source with stable
supply mechanism of saturated current for
technological application.

All of the tips were able to serve rather high
emission currents of up to 20 uA or more

30

without being destroyed. This indicates
protective properties of the NaOH layer on the
tips' surfaces.

As a further step, it might be interesting to
investigate the long-term storage stability of this
coating material. This seems particularly
relevant as — in a related investigation — we
found that TCNE, MgO and ZnO coated tips can
maintain their original properties while being
stored under standard atmosphere conditions for
more than a decade.
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Abstract: Humic Acid (HA) is an important constituent of soil organic matter that was the
subject of several environmental studies. In this work, the adsorption isotherms of Thorium
(IV) and Uranium(VI) onto Azraq Humic acid (AZHA) were studied at different
temperature and pH values. The results indicate that Thorium(IV) has higher adsorptivity
than Uranium(VI). The increasing of pH resulted in higher adsorptivity of Thorium(IV) and
Uranium(VI). In contrast to transition metals and lanthanides, such as Ni(II), Cu(II), Zn(II),
Cd(I), Hg(II), Gd(III), Ce(IlT) and Yb(III), the adsorption was entropy driven, while the
adsorption of actinides on HA was found to be exothermic and so enthalpy driven. This
leads to the hypothesis that Thorium(IV) and Uranium(IV) are encapsulated in the interior
of HA helix with their water of hydration because the interior is full with water. However,

transition metals and lanthanides are adsorbed on the exterior of HA helix.

Keywords:
Adsorption isotherms; Enthalpy; Entropy.

Introduction

Azraq Oasis is located in the eastern desert of
Jordan 100 km east of Amman and has a total
area of about 26 km?, where there is a plenty of
plants, water, animal and bird life and warm
weather. These are the best conditions for the
formation and the development of humic acid
(HA) [1, 2]. For this reason, Azraq Oasis is
considered as a national park and a natural
laboratory. It is a laboratory for studying soils,
aquifers, erosion, bird migration and planting. It
is also a laboratory for studying birds and the
distinctive human culture of the Bedouins. Also,
there is a potential pollution from the increasing
traffic on the highways passing through Azraq to
Iraq and Saudi Arabia. This is why Azraq is an
important place to be studied [3].

Humic substances (HA's), the major organic
constituents of soil and sediments, are widely
distributed over the earth’s surface, occurring in
almost all terrestrial and aquatic environments. It
arises from the chemical and biological

Humic acid; Adsorption; Thorium(IV) and Uranium(VI) metal ions;

degradation of plant and animal residues and
from synthetic activities of microorganisms. The
products so formed tend to associate into
complex chemical structures that are more stable
than the starting materials. Important
characteristics of humic substances are: their
ability to interact with metal ions, hydrous
oxides, clay minerals and organic compounds
such as alkanes, fatty acids, dialkylphthalates,
pesticides, ... etc.

HA's are amorphous, dark-colored, acidic,
predominantly aromatic, hydrophilic, chemically
complex and polyelectrolyte-like materials that
range in molecular masses from a few hundreds
to several thousands of Dalton’s [4]. HA exists
in soil and aquatic systems in either dissolved or
particulate (solid) state.

The complexation of dissolved HA from
Azraq with metal ions (pH > 4) has been studied
extensively [5]. However, previous studies on
adsorption of metal ions on solid HA (pH < 4)

Corresponding Author: F.I. Khalili Email: fkhalili@ju.edu.jo
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are restricted to few measurements of % metal
uptake by HA. Recently, the adsorption
isotherms of transition and Lanthanide metals
ions: Ni(Il), Cu(ll), Zn(Il), Cd(I), Hg(l),
Gd(II), Ce(Ill) and Yb(III) on solid AZHA (at
pH < 4) were studied in order to achieve better
understanding of interaction of metal ions with
HA. In addition, the effect of environmental
factors such as pH, temperature and ionic
strength on adsorption capacity of HA have been
studied [6, 7]. One of the important results
drawn from these works was about the nature of
interaction between transition metals,
Lanthanides and HA surface. The results indicate
that there is a significant covalent (specific
adsorption) interaction in addition to electrostatic
(nonspecific adsorption) interaction between
transition metals and HA surface. Thorium and
uranium metals have different chemistry and
higher oxidation states (IV and VI), respectively
than transition metals(Il) and lanthanides(III).
The present work’s aims are:

1. Studying the adsorption isotherms of
Uranium(VI) and Thorium(IV) metal ions on
solid AZHA at pH =1.0,2.0 and 3.0 at 25° C,
35° C and 45° C to give a better understanding
of the nature of adsorption of metal ions on
HA.

2. Comparing the chemistry of transition metals
and lanthanides interaction with HA with that
of uranium and thorium.

Experimental
Materials and methods

All reagents used in this study were of
analytical grade. Th(NO3) ,.5H,0 is from Riedel
DeHaén Chemical company Inc.,
UO,(NO3),.6H,0 and NaClO, are from Merck,
EDTA and PAR (4-(2-Pyridyl azo)resorcinol(I))
indicator are from Park, Sodium fluoride from
RiedelDeHaén, Triethanolamine from Peking's
Reagent, Sulphosalicylic acid and 35%
Hydrochloric acid from Analatical Rasayan.
Arsenazo(IIl) indicator from BDH Chemicals
Ltd. Sartorius PP-25 pH meter model was used
for pH measurements. The analytical balance
used is from Shimadzu and its type is AW120,
its readability: 0.1 mg. Shaking of samples was
done using Memmert shaker equipped with a
thermostat. UV-VIS spectrophotometer from
Spectroscan model 80DV with software UV
Win5 v5.0.5. Centrifuge model ALC PK130 was
used.
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Preparation of stock solutions

Stock solutions 2500 ppm of the two metal
ions were prepared by dissolving specific
amounts of the nitrate salt of UO,(II) and Th(IV)
in 0.1 M NaClO,and then adjusted to the desired
pH. The stock solutions were used to prepare
solutions with different concentrations. The
dilution is achieved by using 0.1 M NaClO, and
0.1 M HCIO;, solutions with different pH 1.0, 2.0
and 3.0 (to keep the ionic strength and the pH
constant for all the different concentrations
prepared).

