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Abstract:

Several immunological experiments have been conducted to study the

immune and non-immune protein for pregnant women infected with
toxoplasmosis.The study was covering a group of pregnant women who are
frequently visiting the out-patient clinic of Aljala Maternity Hospital in
Tripoli through out collecting 450 blood samples in a random way
regardless the age, number of birth given neither number of abortion.
This study shows that 190 cases are toxoplasmosis positive and Biuret test
was used to estimate the value of total protein, electrophoresis was used to
estimate the values of Albumenand (o, oy, B, v) Globulin using Cellulose
Acetate paper to understand the changes occur on the immune protein and
non immune protein during the infection.

This study has also shown that the levels of total protein were in the
normal range (%51) for most of the cases studied, also the values of
Albumen were normal (%76). In addition, values of a; were normal (%86)
for the vast majority of the studied cases with an observation of o, values
were also normal (%88). As for the concentrations of Beta Globulin, they
were found higher than normal values (%38). Gamma- Globulin values for
some cases were found normal (%48) and higher than normal for the other

cases (%36). And when the samples were classified by age, the highest
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percentage of infection was found in the age group of 30-40 years old at a
percentage of (%52.63).
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University of Tripoli- Faculty of sciences-Physics Department P.O. Box: 13320
University of Tripoli- Faculty of sciences-Mathematics Department

Abstract

Deep understanding for the relation among structure, properties,
processing, and performance is crucia for developing the PEM fuel cell
electrodes. The electrodes used in this study is viewed as a composite thin
film consisting of recast Nafion ionomer, mixed with nanoparticle platinum
catalyst supported in microparticle carbon. The electron microscopy study
showed that the presence of agglomerations of platinum particles within the
recast Nafion ionomer, rather than attached to the carbon support surfaces,
suggests that the platinum nano-particles are not well bonded to the carbon
aggregates. The small sizes, high surface tension, and weak bonding of the
platinum particles are possible reasons for the platinum agglomeration
process. The agglomerated platinum clusters contribute to a lower
utilization of the catalyst and hence these detached particles do not
participate in the electrochemical reaction. Some information about the
electrode porosity can be extracted from the electron microscopy study.
Most of the observed pores in the electrode are secondary pores. So while it
is believed that both primary and secondary pores contribute to the MEA
performance, clearly the large pores have a greater effect.
Key words: PEM fuel cells, fuel cell electrodes, electron microscopy,
electrode structure, Nafion ionomer
1. Introduction

Understanding the relation between structure, properties, processing, and

performance is essential for developing the PEM fuel cell electrodes
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[Sghayer, Albogdadie, EImzughi, Al-Backoosh, 16; Eikerling, loselevich,
Kornyshev, 2004, 131]. The objective of most electrodes (either cathodes or
anodes) is to generate as high as possible yield rates of the desired reactions
for reaching the required level of cathode efficiency. An ideal electrode
should have: (i) easy transport of the reactant gases, (ii) efficient transport
of protons generated (in the anode) or consumed (in the cathode) at the
reaction zone, (iii) continuous electronic current passage between the
electrode reaction zone and the current collector (iv) as large as possible
interface area between the electrode and electrolyte. It is therefore essential
to identify the composite structure and operation conditions which provide
the best balance between them. Each of these four functions is crucial in
relation to the overall electrode performance. The structure of the electrodes
is the key for good performance. The “three phase boundary” where
porosity, ionomer and catalyst particles come together, is the region where
effective catalysis occurs. Both imaging and chemical composition anaysis
by electron microscopy at the length scale has delivered appropriate
understanding for the details of the electrode structure. Also, the boundary
between the electrode and the membrane is of great interest to the fuel cell
community researchers [Wang, Eikerling, Song, Liu, Xie, Holdcroft, 2004,
A950; Xie, Navessin, Shi, Chow, Wang, Song, Andreaus, Eikerling, Liu,
Holdcroft, 2005, A1171]. A number of indirect electrochemical
measurements suggests that the interface between the electrode and the
membrane is a weak point in the durability of the overall system [Jaouen,
Lindbergh, Sundholm, 2002, A437; Ihonen, Jaouen, Lindbergh, Lundblad,
Sundholm, 2002, A448]. Structure and composition analysis of this area of
interest for freshly prepared membrane-electrode assembly (MEA’S) is the
first step towards reducing the degradation of proton exchange membrane
(PEM) fuel cells electrodes over time. The present study aims to use the

electron microscopy (SEM and TEM) characterization techniques to
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observe the distribution of precious metal catalyst, pore space and ionomer
in PEM fuel cell electrodes

2. Experimental

MEA preparation

Electrodes with 27.5 wt% Nafion ionomer (EW 1000) and
4.0+ 0.1 mg/cm? catalyst loading were prepared in-house by the decals
process, with some modifications [Uchida, Aoyama, Eda, Ohta, 1995,
4143]. The catalyst ink was prepared by mixing of 30 % Pt supported on
carbon catalyst (Sigma-Aldrich), and Nafion 20 wt % solution (EW 1000,
supplied by Sigma-Aldrich), diluted to 10 wt % in (25 % water, 37.5 %
ethanol, and 37.5 % 1-propanol). The details of electrode preparation can be
seen elsewhere [Sghayer, Mazuz]. The membrane-electrode assembly
(MEA) was prepared by placing electrodes at both sides of the pre-treated
Nafion 1035 membrane, followed by hot-pressing at 140 "C and 200 atm for
2 min. The formed MEAs were then hydrated by boiling them in 0.5 M
H,SO, for 1 h, followed by boiling in pure deionised water for 10 min., with
excess water subsequently being removed. When the electrode is poorly
bonded to the membrane, the catalyst particles detached during the boiling.
Finally, the MEA’s were placed between two glass strips, which kept it flat
while slowly drying prior to use.

Scanning Electron Microscopy (SEM)

Samples of dimensions 10 x 10 mm were cut from the middle of the
MEA and used for scanning electron microscopy (SEM) examinations.
These samples divided into two groups; group (i) was used to study the
surface morphology and group (ii) was prepared using cross-sectional
fracturing under liquid nitrogen to study the microstructure at the electrode-
membrane interface. SEM analysis of cross-sectional specimens was
performed using a Philips XL30 scanning electron microscope equipped
with athermal field emission gun (FEG- SEM) under the control of standard

Philips data acquisition software. Investigations were carried out in the
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secondary electron and backscattered electron modes. Typical operating
conditions employed a 20 KV accelerating voltage. Prior to examination, the
cross sectional samples were coated with a carbon deposit (20-20 nm in
thickness) to minimize problems associated with charging.

Transmission Electron Microscopy (TEM)

Samples of dimensions 5 x 12 mm were removed from the MEA and
embedded in an epoxy resin before sectioning with a diamond knife on an
ultramicrotome. Dodecenyl Succinic Aradite 5002 (DDSA) (Agar
Scientific Ltd.), Benzyldimethylamine (BDMA) (Agar Scientific Ltd.),
Agar 100 Resin (Agar Scientific Ltd.), and Methyl Nadic Anhydride (MNA)
(Agar Scientific Ltd.) were mixed and used as embedding materials. Resins
were polymerized at 60°C for 48 h, in a vacuum oven. The samples were
microtomed at room temperature using a diamond knife (ref. MC 865 45°
3nm cutting edge Diatome Limited Switzerland) at a cutting speed of 0.2
mm s-1. The thin sections cut from the samples were examined using a
TECNAI F30 G2 300 kV field emission gun transmission electron
microscope (FEG-TEM) (made by FEI) with a Gatan Imaging Filter
(GIF2001) and a high angle annular dark field (HAADF) detector. The
TEM was equipped with a Gatan CCD camera for digital image acquisition
and a Noran solid-state X-ray detector for chemical analyses. The TECNAI
F30 was equipped with a bright-field detector, and a HAADF detector, as
well as a Noran 40 mm2 solid-state X-ray detector designed to subtend a
solid-angle of 0.3 str relative to the sample. The large solid angle of X-ray
collection alows for the efficient collection of microchemical composition
information from thin samplesin arelatively short time.

3. Results
Surface Morphol ogy

Figure 1 shows a general backscattered SEM surface image for a fresh
sample of 27.5 wt% Nafion ionomer and 4.0 + 0.1 mg/cm? catalyst loading
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MEA, with 1000x magnification. Generally the image showed that, there is
a random distribution of bright white islands on the electrode surface
representing the inhomogeneous surface distribution of high density
agglomerated platinum clusters (region A). Higher magnification of the
region B in Figure 1 was presented in Figure 2.a. The image showed that the
carbon aggregation covered by the Nafion ionomer (Arrow D), and there is
some pores in contact with the platinum clusters, and the carbon aggregates.
Moreover, the SEM micrograph showed that presence of the three phase
contact of the reactant gases, electrolyte (Nafion), and catalyst (Pt/C) on the
electrode surface (Arrow F). This means that the electrochemical reactions
(either the hydrogen oxidation or the oxygen reduction) are take place on
the electrode surface. A higher magnification surface image for region B is
presented in Figure 2a. In this image three basic regions can be observed
(high platinum agglomeration region (arrow C), carbon aggregation region
(arrows D), and the porosity region (arrow F).

Figure 1 General SEM surfaceimage for the electrode structurein the M EA
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(@) Higher magnification of
region Bin Figurel
(b)Higher magnification of
region C in Figure 2A
(c)Higher magnification of
region FinFigure2A

Figure 2 Higher magnification of region B in Figure 1.

Figure 2b shows an increased magnification image of region C in Figure
2a. As it has been known, the Nafion ionomer is initially used in the liquid
phase. Therefore during the mixing of Pt/C catalyst with the Nafion ionomer
the detached platinum particles can be agglomerated and bound to form
islands of bright appearance on the electrode surface, as evident in Figure
2b. Figure 2c shows the so-called three-phase zone, which is defined as the
zone at which the eectrochemical reaction takes place. It contains pores
(arrow F), carbon aggregates and bright spots representing the platinum
agglomerations. Based on this image, it can be expected that the
electrochemical reactions take place at the electrode surface instead of the
membrane electrode interface zone. The present findings concerning the
electrode surface were confirmed using energy dispersive X-ray analysis.
The energy dispersive X-ray (EDAX) anaysis showed the presence of
platinum, carbon, fluorine and sulphur. For the bright area spectrum, the
platinum peak is sharp and well resolved, as expected. The fluorine peak
can also be recognized in the bright area, since the Nafion ionomer plays the
role of binder between the detached platinum particles during the electrode
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preparation. The carbon peak arises from carbon present in the polymer
backbone and in the carbon aggregates. Table 1 shows the average
composition of the bright spot analysis made by the EDAX technique.

Table 1 Average composition of the bright and dark spotson Figure 2afrom

the EDAX
Tablela(arrow C) Table 1b (arrow D)

Element | Series | Norm. wt. Element | Series | Norm.
% wt. %

Carbon K series 325 Carbon K series 61.6

Fluorine | K series 205 Fluorine K series 20.6

Platinum | L series 46.9 Platinum L series 17.0

Sulphur K series 0.1 Sulphur K series 0.8

X-ray mapping

To study the elemental distribution of the electrode composition, a
genera elementa distribution X-ray map for the electrode surface is
presented in Figure 3, the dark (black) regions on the image representing the
electrode porosity. Figure 4b isthe Pt X-ray map. The lighter regionsin the
image represent the platinum distribution on this part of the surface area.
Figure 4c shows the fluorine distribution on the electrode surface as lighter
regions and Figure 4d is the carbon X-ray map. In fact, it is hard to
distinguish between the carbon in the Nafion ionomer backbone and the

carbon aggregates in the electrode.

Figure 3 X-ray map for the element distributions on the electrode surface
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Figure 4 A series of X-ray mapsfor the electrode contents. (a) isa general SEM
image, (b) isthe platinum map, (c) isthe fluorine map, and (d) isthe carbon map

Cross Sectional Imaging

Figure 5 presents the cross sectiona back-scattered image for the
membrane electrode contact region of the PEM fuel cell. The image shows
that the electrode exhibits good contact with the membrane, so the ions can
pass easily from the anode to the cathode through the membrane when the
membrane is fully hydrated. The presence of platinum (arrow C) suggests
that the electrochemical reactions could occur at any region in the electrode,
although the platinum sites are active only if there are parts of the three
phase zone. The presence of some voids can be easily observed (arrow F),
which means that the water and the reactant gases can easily distribute
through the electrode and high ionic conductivity can be achieved when the
MEA is hydrated. In addition, the image shows a high density of carbon
aggregates fully covered by the Nafion ionomer (arrow D), and bonded to
the membrane via the Nafion ionomer.
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Figure5 Cross sectional backscattered electron SEM image for the membrane
electrode contact region of the MEA

Transmission Electron Microscopy (TEM)

Figure 6 is a montage of transmission electron micrographs for fresh
samples that were cut from MEA using ultramicrotomy. The montage
shows a thin film of area of 25 pm?, which is only a part of the interfacial
area available between the electrode and the membrane in this sample. The
image shows the presence of an inhomogeneous distribution of platinum
clusters (arrow A of Figure 6b). Some of these clusters are very dense and
are distributed at the interfacial region between the electrode and the
membrane. The carbon aggregates (arrow B) are covered by the Nafion
ionomer and distributed in the interfacial area between the electrodes and
the membrane. The recast Nafion ionomer is distributed between the carbon
aggregates, resulting in a good dispersion of the aggregates. Large
secondary pores, which are the pores between the carbon aggregates and the
Nafion ionomer, are denoted by the arrow D. Because the membrane
electrode assembly samples are embedded in epoxy resin, it is difficult to
distinguish the Nafion ionomer from the epoxy within the el ectrodes.
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St ;- I e - TR =
Figure 6 TEM images of the electr ode/membrane interface region
4. Discussion

The electrode used in this study is a composite consisting of recast
Nafion ionomer, mixed with nanoparticle platinum catalyst supported in
microparticle carbon. It is known that for any active site, which can sustain
an electrochemical reaction, three transport paths electron conduction,
proton conduction and gas diffusion- should be exist. Thus, the factors
which influence platinum utilization are electron conduction and proton
conduction. The electrode optimization studies showed that at 20 wt %
Nafion loading, the quantity of ionomer is not enough to establish an
optimum three-phase contact zone and the monitored current will be low.
As the Nafion loading increase, the MEA performance increases. The
maximum MEA performance was achieved at 27.5 wt % Nafion loading.