Adsorption experiments

Batch adsorption was carried out using pyrex
glass flasks. An accurate mass of batch
adsorption was prepared using pyrex glass
flasks. An accurate mass of 0.05 g of Azraq
Humic acid (AZHA) measured to the nearest 0.1
mg was shaken with 50.0 mL of metal ion
solution at different concentrations, in a
thermostatted shaker for 24 h (which had been
found sufficient to ensure equilibrium) at 25.0,
35.0 and 45.0 °C and at pH = 3.0, 2.0 and 1.0. A
15 mL amount of the solution was centrifuged at
4000 rpm to separate solid humic from the
solution then the supernated solution was taken
and analyzed by spectrophotometer. A
calibration curve was determined using standard
samples prepared from metal nitrate in 0.1 M
NaClO, prior to measurements. Then, the
adsorption isotherms were obtained.

Spectrophotometric determination of
Thorium(IV) ions

The spectrophotometric determination of
thorium(IV) ions in the aqueous solution was
carried out as follows: Transfer of 1.00 mL of
Arsenazo(IIl) indicator to a 20.0 mL of 9.0 M
hydrochloric acid solution and add 1.00 mL of
the aqueous test solution. Dilute the volume to
50.0 mL by addition of water. Absorption
measurement was carried out using a (1.0 cm)
quartz cell within one hour of sample preparation
at a wavelength of 630 nm [8].

Spectrophotometric determination of
Uranium(VI) ions

The spectrophotometric determination of
Uranium(VI) ions in aqueous solution was
carried out as follows: Transfer of 2.00 mL of
PAR indicator to a solution containing 5.00 mL
of the complexing solution, 5.00 mL of the
buffer solution and 4 mL of the aqueous test
solution in 50.0 mL volumetric flask and diluting
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to 50.0 mL by water. Absorption measurement
was carried out using a (1.0 cm) quartz cell
within one hour of sample preparation at a

wavelength of 530 nm [9].

Results and discussion

Rate of metal ion sorption by Humic Acid

The rate of metal ions uptake by AZHA was
determined at different times (0.25, 0.5, 1.0, 2.0,
4.0, 6.0, 12.0, 18.0 and 24.0 h), with three
concentrations (10, 25 and 50 ppm) at different

pH and temperature values.

The percentage of metal ion loading by
AZHA expressed as percentage uptake was
calculated (Eq.1), where:

% Metal uptake = C; - C./ C;* 100

Ci: Initial metal concentration (ppm).

C.: The residual concentration of metal ion in
solution at equilibrium in (ppm).

The results of these experiments are shown in
Tables (1-2) and for example in Fig. 1.
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FIG. 1: Thorium(IV) and Uranium(VI) % uptake by HA at pH 1.0, 2.0 and 3.0, at T= 25°C and initial metal

concentration of 10ppm.

As shown in Fig. 1 and Tables 1-2, there is an
increase in the rate of adsorption as the pH
increases. This is due to the deprotonation of

carboxyl sites in the humic acid (HA), which
causes humic acid strands to disaggregate due to

the number of

the repulsion of negative charges and increases
sites on HA available

interaction with positively charged metals ions.

for
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TABLE 1. Thorium(IV) uptake by HA at pH 1.0, 2.0 and 3.0, from an initial concentration of 10, 25

and 50 ppm and T= 25 °C.

Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc. Conc.

Time of 10 of 25 of 50 of 10 of 25 of 50 of 10 of 25 of 50
(hr) ~ (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
atpH atpH atpH atpH atpH atpH atpH atpH atpH

1.0 1.0 1.0 2.0 2.0 2.0 3.0 3.0 3.0

0.25 8.0 1.8 33 8.0 7.60 5.2 11.2 5.2 8.3
0.50 17.0 10.5 6.0 17.0 20.1 18.6 53.3 21.2 50.8
1 25.8 14.8 10.7 25.8 42.4 45.5 62.0 55.0 62.0
2 28.8 16.5 19.6 353 65.2 69.2 76.5 67.0 76.1
4 39.2 23.2 25.6 39.2 78.4 81.9 87.1 77.6 83.2
6 42.9 28.4 27.3 40.3 86.0 83.3 86.7 82.9 87.4
12 64.7 34.8 24.7 38.8 80.0 83.1 88.6 85.1 86.3
18 59.0 44 4 234 39.7 79.5 83.3 90.3 86.9 85.5
24 61.0 42.8 24.1 37.7 80.2 83.1 89.3 86.0 87.0

TABLE 2. Uranium(VI) uptake by HA at pH 1.0, 2.0 and 3.0, from an initial concentration of 10, 25

and 50 ppm and T= 25 °C.

Conc. | Conc. | Conc. | Conc. | Conc. | Conc. | Conc. | Conc. | Conc.

Time of 10 of 25 of 50 of 10 of 25 of 50 of 10 of 25 of 50
(hr) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm) | (ppm)
atpH | atpH | atpH | atpH | atpH | atpH | atpH | atpH | atpH

1.0 1.0 1.0 2.0 2.0 2.0 3.0 3.0 3.0

0.25 4.6 0.0 5.4 9.0 0.8 1.4 8.0 10.8 20.3
0.50 7.9 0.4 7.3 17.0 3.6 2.6 17.0 35.0 25.5
1 10.1 1.6 8.0 25.0 5.2 7.8 37.5 56.6 52.7
2 28.8 4.0 17.3 29.0 10.8 15.8 64.3 84.4 77.3
4 13.3 9.2 21.5 35.0 29.2 19.8 71.6 87.3 80.8
6 15.8 20.4 24.6 41.0 40.4 26.0 72.1 87.8 79.3
12 16.5 21.2 26.1 44.0 40.8 28.4 71.2 85.4 76.2
18 17.6 22.4 26.4 43.0 42.8 30.2 70.9 86.2 79.2
24 17.2 22.8 26.9 47.0 42.0 29.2 71.4 85.3 80.0

Adsorption isotherms

The adsorption isotherms were determined
for Thorium(IV) and Uranium(VI) at different
pH values (1.0, 2.0 and 3.0) and temperatures
(25 °C, 35 °C and 45 °C). The adsorption
isotherms results were analyzed by using the

following linearized Langmuir [10] and
Freundlich isotherm [11] equations:

Langmuir isotherm:

c/q=1/(gmKy) + (1/qm) ¢ (1)
Freundlich isotherm:

Logg=log K¢+ (1/n) logc 2)
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Therefore, a plot of c¢/q versus ¢ gives a
straight line of slope (1/qm) and intercept 1/(qm
Ki), and a plot of log q versus log ¢ gives a
straight line with a slope 1/n and intercept log K
as shown in Tables (3-4) and Figures(2-3) for
example. Where K; parameter is related to the
strength of the adsorbed ion— adsorbent binding
(i.e. Thorium(IV) ions—HA), qm is the saturation
adsorption capacity, Kr is a parameter related to
the adsorption capacity and n is a measure of
adsorption intensity [12, 13].
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FIG. 2: Plots of (a) adsorption isotherm of Thorium(IV), (b) linearized Langmuir, (c) linearized Freundlich at pH

=1.0 and T=25 °C.
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FIG. 3: Plots of (a) adsorption isotherm of Uranium(VI), (b) linearized Langmuir, (c) linearized Freundlich at pH

=1.0and T=25°C.

TABLE 3. The R?, qm, K, Ky and n values obtained from Langmuir and Freundlich plots for Thorium

(Iv).
T(°C) Langmuir model Freundlich model
R’ qm K. R’ K n
(mmol/g) | (L/mmol)
pH=1.0, 25 0.990 0.168 25.0 0984 | 0315 | 2.172
35 0.969 0.117 233 0.947 | 0.168 | 2.778
45 0.982 0.108 20.8 0.881 | 0.144 | 2.904
pH=2.0, 25 0.927 0.425 20.0 0.945 | 1.345 | 1.558
35 0.985 0.354 51.5 0.957 | 1.089 | 1.961
45 0.984 0.324 41.8 0.953 | 0.901 | 1.959
pH=3.0, 25 0.927 0.824 17.8 0.990 | 4.933 | 1.230
35 0.975 0.896 17.1 0.999 | 5.049 | 1.240
45 0.924 0.934 15.1 0.982 | 5.244 | 1.208
The estimated parameters of the adsorption  almost the same heat of adsorption. The

isotherms, calculated from the intercepts and
slopes of the corresponding linear plots for
Thorium(IV) and Uranium(VI) adsorption onto
HA at different temperatures, together with their
correlation coefficients (R?), are given in Tables
(3-4) at different pH values (1.0, 2.0 and 3.0).
The correlation regression coefficients (R?) have
been determined for each isotherm. Their values
are very good for Freundlich and Langmuir
models. The applicability of Langmuir equation
is an indication of the homogeneous sites of
interaction utilized by metal ions that have

correlation regression coefficient (R*) has been
determined for each isotherm. In general, the
Freundlich correlation coefficients are higher
than the Langmuir correlation coefficients;
consequently, it would appear that the
Freundlich equations give a better representation
of experimental isotherm data as shown in the
previous Tables (3-4). This suggests that the HA
contain both homogeneous and heterogeneous
surfaces with more heterogeneous sites.
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TABLE 4. The R?, qm, K;, K¢ and n values obtained from Langmuir and Freundlich plots for

Uranium(VI).
T(°C) Langmuir model Freundlich model
R’ qm K. R’ Ky n
(mmol/g) | (L/mmol)
pH=1.0, 25 0.970 0.079 8.20 0.974 | 0.107 | 1.948
35 0.965 0.067 7.86 0.991 | 0.0844 | 2.037
45 0.973 0.066 7.09 0.930 | 0.0950 | 1.726
pH=2.0, 25 0.870 0.351 4.83 0.958 | 0.664 | 1.277
35 0.871 0.331 3.33 0.980 | 0.489 | 1.255
45 0.942 0.283 3.26 0.990 | 0.381 | 1.313
pH=3.0, 25 0.954 0.335 9.37 0.943 | 0.734 | 1.478
35 0.944 0.455 4.88 0.993 | 0.813 | 1.317
45 0.978 0.627 2.84 0.997 | 0997 | 1.187

The estimated parameters of the adsorption
isotherms, calculated from the intercepts and
slopes of the corresponding linear plots for
Thorium(IV) and Uranium(VI) adsorption onto
HA at different temperatures, together with their
correlation coefficients (R?), are given in Tables
(3-4) at different pH values (1.0, 2.0 and 3.0).
The correlation regression coefficients (R”) have
been determined for each isotherm. Their values
are very good for Freundlich and Langmuir
models. The applicability of Langmuir equation
is an indication of the homogeneous sites of
interaction utilized by metal ions that have
almost the same heat of adsorption. The
correlation regression coefficients (R?) have
been determined for each isotherm. In general,
the Freundlich correlation coefficients are higher
than the Langmuir correlation coefficients;
consequently, it would appear that the
Freundlich equations give a better representation
of experimental isotherm data as shown in the
previous Tables (3-4). This suggests that the HA
contain both homogeneous and heterogeneous
surfaces with more heterogeneous sites.

Depending on the values of gm and n in
Tables (3-4), the adsorption of Thorium(IV) has
higher adsorptivity and is more favorable than
Uranium(VI) metal ions onto AZHA at the same
pH and temperature [14, 15]. This may be due to
that it has larger ionic radius (small hydrated
radius) and charge than Uranium(VI) in the
uranyl ion (UO,”") and this causes stronger
electrostatic interaction.

TABLE 5. Chemical properties of metal ions.

Comparing adsorptivity

To compare the chemistry of transition
metals, Cu(Il) and Ni(II) [6] and lanthanides,
Gd(I1I), Ce(III) [7] interaction with HA with that
of Uranium and Thorium, the following trends
were observed:

At pH=3.0,25°C
Ce>Th>Gd>Cu>U>Ni

gqm = 0.951 0.824 0.798 0.451 0.455 0.336
At pH=3.0, 35 °C
Ce>Gd>Th>Cu>U>Ni
qm=1.150.928 0.896 0.489 0.455 0.380
At pH=2.0,35°C
Ce>Gd>Th>U>Cu>Ni

qm=1.08 0.787 0.354 0.331 0.182 0.251
At pH=2.0, 25 °C
Ce>Gd>Th>U>Ni>Cu

qm = 0.828 0.561 0.425 0.351 0.234 0.163

Table (5) shows the ionic radius for the above
mentioned ions. Interestingly, the adsorptivity of
metal ions (qm) on AZHA was found to be
directly proportional to the ionic radius (for
example, Figures (4-5)). This is due to the
decrease of hydration energy (AHh) as the ionic
radius increases [16]. Increasing the hydration
energy due to the increase in the hydration shell
makes it more difficult for metal ions to
discharge the water of hydration and bond to HA
surface.