By using SEM in the backscattered mode, it is possible to identify areas
that contain atoms with atomic weight higher than their surroundings.
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Atoms with higher atomic weight (Platinum in this study) appear brighter
than atoms with lower atomic weights. Generaly the surface images
showed that, there is a random distribution of bright white islands on the
electrode surface representing the inhomogeneous surface distribution of
high density agglomerated platinum clusters. The images also showed that
the carbon aggregation covered by the Nafion ionomer, and there is some
pores in contact with the platinum clusters, and the carbon aggregates. It can
be observed that the size of carbon aggregates falls in the range of a few
micrometres, and the size of platinum clusters fals in the range of few
nanometres. Again some of these particles were isolated from the contact
with the carbon aggregates. Moreover, the SEM micrograph showed that
presence of the three phase contact of the reactant gases, electrolyte
(Nafion), and catalyst (Pt/C) on the electrode surface. This means that the
electrochemical reactions (either the hydrogen oxidation or the oxygen
reduction) are take place on the electrode surface. In both the SEM and
TEM images, the presence of agglomerations of platinum particles within
the recast Nafion ionomer, rather than attached to the carbon support
surfaces, suggests that the platinum nano-particles are not well bonded to
the carbon aggregates. This detachment could be attributed to the sonication
and stirring processes which are used during the catalyst-Nafion ionomer
mixing in the electrode preparation. It was reported that the weak bonding
between the catalyst particles and the carbon surface may be considered a
reason that the metal agglomeration occurs so readily over the course of
electrode preparation. Whatever the means of the platinum particle
detachment, whether during the catalyst production process or during the
electrode preparation, it certainly contributes to a lower utilisation of the
catalyst, since some of the platinum particles located within the Nafion
ionomer network are isolated from the carbon support and, therefore, do not
contribute to electronic conduction. Accordingly, we can get a clear picture

about catalyst distribution in the electrode surface. When the platinum

11



Journal of Faculty of Education- Tripoli - Issue Nine Fall 2014

supported carbon is mixed with the Nafion ionomer, some of the platinum
particles will be detached. This detachment is due to the weak bonding
between the platinum particles and the carbon aggregates. The detached
platinum particles tend to assemble themselves into large particle
agglomerations. The small sizes, high surface tension, and weak bonding of
the platinum particles are possible reasons for the platinum agglomeration
process. Therefore, smaller catalyst particles will tend to reassemble
themselves into/onto larger particles (agglomeration, sintering, ripening,
etc) to reduce the overal surface energy of the total catalyst mass. As this
process continues over time, the driving force for particle growth decreases
due to the increased average formed cluster size and reduced associated
surface energy.

Some information about the electrode porosity can be extracted from the
images. It was reported that the porosity of electrode can be classified into
two categories. primary (small) pores and secondary (large) pores [Uchida,
Aoyama, Eda, Ohta, 1995, 4143]. The primary pores are attributed to the
gpace in and between the primary particles in the carbon aggregate (a
mixture of intraparticle pores [ Xie, Wood, More, Atanassov, 2005, A2011].
The secondary pores were associated with the space between the carbon
aggregates.  In fact it is hard to identify the primary pores either by the
TEM or SEM. Because both the carbon supported catalyst and the Nafion
ionomer are very well mixed, the carbon aggregates are highly dispersed in
the produced catalyst ink. Thus, the Nafion coverage on the carbon
aggregates is increased and, as a result, the primary pores are filled or
blocked by the Nafion ionomer. The evaporation of the solvents from the
ink during the electrode preparation processes results in the formation of a
very porous electrode, in which the carbon aggregates are surrounded by a
Nafion ionomer network. During the membrane-electrode assembling

process the formed porous el ectrodes on the decals are hot pressed onto both

12



Journal of Faculty of Education- Tripoli - Issue Nine Fall 2014

sides of the Nafion membrane, then the formed MEA was boiled in H,SO,
and deionised water. Swelling and contraction of the MEA with this process
contributes to changes of the pore volume. In addition the secondary pore
volume is affected by the carbon aggregate size and the amount of Nafion
ionomer loading in the electrode. Therefore most of the observed pores in
the electrode are secondary pores. So while it is believed that both primary
and secondary pores contribute to the MEA performance, clearly the large
pores have a greater effect.

5. Conclusion

The electrodes used in this study is viewed as a composite thin film
consisting of recast Nafion ionomer, mixed with nanoparticle platinum
catalyst supported in microparticle carbon. The electron microscopy study
showed that the presence of agglomerations of platinum particles within the
recast Nafion ionomer, rather than attached to the carbon support surfaces,
suggests that the platinum nano-particles are not well bonded to the carbon
aggregates. The small sizes, high surface tension, and weak bonding of the
platinum particles are possible reasons for the platinum agglomeration
process. The agglomerated platinum clusters contribute to a lower
utilization of the catalyst and hence these dethatched particles do not
participate in the electrochemical reaction. Some information about the
electrode porosity can be extracted from the electron microscopy study.
Most of the observed pores in the electrode are secondary pores. So while it
is believed that both primary and secondary pores contribute to the MEA
performance, clearly the large pores have a greater effect.

13
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Abstract

A pragmatic conceptualisation of Continuing Professional Devel opment,
or CPD, for Libyan EFL teachersis analysed and discussed. Three different
interpretations of CPD are examined from the points of view of three key
players. education officials, school heads and teachers themselves. The
purpose of examining these - at times conflicting - interpretations is to
advance a contextualised insight of the present status of in-service teacher
development in Libya in order to move it forward by employing more
sustainable and holistic approaches. While involvement in top-down INSET
(IN-Service Education and Training), despite its present drawbacks, is not
discouraged, | advocate the integration of INSET with bottom-up teacher
development embodied in both collaborative school-based development and
independent self-directed learning by individual teachers. | believe that such
a holistic approach to teacher development in the Libyan context is more
likely to lead to sustainable development where Libyan EFL teachers as
professional individuals and as a collective entity are empowered to take
advantage of available resources within their immediate contexts and at the
sane time benefit from organised INSET, be it training-based, often large
scale and erratic i.e., offered at irregular intervals. An optimised view of
CPD is maintained alongside a holistic approach, thus promoting CPD that
is teacher-led, criticaly reflective, constructive, networked and supported
with adequate material and technical resources according to teachers’ needs

and contexts.
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Conceptualising CPD:

Continuing Professional Development (CPD) has been used
interchangeably with Professional Development and Teacher Development
(John and Gravani, 2005). Central and inherent to the concept of CPD isits
continuity, which has been stressed by Underhill (in the foreword to Head
and Taylor, 1997: vii) emphasising that 'teacher development is a
continuous process of transforming human potential into human
performance, a process that is never finished', a view which is aso shared
by Gushi (Libyan teacher educator; 2005) who argues that a teacher should
not stand idle; he or she should be independently motivated to continually
grow and self-develop in order to keep abreast with new knowledge and
skills.

For teachers as professiona practitioners, the importance of CPD
essentialy originates from an understanding that it is ‘bound with the model
of professionalism itself” (Friedman, Davis, and Phillips, 2001: 173) to
which in-service teachers aspire to belong. Such a movement towards
‘professionalisation’ has called for a broader perspective on the
epistemology of teacher education and development to encompass, in
addition to received and experientia knowledge, other activities extended
beyond the classroom walls thus drawing upon collegia, academic and
formal sources of knowledge.

Having said that however, the label CPD has been used in the literature,
e.g. by Neil and Morgan (2003), to embrace reoriented conceptions of top-
down organised INSET as well as school-based teacher-led development. A
reoriented view of INSET, Richards (1991: xiv) argues, is one in which
perceptions of teacher training shift from traditionalist views typified by
short-term objectives of merely imparting teaching skills, towards the notion
of the teacher as a “critical and reflective thinker’. This oriented view of
teacher development (rather than teacher training) therefore aims to create

space for training options (Woodward, 1991) that are bottom-up, teacher-led

16



Journal of Faculty of Education- Tripoli - Issue Nine Fall 2014

and open for individuals to contribute to. This means that development
opportunities are created by individual teachers’ needs and grow out of
actual teaching contexts. As Roberts (1998) puts it, the notion of CPD thus
implies more divergent objectives, which allow for teachers individual
differences and which are determined by teachers sense of their own
learning needs... It can be associated with the notion of a teacher as
professional/ independent problem-solver, who takes responsibility for
personal and professional development (p. 222).

It can be noted here how CPD implies “divergent objectives’; allows for
independence while led by collective needs; and how it can encompass both
‘personal’ and ‘professional’ development. Pointing out such divergent
objectives, John and Gravani (2005: 109) contend that CPD still 'suffers
from semantic confusion’, for its implementation in practice has proved
problematic and its flexible nature has led to 'numerous definitional
problems. Therefore, rather than extracting different definitions of CPD by
different writers, | set out to examine three conflicting, but nonetheless
relevant, interpretations of CPD from the points of view of the three main
stakeholders: education officials, school heads and the teachers themselves.

I nter pretations of CPD:

As pointed out by Neil and Morgan (2003: 1), different key players have
each interpreted CPD from their own particular perspective. According to
Roberts (1998) and Neil and Morgan (2003), interpretations of CPD have,
thus far, been based on three perspectives:

1. Official interpretation: How education policy makers, at local or
national government level, set out to interpret and carry out teacher

devel opment.

2. Schools interpretations:. How school heads perceive CPD based on
interpretations of policies and regulations in light of localised school

contexts and learning conditions.
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3. Teachers interpretation: How teachers perceive CPD in relation to

their own personal and professional needs.

3.1 Official interpretations of CPD (top-down INSET):
An official perception of CPD is likely to view teacher development or

INSET as a centralised top-down intervention, where delivery and
management of such intervention isimposed by officials in authority and is
frequently politicaly driven and focuses more on structure than education
(Goodlad, 1992, 232-238). In top-down INSET programmes, training rather
than development is the objective of the exercise. Training, as Freeman
(1989: 39) explains, is a 'strategy of direct intervention by the collaborator
[trainer] to work on specific aspects of the teacher's teaching'; thus, official
CPD is likely to focus on imparting pedagogic knowledge and on drilling
specific observable or ‘trainable’ activities to be mastered within a set period
of time.

Further, to assess teacher performance, the INSET trainer often
determines quantifiable criteria with which to grade teachers. It is,
therefore, assumed that once teachers master a repertoire of discrete
teaching skills, in association with certain content and pedagogic
knowledge, they can improve their classroom effectiveness through
experiential learning, ultimately achieving teaching competence (Freeman,
1989). Therefore, the official interpretation of CPD in the Libyan context is
that of a top-down INSET intervention initiated by education authorities at
local or national level, such that training is characterised by ‘externaly
identified solutions to problems associated with curriculum delivery'
(O'Neil, 1994: 286). Farg and Tarvin (1989: 567) refer to these as 'ad hoc
forms of INSET' where a [training] programme ceases t0 run as soon as
specific goals are achieved, normally in terms of the number of teachers

receiving training. Thus, while a top-down interpretation of CPD may be
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well institutionalised, opportunities for training are, al too often, 'sporadic,
constrained and compartmentalised’ (Medgyes, 1994).

Despite the criticism of centralised top-down CPD, there is a need for in-
service teachers to engage in it 'so that they remain up to date with
curriculum content knowledge, continue to develop their classroom
organisation and teaching and assessment strategies (Day, 1999: 48).
Kennedy (1995) also argues that the needs for training or mentoring will
persist after completing Initial Teacher Training, either because of
inadequacies in teacher preparation, or because of changes in the national
curriculum which demand increased levels of teaching skills, such as those
occurring as a result of having introduced the new secondary curriculum in
Libya

Moreover, for Non-Native English Speaker Teachers (NNESTS) in
under-resourced environments, top-down INSET opportunities, however
scarce or disorganised, constitute, as Hayes (1997: 83-84) putsit, awelcome
change from ‘watershed' situations where teachers feel they are 'no longer
progressing and that their whole teaching life had become steril€’; organised
INSET training can, hence, be 'a way of regaining momentum and

enjoyment from teaching'.

3.2 Schools’ interpretations of CPD:
A school's perspective of CPD may fall under the rubric of 'staff

development’ in which teachers are developed as members of staff at a
particular school (O'Sullivan, Jones and Reid, 1988). However, Hargreaves
(1994: 436) argues that while professiona development of school teachers
'must be set within the context of institutional development', collectively,
teachers must be able to ‘choose and direct their own professional
development' (Neil and Morgan, 2003:63). Referencing Darling-Hammond
(1993) and Hargreaves (1994), Day (1999: 1) emphasises that 'it would be
reasonable to expect that teachers will have opportunities to participate in a
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range of informal and formal activities... and that these will focus upon
personal and professional purposes.

Hence, within a school interpretation of CPD, there can be two
perspectives to development: one formal perspective in which schools (as
government agents) organise training to meet local needs on behalf of
education authorities; and another informal perspective which evolves
collaboratively by school teachers themselves. | dare say that both
situations, formal and informal CPD, may well be encouraged to exist at the
same school. Thus, under this rubric of teacher development, one often
hears of 'educators or ‘facilitators, but not 'developers, for the developers
are the teachers themselves (Freeman, 1989, 40). That is, the educator or
facilitator can provide the right conditions for teacher learning, but the
development, as a cognitive process, is a persona endeavour that has to
emanate from within.

Moreover, school-based development (at the school level) means that
teachers gain a collective sense of ownership of their own development,
particularly when implementing change in teaching practice at classroom
level. (Bax, 1995, 353) argues that an approach that is more sensitive to
teachers' needs because derived from their own context is more motivating
and 'might therefore lead to more effective change than trainer-derived [top-
down] approaches.