Metals Th(IV) | UVI) | Ce(Il) | GA(II) | Cu(Il) Ni(II)
Coordination number 8 7 7 7 6 6
Tonic radius (A) 1.19 0.97 1.21 1.14 0.87 0.83
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The adsorptivity is highest for the metal ion
that has the largest radius as shown in Figures
(4- 5). This can be explained by that in aqueous
medium the metal ions exhibit strong hydrolysis
and a distinct lowering of pH is noted when the
salts of these elements are dissolved in water.
The formation of aqua complex [M(OH,),]"
takes place (where m is larger than six, perhaps
eight or nine). The aqua complex, having m H,O
molecules surrounding the central ion, has a
definite structure and the cloud of water
molecules (hydration shell) has different
geometry than the rest of the water. Thus, when
say M(NQ;), salts are dissolved in water, there
will be wvery little attraction between
[M(OH,),,]"" and the solvated NO;s™ ion. Unless
the other ions or ligands have a strong structure-
breaking influence, the sheath of water molecule

will protect the metal ions from influence of
other anions or ligands. When complexes are
formed, the approach of a ligand will interfere
with the hydration shell and the ordered
geometry will break down [17]. So, metal ions
with smaller radius will be surrounded by a
stronger hydration shell than those with larger
radius. This makes the bonding with HA more
difficult, and the adsorptivity decreases. The
adsorptivity (qm) values have no correlation
with the charge density (charge/radius) of the
metal ions. It is worthy to mention that the
charge of metals ions is not the limiting factor in
determining the adsorptivity of metal ions. This
leads to the assumption that -electrostatic
interaction is not the predominant factor that
determines adsorptivity.
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FIG. 4: The relation between qm determined from Langmuir plots and the ionic radius of metal ions at pH = 3.0

and T =25 °C.
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FIG. 5: The relation between qm determined from Langmuir plots and the ionic radius of metal ions at pH = 3.0

and T =35 °C.

From Figures (4-5), the metal ion that has a
large ionic radius has small hydrated radius, it
will have better fitting into the hypothetical
cylindrical structure of humic acid, and qm will
increase.

The effect of pH

Generally, as pH increases, adsorption
increases. This is noticed by the increased values
of gm with increasing pH, as we can see in
Tables (3-4) and Figure (6) which represents the
values of gm for Thorium(IV) and Uranium (VI)

metal ions at different pH values. As the pH
increases from 1.0 to 3.0, the degree of
dissociation of carboxylate groups increases (pK.,
4.19) and the negative charge on HA increases,
which will lead to more electrostatic interaction
with metal ions. Thus, it seems that there are
other binding sites like carbonyl, alcohol and
thiol groups which become important at this pH
range, so the active sites of HA become more
exposed to metal ion interaction.
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FIG. 6: The pH dependence of gm for Thorium(IV) and Uranium(VI), pH=1.0-3.0 at T= (a) 25 °C, (b) 35 °C,

(c) 45 °C.

The effect of temperature

From Langmuir equation, K, values were
calculated at different temperatures. From the
data in Tables 3- 4, the relation between In K;
and 1/T was plotted at pH = 1.0 and 3.0 as
shown in Figures (7- 8) below, and from the
van’t Hoff equation, AH and AS were calculated
for Th(IV) and U(VI) as shown in Table (6).

However, from Table (6), and Figs. (7- 8), the
adsorptivity process is enthalpy driven for
Uranium(VI). On the other hand, the adsorptivity
process is enthalpy and entropy driven for
Thorium(IV). It is clear that qm values decrease
with increasing temperature at pH = 1.0 and pH
=2.0.
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FIG. 7: The relation between In K; and 1/T, where T = (298K, 308K and 318K) at pH = 1.0.
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FIG. 8: The relation between In K; and 1/T, where T = (298K, 308K and 318K) at pH 3.0.
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This indicates that the interaction between
metal ions with HA is exothermic. This is in
contrast to that observed in the case of transition
elements [6] and lanthanides [7], which have
been found to have an entropy driven interaction
with HA. This indicates that the discharge of
water of hydration is not important in the case of
actinides due to the high charge on the metal
ions.

This leads to the hypothesis that Thorium(IV)
and Uranium(VI) are encapsulated in the interior
of HA helix with their water of hydration
because the interior is full with water [18].
However, Copper(Il), Nickel(II) and Gadolinium
(IIT) are adsorbed on the exterior of HA helix as
shown in Fig. 9.

TABLE 6. Enthalpy and entropy values for the adsorption of Thorium(IV) and Uranium(VI) onto

AZHA.
pH=1.0 PH=3.0
Metals Th(IV) | U(VI) | ThV) | U(VI)
AH(Kmol) | 7224 | -5.701 | 6.447 | -46.918
AS(JK'mol™) | 2.584 | -1.552 | 2.407 | -138.9
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FIG. 9: Part a. Schematic view of the secondary structure of a HA strand [18]. Part b. Suggestion for loaded HA

strand with different metal ions.

Conclusion

* The adsorptivity of metal ions (transition,
lanthanide and actinide) on HA is directly
proportional to the ionic radius of metals ion.
Large size metal ions like Cerium(Il),
Thorium(IV) and Uranium(VI) fit the large
hollow interior (4 x 10 A) of the rod like
structure of helical strand of HA, Fig. 7 [18].

* As pH increases, the adsorptivity (qm) of metal
ions increases.