However, within school-based CPD, as Neil and Morgan (2003) point
out, problems can surface when dealing with a cohort of teachers wanting to
pursue different priorities. Some teachers may perceive their practices as
appropriate and not in need of change; others may openly discuss options
for change but have no intention to implement it; some may want to change
but have problems with implementation; while others may focus on externa
reactions to change and attempt to appease, or impress, others in the process
(Roberts, 1998). Moreover, a development activity that works well for some

teachers may not work for others simply because it has not emerged as a
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result of individual needs or inner desire which, in turn, motivates teachers
to self-develop (Head and Taylor, 1997).

While school-based CPD may focus on teachers collective needs
(whether formally organised or informally initiated by teachers),
independent development by teachers, as individuals, can take on different
meanings and may be implemented in different ways depending on
prevailing conditions, needs and objectives of development (Head and
Taylor, 1997). Within a typically centralised policy-driven INSET
conditions, it is unlikely that - in the near future — Libyan schools will be
granted autonomy to organise their own training agenda. This, in turn, leads
to a discussion of the remaining option left to teachers in resource-poor
environments: that of independent development in which teachers, as
individuals, take it upon themselves to set their own objectives in the form
of self-directed independent study.

3.3 Teachers interpretations of CPD:

In an attempt to interpret development from the teachers point of view,
Maley (1990: 67) asked a number of school teachers to explain what teacher
development meant for them. The responses are summarised with my own

subtitles:;

1. Handling stress (personal development): A teacher feels stressed. After
reading an article about stress treatment, he or she decides to set aside a
daily 30 minutes of “quiet-time”.

2. Higher qualifications (individual development): A teacher decides to

pursue a higher qualification by joining a postgraduate course.

3. Extracurricular courses (individual development): A teacher decides to
join anon-ELT course to gain new insights into the profession, such as

counselling skills, Neuro-Linguistic Programming and so on.
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4. Trying new ideas (collaborative development): A teacher comes across a
teaching idea and decides with a colleague to try it out in class for a

month and discuss progress each week.

5. Study group (collaborative development): A group of teachersat a
school meet each month to discuss an interesting book or article they
have decided to read.

6. Self-help group (collaborative development): A group of teachers at a
school decide to meet monthly and discuss pedagogic problems using an

open agenda.

7. Action research (collaborative development): Two teachers set up a
small action research group to implement a new idea on learner
independence. They later present their findings at a conference.

Although more examples of collaborative than individual development
are projected by Maley's study, a common feature shared by all the teachers
was that their interpretations of development were based on independent
bottom-up perceptions, i.e. engendered by their needs and what they can do,
individually or collectively, within their own contexts.

Therefore, teachers’ interpretations of CPD are driven by bottom-up
perspectives of development, which can be independently and/or
collaboratively oriented, according to the stage and context of collaborative
development. That is, an element of inter-dependency, or collaboration, can
be accommodated in a teacher's perception of CPD, such that collective
experience, as Day (1999) has suggested, grows out of individually oriented
learning to open collaboration with outsiders, thus:

e Theclosed individual cycle - where teachers learn

privately;
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e Theopenindividua cycle - where teachers learn from colleagues at

school;

e Theclosed collective cycle - where groups of teachers share collective
wisdom;

e Theopen collective cycle - where outsiders are admitted to add a further
dimension (p. 177-179).

Obvioudly, there is some overlap between a teachers collective
interpretation of CPD and an informal perception of school-based CPD,
where the school may simply be used by teachers as a local venue for
holding discussions and sharing ideas. Such bottom-up interpretations of
CPD often arise as a result of deficiencies in formal CPD provision by
schools or government, asis the case in the Libyan context.

Even though research evidence seems to favour collaborative
development in that individualy oriented CPD is not as effective in
changing teacher practice compared with collaborative modes (EPPI, 2005),
Day (1999: 2) argues that individual development is alogical step towards
collaborating with peers and that sustained development is seen as a co-
ordinated effort that takes place when the planning and implementation of
CPD is a 'joint responsibility of teachers, schools and government’. This
notion is carried forward in a discussion of a holistic CPD approach.

A holistic approach to CPD:

Having presented three rational perspectives of CPD based on an official
view, schools’ perception (both formal and informal) and a teachers’
interpretation, a holistic approach to CPD is envisaged (Figure 1). In
agreement with Day (1999), Fullan (1994) aso supports a holistic vision of
CPD that integrates all three interpretations discussed thus far. Fullan
concludes that neither top-down nor bottom-up strategies work sufficiently
well on their own and that a sophisticated blend of the two is needed. That
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is, in addition to organised top-down training, however scarce, Libyan
teachers should aso be supported through a bottom-up approach, in which
they can take control of their own development independently (as
individuals) and inter-dependently (in collaboration with others) to create

CPD activities that are teacher-led and relevant to their own pedagogic

contexts.

_School ) » Top-down INSET

inspection
School-based Professional
development ||[| competence

Interdependent
collaborative g ..., ol Independent
development development
Figure 1: A holistic approach to CPD

Although it is the norm that INSET provision is provided either by
education authorities, through top-down centralised training or school-based
development of some kind, certain shortcomings can and do occur. Thus,
the need for in-service teachers to act independently and/ or collaboratively
in order to supplement learning, through a bottom-up approach, is often
born out of such shortcomingsin organised INSET provision.

Therefore, a holistic approach to CPD views development as a
sustainable co-ordinated effort which, as Day (1999: 2) emphasises, takes
place when the planning and implementation of CPD is a 'joint
responsibility of teachers, schools and government. Here, top-down or
bottom-up development are not seen as opposing poles (Woodward, 1991),

but rather as co-existing components that combine and converge at the
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school interface for the purpose of promoting professional competence as
the ultimate goal of development.
Optimised CPD:

As pointed out by Pachler, Daly and Lambert (2003: 9) optimised CPD
is ‘sought out proactively according to intrinsic [teacher-led] training needs’
rather than in response to extrinsic policy directives. In supporting
optimised CPD, Unwin (2007), argues that teachers should aso be provided
with opportunities to question prevailing policy and practices, to deliberate
theoretical principles and make sense of them in connection with their
professional lives.

Therefore, embedded in an optimised notion of CPD is the involvement

of teachers in articulating their own development needs in order to create
opportunities to enhance their teaching practice (Dede, 2006). But as Rubin
(1978: 136) points out, such articulation need not spell out exactly what
teachers need in al respects, but the articulation process, with adequate
support and resources, is ‘a major way of securing involvement and
commitment to personal growth’. In emphasising a bottom-up route to
development, Rossner and Bolitho (1990: 328) argue that teachers can play
an active role in challenging policy decisions which affect their professiona
lives and that they should be able to 'articulate their concerns publicly, and
to play aleading part in their own development'.
Therefore, optimised CPD must be motivated by teachers inner desires and
interest with which to satisfy their individual and collective needs under
varying contexts. That is why generic CPD, mirrored by current INSET
policy in Libya, isimpracticable, as argued by Neil and Morgan (2003);

there is no longer any prescribed syllabus or format which CPD must
take, and with the opportunities open in different arenas and support
mechanisms available, teachers should be encouraged to develop their own

interests (p. 3).
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More recently, Pickering, Daly and Pachler (2007: 5-6) argue that

optimised approaches to CPD focus on three themes, the outcome of which

will be characterized by mixed-modes of learning, drawing upon a range of

resources, as well as collaboratively oriented and supported by online

networking:

Shared practice: That is, development is more than just the exchange
of teaching experience; it should proactively lead teachers, as change
agents, into changes in practice. This involves empowering teachers to
be potential agents for change, rather than passive recipients of policy
directives, for best practice is not merely that which is delivered as top-
down models by experts, but that which isinformed by research, debate
and contextualised experience.

Collaborative CPD: This draws upon the collective knowledge and
experience of teachers across learning networks, thus enhancing
constructivist collaborative development. Here, collaborative learning
networks are classroom-focused and can be based on a subject, phase or
experience, but can also be ‘non-hierarchical, cross-phase, cross-subject
or cross-experience’ (p. 273).

Scholarly reflection on practice: This is the kind of critical reflection
that draws upon theoretical and pedagogic principles and brings them to
bear on teaching and learning practices, rather than seeing them as
separate complementary entities. Here, a good balance between
individual and collaborative reflection is supported to enrich and

enhance teachers’ professional knowledge.

An optimised approach to CPD thus regjects the prevailing knowledge

transmission model of development that is typically skills-based. Rather, it

encourages teachers, as change agents, to be, independently and

collaboratively, proactive learners and be more critical in their pursuit of

best practice;
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to challenge and contest constructively the perceived givens of evidence-
informed policy and practice. This will be achieved through a collaborative
orientation, characterised by shared practice and a focus on scholarly teaching in
learning networks (Pickering, Daly and Pachler, 2007: 6).
The concept of “online networking” is very much linked to “communities of
practice”. Whereas online networks constitute groups of practitioners who
have the freedom to express their views, share experiences and construct
new knowledge through computer-mediated communication (Daly and
Pachler, 2007), communities of practice, as Wenger (2007: 2) points out, are
basically groups of people, whether at work, school or home, who are, in

one way or another, engaged in

a process of collective learning in a shared domain of human endeavour...
[They] share a concern or a passion for something they do and learn how to do it
better as they interact regularly.

Conclusions and recommendations:

It has been shown that a conceptualisation of CPD involves three
conflicting interpretations by education official, schools and teachers. It has
also been argued that despite the poor standards of INSET training, Libyan
EFL teachers are encouraged to take advantage of such top-down provision
and at the same time engage in bottom-up collaborative (school-based) as
well as independent development according to individual needs. A holistic
approach of this kind is thought to benefit Libyan EFL teacher situated in
low-tech and low-resourced school conditions.

In parallel with a holistic approach, optimising CPD, particularly in
contexts experiencing shortages of organised development is supported and
encouraged. Libyan EFL teachers, as practitioners in communities of
practice, should be involved in articulating their development needs and
supported to pursue and adopt best practice using a variety of resources, and

to “‘draw on their own and others’ practice-based evidence to change theirs
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and others’ (Pickering, Daly and Pachler, 2007). Particularly with respect to
the launch of the new English language syllabus and the difficulties some
teachers have encountered in teaching it, holistic and optimised CPD
approaches are likely to enhance and support professional development
needs of Libyan teachers in particular and NNESTs situated in foreign
language environments in general.

Utilising available online learning networks to create communities of
practice for in-service teachers will, undoubtedly, provide excellent
opportunities for development. This facility however, is so far unavailable
as a locally initiated venture, but Libyan EFL teachers are recommended —
using their language competence- to network with other teachers through
Yahoo and MSN groups, most of which are freely available through the
Internet. | know from personal experience that some in-service teachers, and
in cases trainees, were able to not only to join such online groups and
engage in discussing certain TEFL issues but also to improve their teaching
practice in some way or another.
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Abstract:

This paper aims to forecast the Extreme Maximum Temperature at °C
and Extreme Minimum Temperature °C in Tripoli city. using Jenkins
approach. The data used for this paper was monthly data collected for a
period of Jan 1944-Dec.2010. Differencing models were used to obtain
stationary process. The empirical study reveals that the most adequate
model for the Extreme Maximum Temperature and Extreme Minimum
Temperature are ARIMA (1,1,1) (1,1,1)» and ARIMA (1,1,1) (0,1,1)1,
respectively. The models developed were used to forecast Extreme
Maximum Temperature and Extreme Minimum Temperature during the
years 2011-2015.

Key words: ARIMA models, Box-Jenkins, forecasting, Extreme
Temperature.
|.INTRODUCTION:

Formulation of knowledge about the nature of the phenomena own
Bmagamaan Kazawahralamnachah by forming mathematical relationships
between variables such phenomena oboist investigate typical repetition of
the nature of the relations between these variables researcher can discover
these relationships where the climatic factor affecting images is one of the
most important factors influencing the planning and urban settlements,
including temperatures. So is the study of probabilistic models to estimate
the maximum temperature (maximum and minimum) for a certain city of
applications that receive attention planners, engineers, and of urban and to
its importance in the development of Alttlebatt planning and construction.
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The preparation of architectural and structural designs of buildings, for
example, requires a choice of insulating materials used and directing these
buildings and windows, installation and height, which are affected to
varying degrees during the period of building them, which requires the
study of the prevailing temperatures and therefore the study and determine
the differences in temperature during the year, especialy at the end of the
maximum. From the foregoing that the main objective of this study is to try
to determine the appropriate statistical models to predict varying Maximum
temperature in a particular city in order to make use of them in the
development of engineering, planning and design of the foundations of
urban and urban fabric in cities and human settlements planning process
Which is one of the leading modeling of climatic factors in Libya studies.
Finally, if the physical form cannot change the regiona climate, but it
certainly can be modified and softened from the local climate, especialy in
theresidentia sectors.

1. DATA AND VARIABLES:

This study is conducted on Extreme Maximum Temperature at °C and
Extreme Minimum Temperature at °C-Tripoli airport. The data set have
804 observations, during the time period Jan. 1944 to Dec. 2010. The data
were obtained from the Libyan National Meteorological Center.

1. METHODOLOGY:

In this study seasona ARIMA models are used. The goal is to find an
appropriate model that has both in sample and out of sample forecasting
errors as small as possible.