* The order of adsorptivity onto AZHA for
Thorium(IV) is greater than for Uranium(VI).
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Abstract: Selected heavy metals and water-soluble cationsaiwhs in street, playground
and indoor dust samples in the kindergartens (K@Ss)Amman area-Jordan were
determined by using flame atomic absorption spewtter and ion chromatography. To
achieve this aim, dust samples were collected fB8different KGs at 4 different sites
during summer season. It was found that the aversgklevels of Cu, Zn, Pb, Fe and Mn
in street dust were 23.45, 188.47, 148.05, 8828r@8B67.73 mg/kg, respectively. While for
outdoor dust samples, the levels were 4.63, 1271888, 8361.10 and 57.83 mg/kg, and
finally, for indoor dusts were 23.51, 262.78, 71.8866.14 and 51.28 mg/kg, respectively.
The anions; F CI, NO; and S@* and the cations; NaK*, C&* and Md* were analyzed
by ion chromatography (IC). The results showed thete were high levels of these ions in
all dust samples. The physiochemical properties; rpbisture and organic matter content
were also determined. The accuracy of results éawvip metals was examined by analysis
of a standard reference material (SRM). Pearsoifficieait was used to measure the
correlation between the ions and the heavy mataddl the sites. ANOVA was also used to
study the relation between the type of site anchtrevy metals content.

Keywords: Heavy metals; Indoor, outdoor and street dust;d&igartens; Major ions;
Amman-Jordan.

Introduction

Heavy metals are natural constituents of th
earth-crust and emitted to the environment b;ﬁ
different ways; combustion of fossil fuel and

J1ea|th and the environment has risen sharply
ver the past decades, so there is arising public
ealth interest in possible effects of heavy metals
road traffics, tears of tires, corrosion of builglin on t_he human health. Many Investigations were
carried out to determine the levels of heavy

materials, automobile bodies, brake Iining’metals in different sites and materials worldwide
industry and human activities, then settled in. '

soll, water, air, dust and sediments. [1, 2_6]'1?edltje?;rt]i%:n Eg?dstrsé((je? dii?lgqnedmso[igi [QS]OILU?::n
Increasing industrialization has been I ' !

accompanied throughout the world by theblOOd [10], indoor air [11], children hair [12],

extraction and distribution of mineral substance sewage sludge [13], sediment core [14], air [15],

from their natural deposits. Many of theseSnuman teeth [16] and food [17].

substances have undergone chemical changes Heavy metals can inter human bodies through
through technical processes, and finallymany ways; the common modes of intake of
dispersed in solutions, by way of effluent, external materials are inhalation of air into the
sewage, dumps, dust, into the water, the eartlungs, ingestion of food, water and at times non—
and the air and thus into the food chain [1].food items into the gastrointestinal system and
Thus, the threat posed by heavy metals to humatnansfer through the skin, also intravenous,

Corresponding Author: R. Z. Al Bakain Email: ramia.bakain@yahoo.com
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intramuscular and vaginal routes. Food isof gas stations around and road type. The
digested in the stomach by enzyme hydrolysis t@ampling sites are illustrated in Fig. 1. The first
produce small molecules which are absorbableset of sampling sites An; A1-A10 were: Wadi
The pH values of the stomach fluids are around Al-Seer, Sweifieh, Abdoun,"7and &' circles

to 3 due to the presence of HCI. The digesteavith medium and steady traffic are free from
materials move into the duodenum and the smaihdustries with new house structure compared to
intestine, where the pH is around 6 to 7. Thethe others. The second set Bn; B1-B10 were: Al-
materials on the surface of the gastrointestinahshrafiye, Hai-Nazal (east and west) and Jabal
tract may be absorbed into the walls and into thél-Taj, with almost old structure buildings
blood stream. placed close to each others, nearby roads and
Identification the toxicity and the percentageflhefrn dses'gpag':]émél'?é;'g s\?vrgrznell/?grizrh?ggblhe
of heavy metals in the location we five in is Tabarbour and North Al-Hashimi, an area with

important, especially on children who are morehigh traffic density. Sampling sites number four
likely to ingest quantities of dust than adultshwit Dn; D1-D8 were the downtown regions: Al-

their habit of placing dirty fingers and objects OfHussein, Al-Abdalli, Al-Shmeisani and Al-

all kinds into their mouths (mouth- to -hand),,, .
o . Weibdeh, that are located in the center of the
activity [1], so they are more susceptible tocity, near high traffic routes, with high density

intake of toxin than adults [18]. Preschool vehicular traffic and large traffic stations with
children under the age of five are particularly . 9
glesel—powered buses.

vulnerable to heavy metal poisoning because o
development and behavioral consideration. Th&Sample collection procedure
maximal brain growth and differentiation are

found in the first few years of life. Samples of indoor, outdoor and street dusts

were collected during summer season prior to

In this study, Amman had been chosen, thgain season to avoid washing of the heavy
capital of the Hashemite Kingdom of Jordan,metals. Indoor dust samples were collected from
located in the center of Jordan. It is the denseghe classrooms by using electrical vacuum, with
city with a population of about 2.2 millions and clean and pre-washed paper bags, and then kept
consists of two main parts: (the new Amman =in polyethylene bags until the time of analysis.
the west) and (the old Amman = the east). Théutdoor dust samples were collected from the
environment of Amman is influenced by naturalplaygrounds and the entrance by gently
emissions due to the geological location as welsweeping the surface with a clean broom. The
as man-made sources, such as vehicle emissiormllected dust was transferred to a plastic scoop
industrial waste and emissions. Therefore, in thisvith the aid of a nylon brush and placed into pre-
study we intend to: washed bags until the time of analysis. Finally,
street dust samples were collected from the
‘nearest street to each KG in the same way used
for outdoor dust sample collection.

- Evaluate the levels of heavy metals (Zn, Cu
Pb, Fe and Mn) in the dust of 38 different
kindergartens.

- Measure the levels of the cations?Cag?*,  Sample pretreatment
NH,*, Na" and K, and the anions: NQ F,
Cl, PQ®, Br and S@ in street dust and
compare them with those in outdoor and Moisture content was determined by

Moisture and organic matter content

indoor dusts. weighing around 1.0 g of the dust samples, and

then heated in an oven at 105°C for 12 hours.

Experimental conditions The weight loss was calculated based on the
i i difference between the final and the initial

Sampling sites weights. The same samples were transferred into

Thirty eight KGs from sixteen sites were @ furnace at 550° C for 4 hours, in order to
chosen as sampling sites in Amman. These sitedetermine the organic matter content, which was
represent different possible sources of pollutiorthen calculated gravimetrically based on the
with different: geological type of area, cleaningWweight difference.
mode, heating system, age of building, presence
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FIG. 1: The map of sampling sites in Amman.
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pH measurement Determination of heavy metals was carried
out using flame atomic absorption spectrometer
(FAAS) (Varian 55B). The manufacturer's

recommended procedures were followed
throughout this work.