A model containing p autoregressive terms and g moving average terms
is classified as ARMA(p,g) modedl. If the series is differenced d times to
achieve stationary, the model is classified as ARIMA(p,d,q), where the
symbol ‘I' signifies ‘integrated’. The equation for the ARIMA (p, d,

g)model isasfollows:
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Ve SR T @Yoy TPV T T QY e — 6,e,_, —6,e,,—— Bq & q

Or, in backshift notation:

(1- 98— @82 =~ ¢,87)(1- B)%y, = u+(1—6,8— 6,8° — -~ — 6,87 e,

@(B)(1-B)*y, = u+6(Be, (1]

ARIMA models are capable of modeling a wide range of seasona data.
A seasona ARIMA(p,d,q)(P,D, @), or SARIMA model is formed by
including additional seasonal terms in the ARIMA models we have seen so
far. It iswritten asfollows:

w(B)2(B*)(1— B)*(1— B*)°y, = u+ 8(B)O(B)e,  (2)
wherep, d, q, P, D, Q areintegers, sis periodicity;

©(B) = (1 -9y B— 98" — -~ —@,B5°),0(B) = (1 - 0,5~ @57 — - 0, %),
6(8)=(1-8,B—6,B?—--— §,B) and
e(8)=(1-0,8 —0,8°— -~—0,57) are polynomial sin B of

degree p, q, P and @Q; B is the backward shift operator; v, denotes an

observed value of time seriesdata, t = 1,2, ... k; and time series datais

observations. SARIMA model formulation includes four steps:

1. Establish the stationary of your time series. If your series is not
stationary, successively difference your series to attain stationary. The
sample autocorrelation function (ACF) and partial autocorrelation
function (PACF) of stationary series decay exponentially (or cut off
completely after afew lags).

2. ldentify a (stationary) conditional mean model for your data. The
sample ACF and PACF functions can help with this selection. For an
autoregressive (AR) process, the sample ACF decays gradualy, but the
sample PACF cuts off after a few lags. Conversely, for a moving
average (MA) process, the sample ACF cuts off after a few lags, but the
sample PACF decays gradually. If both the ACF and PACF decay
gradualy, consider an ARMA model.
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3. Specify the model, and estimate the model parameters. When fitting
non-stationary models, it is not necessary to manually difference your
data and fit a stationary model. Instead, use your data on the original
scale, and create an ARIMA model object with the desired degree of
non-seasonal and seasona differencing. Fitting an ARIMA model
directly is advantageous for forecasting: forecasts are returned on the
origina scale (not differenced).

4. Conduct goodness-of-fit checks to ensure the model describes your data
adequately. Residuals should be uncorrelated, homoscedastic, and
normally distributed with constant mean and variance.

V. Comparison among the models:

To make comparison among the models some well known measures of
forecast error are used. The model that gives the minimum measures of
these errors will be the expected model for further forecasting. The
measures used are cited below;

Mean Error (ME): The mean error gives the average forecast error, i.e.:

n

;i |
ME :_Zet
n

=1
Where e, =y, — ¥,,
¥, = The observation at time t, ¥, Forecasted value at time t, n = number of observation
Mean absolute Error (MAE): The MAE is first defined by making each

error positive by taking its absolute value, and then averaging the result, i.e.:

1 %5
MAE :—Z le,]
n
=1

Mean Squared Error (MSE): The MSE is defined as:

n

1 3
MSE =—Z el
1

=1
Mean Percentage Error (MPE): The MPE is the mean of the relative or

percentage error and is given by:
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MPE = > X2, PE,;
Where PE, = %?‘ X 100 , istherelative or percentage error at timet.
E

Mean Absolute Percentage Error (MAPE): The MAPE is defined as:
1 n
MAPE = —Z |PE,|
n
=1

V. Analysisand Result:
We obtain the Extreme Maximum Temperature at °C and Extreme

Minimum Temperature °C data in Tripoli city from 1944 to 2010. We will
try to forecast monthly Extreme Maximum Temperature at °C and Extreme

Minimum Temperature at °C datain Tripoli.

| , il
e A i

g

g

Ext.MaxTempTripoli

g

Fig. 1: Extreme Minimum Temperature and Extreme M aximum Temperature
at °C Datain Tripali City.

This data from Jan. 1944 to Dec. 2010 are plotted in Figure 1. Thereisa
small increase in the Mean of Extreme Minimum Temperature and a small
decrease in the Mean of Extreme Maximum Temperature.The data are
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strongly seasonal and obviousy non-stationary, and so seasona
differencing will be used. The seasonally differenced data are shown in
Figure2. It is not clear a this point whether we should do another
difference or not. We decide not to, but the choice is not obvious. The last

few observations appear to be different from the earlier data.
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Fig. 2 Seasonally Differenced Extreme Minimum and M aximum Temperature at
°C Datain Tripali City.
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From the plots of the seasonally differenced extreme minimum and
maximum data it can be seen that the ACF and PACF at lags 1 and 12 are
significant. So, it can be assumed that the data does have strong seasonality,
which gives a clear indication that a seasonal term must be included in the
model.

Our aim now isto find an appropriate ARIMA model based on the ACF
and PACF shown in Figures 1,2.Consequently, this initial analysis suggests
that a possible model for these datais an ARIMA(1,1,1)(1,1,1)1,. Wefit this
model, along with some variations on it, to be sure about the form of the
appropriate model, the AIC and BIC values are checked for al the probable
models and it is found that:

1. Extreme Minimum :ARIMA (1,1,1,)(1,1,1);> model has the smallest

AIC and BIC values, so, this model should be the desired ARIMA

model. The estimated ARIMA (1,1,1) (1,1,1)1> model is given below:

(1-01068)(1+0.0868'%)(1- 58)(1- By,
=(1-0872B)(1- 09398 )e, (3)

The value of Ljung-Box Q statistic 15.364 is with degrees of freedom 42
with P value 0.354. So, it can be said that the residuals are white noise for
ARIMA(1,1,1)(1,1,1);, model.

2. Extreme Maximum :ARIMA (1,1,1,)(0,1,1);omodel has the smallest

AIC and BIC values, so, this model should be the desired ARIMA

model. The estimated ARIMA (1,1,1) (0,1,1)1> model is given below:

(1—0111B)(1-B)(1—B*¥)y, = (1—0.0906B)(1—0957B%)e, (4)
The value of Ljung-Box Q statistic 15.117 is with degrees of freedom 42
with P value 0.443. So, it can be said that the residuals have no remaining
autocorrelations for ARIMA (1,1,1) (0,1,1);> model.
The residuas from these models are plotted in Figure 3. All the spikes
are now within the significance limits, and so the residuals appear to be

white noise. So we now have a SARIMA models that passes the required
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checks and is ready for forecasting. The plot of original time series and
forecasted value from these models for the next five years are shown in
Figures 4.

Table 1. Initial estimate of parameters of different ARIMA models for

Extreme Maximum Temperature.