The pH values of the water extract of dust
samples were determined in milli-Q water (1: 2.5
wt/v) using polypropylene test tubes, with pH-
meter (WTW, PH 523, Weilheim, Germany)
after being calibrated at pH 4 and 7 bufferRunning conditionsfor the analysis of ions

solutions at room temperature. A standard mixture of six anions’, EI, Br,

Water soluble anions and cations NO;, PQ* and S@ with the following
Extraction of anions and cations was Carrieaconcentranons: 200, 300, 1000, 1000, 1500 and

. 1500 ppm, respectively of standard stock
out by adding 15 ml of water to 0.7 g of dust olution (Dionex, California) was used to

sample. Then the mixture was heated at 95° C for ;
2 h by using test tube heater, sonicated for 3 repare our standa_rd solu‘uons., based on the
! ollowing concentrations of fluoride: 1, 2, 4, 8

minutes in ultrasonic bath at 50° C, filtered, . . . )
diluted with water, then transferred into a”‘i' 16 pP m.+A stazrldard m|g+ture of five cations:
polyethylene sample bottles and stored at 4° ngNggéoK énl\élgloggg c mOf rigoce)(,:tiét/%?o’ of
until the time of analysis. Blank solutions were d d K soluti ppm, FI)'f /ey,
then prepared in the same way as employed ftandard stock solution (Dlonex_, California) was
the real samples used to prepare standard solutions based on the
ples. following concentrations of sodium: 1, 2, 4, 8,

Acid-extractable fraction of heavy metal 16, 20, 30 and 40 ppm.

Extraction of heavy metals in dust samplesvalidity and quality control
was carried out by weighing around 0.7 g of dry
sample. 15 ml of concentrated HMGhigh
purity) was added in 50 ml polypropylene testr
tubes, heated for 2 h at 95° C in a water bath :
sonicated for 30 minutes in ultrasonic bath at 505hater|als (SRM) were used. Blanks were

C. then centrifuged for 15 min at 1000 rpm. Theprepared in a similar manner to that of the real
sample was diluted with 1% HNO Blank samples and were analyzed before each

solutions were prepared in the same way agggzur\?v?gﬁ n%ﬁl:iféﬁté:ctl(?]ns_anzd) a?oarlyseusal\?{ere
employed for the real samples. P y quality
assessment, and the average results were

Chemicals and instrumentation reported. Analysis of SRM was conducted by

All glassware and test-tubes used Weretested analytical method and comparison of the

initially cleaned with soap, washed thoroughlyresults obtained with the certified values. In this

with tap water, rinsed with distilled water and study, .SRM (3.0” 7). was subjected to the
socked in 10% HN@ (viv) overnight, extraction (duplicate trials) and then the results

respectively.  Centrifuge  (MSF Mior3s. Were reported as the percent of recovery for Fe,

England), Furnace (Nebertherm, N5/RL, Cu, Pb, Zn and Mn.
Germany), oven (Mipo/5/SS/EC, England), . .
water bath shaker (D-3162, KottermannR€Sults and discussion

laboratechchnike, 3047, West Germany) antbhysico-chemical properties of street, outdoor
Ultrasonic bath (Quantrex 210H) were used. and indoor dust samples

All the reagents were of analytical grade Moisture (Mois), organic matter content
purity, HNG; assay 65% (Scharleau). (OM) and pH are some of the common physical
Determination of anions and cations was carriednd chemical soil properties that can influence
out on DIONEX (DX-100), USA, lon the presence of metals in the environment. They

chromatographic system (IC). 2804.0 mm ID,  \were determined for the street, outdoor and
DIONEX AS4A-SC and 250 x 4 mm ID, indoor dust Samp|es_

DIONEX CS12 columns, with mobile phases of i ) L
(1.8 mM NaCO, + 1.7 mM NaHCQ) and (20 pH is a test for measuring binding strength
mM Methanosulfonic acid), respectively, were and potential mobility of heavy metals in soil

used for anion and cation measurements. [19-21]. 1t has an influence on the form and
other parameters affecting the concentration,

To estimate the analytical precision and
accuracy of analytical results, reagent blanks,
eplicate samples and standard reference
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mobility, transformation and the presence ofconstructions that were built during sample

organic matter [21]. Changes in pH results in acollection. For outdoor samples, the highest
transfer of elements from one phase to anotheralue of all sites was for B1, and for indoor

may thus influence the mobility of heavy metalssamples it was for A10 due to the intensive daily
in the soil [9]. Metal solubility increases at low cleaning in these kindergartens with detergents
pH values [10]. For example, Pb precipitatesthat are almost alkaline. On the other hand, the
when pH> 7 [22-24]. The results in this study lowest pH value for street, outdoor and indoor

showed that pH values in the KG soil sampledust pH samples was for B9, B7 and D4,
were neutral to sub-alkaline values for all the®SPectively. This was referred to traffic
sampling sites (pH > 7). There was no significan€Missions that emit acidic oxides as ¢SO
difference in pH values in all the studied sites'€@ding to lower the pH values [26].

(An, Bn, Cn and Dn). For street, outdoor and The moisture content of the different types of
indoor dust samples, the average values of pH &amples is presented in Table 1. No wide
all the sites were 7.64, 7.54 and 7.19, withyariations in moisture content values were
ranges of 7.00 — 9.26, 6.62 — 10.04 and 5.65 shown between inside, outside KGs and street
10.88, respectively. The reason behind this iglust samples. The highest overall average was
that the nature of soil in Jordan is almostfound for the inside samples (1.88%), and the
calcareous (high carbonate content,) whichowest was for outside samples (0.76%). This
enhances the pH values [25]. CaQfdovided a could be related to the lack of sunlight and lower

buffer against the mobilization of heavy metalstemperature inside the kindergartens which
such as Pb [22]. The highest value of pH in streeiecrease the evaporation rates.

dust samples was in A4 due to the new

TABLE 1. Physiochemical properties: organic contantl moisture for street, outdoor and indoor
samples with their standard deviations.

OM% Mois% OM% Mois% OM% Mois%

KG In S.D. In S.D. Out S.D. Out S.D. Street S.D. Street S.D.
An 1498 7.28 0.83 0.20 2.72 279 1.01 1.38 5.12 253 0.86 0.75
Bn 46.39 6.06 4.25 4.00 3.97 3.14 0.46 0.34 1222 449 1.08 0.71
Cn N.A°  NA NA NA 476 524 095 1.11 872 264 086 1.27
Dn 534 184 056 030 4.77 540 0.63 0.69 13.81 1154 0.90 0.94
Mean 22.24 506 188 150 4.06 4.14 0.76 0.88 9.97 530 0.92 0.92
Min.  3.77 0.22 0.65 0.03 1.63 0.11

Max. 56.16 11.40 15.29 3.87 32.92 4.47

The average organic matter content in all thedue to the usage of oil for heating in most of the
sites in street, outdoor and indoor dust sampleKGs in these sites and also as a result of the high
was 9.97%, 4.06% and 22.24%, respectively, afood residues that fall down from children with
illustrated in Table 1. The order was similar tolow cleaning rate.
that for the moisture content, indoor > street >Water soluble anions and cations
outdoor. This might be due to the high organic
contamination inside the KGs because of the For anions, P¢f and Bf were not detected in
paints and food residues, while for streetall dust samples, while for cations, Niwas not
samples; it might be due to the high traffic detected as shown in Table 2. The table indicated
volume and car emission. The order of values irthat SQ* was the dominant anion in street and
all the sites for street dust samples was Dn > Boutdoor dust samples which might be due to the
> Cn > An, for outdoor samples the order wastype of motor vehicles, mainly diesel powered
Dn > Cn > Bn > An and for indoor samples it buses and trucks. For indoor dust samples, ClI
was Bn > An > Dn, while Cn was not analyzedwas the highest due to table salt (NaCl) and the
due to low sample amount. Site Dn has thdood residues that fall down. The highest value
highest values in the street and outdoor samplefer cationic species in all the sites of street and
due to the high traffic density in these sites. Fooutdoor dust samples was for®Cahis outcome
indoor samples, Bn showed the highest valuesould be due to the type of soil which exists in
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the studied sites with calcareous nature. Fovehicles used, mainly diesel powered bus and
indoor dust samples, Naas the highest, due to trucks [27]. However, Fin street dust is
the children food components such as chipsattributed to dust from phosphate raw materials
biscuits and table salt of high levels of sodiumcarried by automobiles and from natural soil [27]
that falls down. Site Bn showed the highestsince the crude oil used in Jordan is of relatively
concentration of S¢ due to the type of motor high sulfur content ranging from 2-8% [27].

TABLE 2. The average concentrations for cationsamdns (mg/kg) in all sites.

K Na- NH, Mgt ca¥ NOy F Br cr pog sof

An | Indoor 830 5201 274 246 1980 469 326 50 3258 114 2305
S.D 590 3215 185 340 2141 303 373 18 2762 65 2273
Outdoor 86 409 35 133 705 360 17 12 523 102 700
S.D 91 408 11 135 406 334 9 7 734 53 555
Street 373 616 73 101 1741 173 29 17 800 97 1357
S.D 379 251 24 50 984 55 9 10 200 51 632

Bn | Indoor 2293 5611 1303 511 1539 623 810 ND 5479 168 3170
S.D 631 1739 748 103 485 409 394 N.D 1605 113 1965
Outdoor 271 449 165 123 1128 417 34 N.D 382 612 761
S.D 91 408 1 135 406 334 9 N.D 734 53 555
Street 817 1227 381 390 1842 80 42 ND 1427 ND 1519
S.D 733 718 252 174 895 27 19 N.D 629 N.D 735

Cn | Indoor 1713 5555 1356 348 1036 91 1113 154 5921 274 2104
S.D 1003 1525 783 129 451 53 847 89 2138 158 774
Outdoor 230 611 183 159 770 320 25 N.D 679 135 643
S.D 200 400 99 109 360 369 11 N.D 517 63 468
Street 201 081 272 154 1171 240 29 0 1325 ND 1046
S.D 125 338 86 124 481 154 15 0 695 N.D 430

Dn | Indoor 868 3216 185 214 1896 575 373 ND 1933 287 2670
S.D 735 2608 76 162 1656 414 470 N.D 1618 117 2939
Outdoor 272 447 247 86 826 496 30 7 589 145 653
S.D 551 493 121 42 749 543 17 3 852 90 805
Street 471 022 273 215 1546 242 91 58 1355 71 1427
S.D 372 907 143 146 805 191 179 20 1183 118 1004

NO;" might come from the type of fuel used, Cu, Mn and Fe was 97.4%, 117 %, 115 %, 90%
mainly diesel powered buses and trucks [27], s@nd 103.2%, respectively as shown in Table 3.
results showed high values of B@r street and
outdoor dust samples in the site Dn due to th%o
high traffic density when it is compared with the
other studied sites. The normal range of;NO®

The results in Fig. 2 showed the average
ncentration of heavy metals in different street,
outdoor and indoor dusts samples. Street dusts in
i sites An have the highest concentration levels for
the atmosphere is 0.1-10 uj/n{Z?]. To Pb, Fe and Mn, while Dn showed the highest

conclude, the high levels of water soluble anion%evels of Cu and Zn. KGs in An sites are located
and cations were mostly due to their associationgn the major streefs or nearby crowded major

in  soluble  natural compounds  [28-29]. streets at about 20-50 m, so Pb sources come

Furthermore, the use of local water for washingrrom automobile emissions [9, 21, 30], while Fe
floors might be a source of cations and anionsélnd Mn in street dusts c,omé frc;m metal

since itis full with ions. corrosion, such as of the bodies of automobiles
Total heavy metals evaluation [31-32]. The highest content of Cu and Zn was
found in Dn sites. This may be due to the

In order to assess the accuracy of the resultsresence of a bus station near these KGs with
obtained by the analytical method used in th'{igh waffic density, since Zn exists in the

study, two methods were used; blank solution

and standard reference materials (SRM). SR,\ﬁlutomobile door panels, _carburettors and pumps,
soil 7 was subjected to the same extractioﬁNhere Cu can be found in buses (bars, windings

(triplicate trials) of the real samples. The N motor and generator). This may increase the
recovery of heavy metals in soil 7 for Zn, Pb’levels of Cu and Zn [33].
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TABLE 3. Analysis of heavy metals (mg/kg) for SRb&Il -7.

Element DL* Certified value Measured value Reco%ery
Fe 0.30 25700 26521 103.2
Cu 0.002 11 12.7 115
Pt 0.00¢ 60 70.2 117
Zn 0.002 104 101.3 97.4
Mn 0.03 630 566 90

DL*: is the minimum detection limit of 6 samplémg/L).
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FIG. 2: The average total concentrations (mg/kd)edvy metals in all sites, An: (Al to A10), Bn:l(B B10),
Cn: (C1to C10) and Dn: (D1 to D8), for street,dmdr and indoor dust samples.

For outdoor dust samples, Dn showed theEnrichment factor for street dust

h?ghest I_evels f_or a!l heavy met_als due to the The enrichment factor (EF) for heavy metals
high traffic density with a bus station [33]. gives an indication of the degree of pollution of
For indoor dusts, Dn has high contents forthe dust by these metals in Amman city. Iron
Cu, Zn and Pb due to high traffic density and busvas used as a reference element because it is a
stations. While for Mn; An showed the highestcrust — dominated element [21]. The enrichment
levels due to high corrosion of automobilefactor was computed in accordance with the
bodies since the majority of KGs in An sites areformula reported by Mason [34].
located along the major streets.
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[ G/ Cre laust that each pair of ions has the same source/s, e.g.
EF = in this study high levels of Cland Na were
[ G/ Cre lerust found in indoor dusts, which may be due to their

same source which is: table salt. While for street
dusts, the high levels of ions may be due to high
[ Cx/ Cee Jaust: the ratio of the concentration of dissolved salt deposited on the surface from the
the metal being determined,jGo that of Fe vaporization of water.
(Cre) in the dust samples.

where:

Pearson correlation between heavy metals in
[ Cx / Cre Jenst: the ratio of the concentration of each site (indoor, outdoor and street) dusts was
metal X to that of Fe in the earth crust. calculated, which showed that there are no

Enrichment factors less than 2.0 are notcorrelation between heavy metals in indoor
considered significant, because such smal usts, where for outdoor dusts there are high
enrichment may arise from differences in thecor;e:?t'on_s geé\gleenéz?) \E/.?L PD) andt_(Fel VS_I‘_th)
composition of local soil material and reference®> '01'OWS: (0.62) and (0. ),_respec vey. 1his
soil used in EF calculations. The three™@y Sudgest that these pairs have the same
contaminated categories recognized were bas urce which is: automobiles [36]. The street

. ) usts have also high correlations between (Fe vs.
on the enrichment factor values as: (EF10)  pyyanq (P vs. Cu) as follows: (0.45) and (0.47),

less enriched, (1&< EF < 100) intermediately which indicates that automobiles are the
enriched and (EF> 100) highly enriched. common source of these heavy metals [36].

Enrichment factor values for heavy metals in all Also, Pearson correlation coefficients were
sites for street, outdoor and indoor dust samplegalculated between heavy metal contents of sites
are summarized in Table 4. (indoor vs. outdoor), (indoor vs. street) and
(outdoor vs. street), which showed that there

TABLE 4. Enrichment factor values for heavy were correlations between Mn and Mn in indoor
metals in street dust samples. and each of street (0.38) and outdoor dusts
Cu Zn Pb Mn (0.38), also between Pb indoor and outdoor dusts
Indoor 0.48 1152 7.30 0.53 (0.41). These results may be due to the common
Outdoor 399 3535 4855 037 source of these heavy metals in streets, which is

Street 260 16.01 63.44 0.42 autc_)mobiles [32] that may influence the

environment of indoor and outdoor KGs.

The results indicated that the highest
enrichment factors observed in dust samplesre(one'way ANOVA, followed by (Post Hoc

were for Pb and Zn due to the presence of the st, Tukey HSD) were used o st_udy the
. relation betweenthe types of sites (indoor,
anthropogenic sources of these metals, such as

. . . outdoor and street dusts) of KGs and heavy
traffic in street and outdoor sites. For indoor
metal contents. It was shown that there were
samples, the transfer of these metals from, .
; . o ifferences between heavy metal contents with
outside, in addition to some sources presen

inside, might be the reasons of the high EF. Mnchanglng the type of site, except for Mn.

was less enriched in all samples which is an The relation between the student’s number

indication of crustal contributions [35]. inside KGs and heavy metal contents was
determined by T-Test. No relation was found
Statistical analysis between Cu, Pb, Zn and Mn concentrations with

. - number of students inside KGs: 0.416, 0.063,
Pearson  correlation  coefficient betweeno_611 and 0.729. Where for Fe concentrations
anions and cations was computed in all sitegor6 s 5 significantelation between Fe levels
(indoor, outdoor and street) to measure the,qy nymper of students inside KGs (0.001).

degree of correlation between the ion
concentrations. High correlation coefficients
were found between (Qls. N&), (K vs. M),
(NH;" vs. K), (F vs. K), (CI' vs. K), (NOy
vs.C&"), (CI vs. F) and (Bf vs. F) with
correlations of (0.69, 0.65, 0.60, 0.64, 0.51, 0.74
0.66 and 0.53), respectively. This may suggest
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Conclusions 3- Organic matter was found in a high value for
indoor dust samples due to high organic

Based on the results of the current study, the g tamination.

following conclusions were obtained: _ o
4- For cation analysis, high levels of Cavere

1- Average pH values for street, outdoor and  fonq for outdoor and street dust samples due
indoor dust samples were neutral t0 sub- 1 the calcareous nature of soil in Jordan. For

alkaline due to the type of soil in Jordan
which is calcareous.

2- Moisture contents for street, outdoor and
indoor dust samples were lower due to th

indoor dust, Nahad the highest levels due to
table salt and food stuff which contain high
contents of Na

8- For anion analysis, SO had the highest

evaporation rate that decreases the moisture |ayels in outdoor and street dust samples due

content.

to traffic emissions. Where for indoor dust
samples, Chad the highest level due to table
salt.
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