M odel RMSE | MAPE LJBuOr;(g- Sig. Parameters Estimate | Sig.
(1,1,1)(1,1,1) | 3379 | 8224 | 15075 | 0.373 AR @, 0112 | 0.006
MA @, 0.906 | 0.000
AR Seasonal ¢, | 0.008 0.837
MA Seasonal ®,| 0956 | 0.000
(01,1)(111), | 3393 | 8252 | 20.880 | 0.141 AR @,
MA@, 0.880 0.000
AR Seasonal @, | -0002 | 0952
MA Seasonal ®,| 0952 | 0.000
(1,1,0)(1,1,1), | 3861 | 9.110 | 110.878 | 0.000 AR @, -0.439 | 0.000
MA@,

AR Seasonal &, 0.028 0.461
MA Seasonal ®,| 0996 | 0.000
(1,1,1)(0,1,1), | 3377 | 8227 | 15117 | 0.443 AR @, 0111 | 0.006
MAG, 0.906 | 0.000

AR Seasonal @
MA Seasonal 0.957 | 0.000
(1,1,1)(1,1,0), | 3927 | 9502 | 35050 | 0.002 AR @, 0.139 | 0.000
MA 8, 0.942 | 0.000
AR Seasonal ®, | -0.503 0.000

MA Seasonal 0,
(1,1,)(01,2), | 3379 | 8224 | 15077 | 0.373 AR @, 0112 | 0.006
MA &, 0.906 0.000

AR Seasonal @,
MA Seasonal ®,| 0951 | 0.000
MA Seasonal ©,| 0.007 0.851
(1,1,)(00,1)1, | 4812 | 11.912 | 695.635 | 0.000 AR @, 0.673 | 0.000
MA @, 0.997 | 0.000

AR Seasonal ¢,
MA Seasonal ®, | -0.352 | 0.000
(1,1,1)(02,1):, | 4907 | 11577 | 209.550 | 0.000 AR @, 0103 | 0.012
MA @, 0.898 | 0.000
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M odel RMSE | MAPE L{SUQXQ' Sig. Parameters Estimate | Sig.
AR Seasonal @,
MA Seasonal ©®, | 00918 0.000
(1,010,111, | 3362 | 8215 | 20215 | 0.164 AR @, 0.983 | 0.000
MA 8, 0.859 | 0.000
AR Seasonal @,
MA Seasonal ©®, | 0.950 0.000
Table 2. Initial estimate of parameters of different ARIMA models for
Extreme Minimum Temperature.
M odel RMSE | MAPE L{SUQXQ_ Sig. Parameters Estimate | Sig.
(1,1,)(1,1,1)5, | 1594 | 33541 | 15364 | 0.354 AR @, 0.106 | 0.012
MA 6, 0.872 0.000
AR Seasonal ®| -0086 | 0.027
MA Seasonal®| 0939 0.000
(011)(1,1,1),, | 1598 | 33536 | 21.061 | 0.135 AR g,
MA 31 0.840 0.000
AR Seasonal @, | -0.084 0.031
MA Seasonal ®,| 0937 | 0.000
(1,1,0)(1,1,1);, | 1.802 | 34.818 | 102.823 | 0.000 AR, -0.442 | 0.000
MA 6,
AR Seasonal ®,| -0112 | 0.003
MA Seasonal 0, 0.956 0.000
(1,1,1)(0,1,1), | 1.674 | 34241 | 39317 | 0.001 AR g, 0.085 | 0.044
MA 31 0.865 0.000
AR Seasonal @,
MA Seasonal ®,| 0.742 | 0.000
(11,1)(1L,10);, | 1.904 | 36368 | 35505 | 0.002 AR g, 0065 | 0.122
MA 8, 0.871 0.000
AR Seasonal®,| -0535 | 0.00
MA Seasonal @,
(11,1211, | 1595 | 33610 | 15887 | 0.255 AR @, 0.107 | 0.011
MA 31 0.872 0.000
AR Seasonal @, | -0.091 0.024
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M odel RMSE | MAPE L{SUQXQ' Sig. Parameters Estimate | Sig.

AR Seasonal ®,| -0.021 | 0597

MA Seasonal @,| 0936 | 0.000

(11,1112, | 1594 | 33733 | 16.689 | 0.214 AR @, 0.109 | 0.010
MA 6, 0.874 | 0.000

AR Seasonal @, 0.392 0.259

MA Seasonal 0, 1.415 0.000

MA Seasonal @,| -0453 | 0.152

(1,0,1)(1,1,1), | 1590 | 33.188 | 19.730 | 0.139 AR @, 0.993 | 0.000
MA 5'1 0.832 0.000

AR Seasonal ¢,| -0.084 | 0.032

MA Seasonal 04 0.934 0.000

(1,1,1)(1,0,1), | 1717 | 34529 | 37.166 | 0.000 AR g, 0132 | 0.001
MA 91 0.887 0.000

AR Seasonal @, 1.000 0.000

MA Seasonal 04 0.956 0.000

Residual ACF Residual PACF Residual ACF Residual PACF
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Fig 3. Residualsfrom the SARIMA (1,1,1) (1,1,1)1> and SARIMA
(1,14,1) (0,1,1) models
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Fig 4. Forecasts from the SARIMA(1,1,1)(1,1,1)1, and
SARIMA(1,1,1)(0,1,1) model applied to the Extreme Minimum and
Extreme Maximum Temperaturein Tripoli City.

V1. Results:
The following are the main result of this study:

1. SARIMA isan appropriate model to forecast the Extreme Minimum and
Maximum Temperaturein Tripoli City.

2. SARIMA(1,1,1) (1,1,1);, is the most appropriate model to forecast
Extreme Minimum Temperature and SARIMA(1,1,1)(0,1,1)1, is the
most appropriate model to forecast Extreme Maximum Temperature in
Tripoli City.

3. The forecast indicates that Extreme Minimum Temperature in Tripoli
City will be increase compared to last century, while Extreme Maximum
Temperature will be decrease compared to last century. These results are
consistent with global warming.

VII. Conclusions:

This study aimed at predicting Extreme Maximum and Extreme

Minimum Temperature in Tripoli City using SARIMA model. The time

series data is not stationary at level. By applying the differences for the
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series we observed that the series becomes stationary, so the initial series of
the temperature is integrated by first order. We then applied the Box-Jenkins
procedure on the stationary data series and we identify the corresponding
SARIMA(p,q)(p.q),> process. The series correlogram has allowed us to
choose appropriate p and q for the data series. Therefore,units root test was
conducted and the null of the series integrated of order one was not rejected.
We finally, found SARIMA (1,1,1) (1,1,1):, is the most appropriate model
to forecast Extreme Minimum Temperature and SARIMA (1,1,1) (0,1,1)1,
is the most appropriate model to forecast Extreme Maximum Temperature
in Tripoli City.(i.e., it has the smallest RM SE value).
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ABSTRACT

This paper investigates the short comings of using least squares
estimators in the presence of multicollinearity in dealing with
regression analysis. The solution to the multicollinearity problem
is introduced by adding some constant to the diagonal elements of
the coefficients matrix in the normal equations. This solution is
superior to least-squares in presence of multicollinearity.
Simulation studies are conducted based on 1000 data sets each, we
note that the system stabilizes in aregion of k values depending on
the degree of correlation between the independent variables. The
results of the simulation studies show that k is a linear function of
the coefficient of determination of the least squares regression of

* .. . 2
X;ontheremaining p-1regressor variables (R;).

Introduction
One possible solution to the problem of multicollinearity is using ride

regression. Ridge regression is a technique for analyzing multiple regression
data that suffer from multicollinearity. When multicollinearity occurs, least
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sguares estimates are unbiased, but their variances are large so they may be
far from the true values.

By adding a degree of bias to the regression estimates, ridge regression
reduces the standard errors. It is hoped that the net effect will give more
reliable estimates. Other biased regression techniques are available but ridge
regression is the more popular one. The term multicollinearity is due to
Ragnor Frisch. Originally it meant the existence of "perfect” or exact, linear
relationship among some or all explanatory variables of a regression model.
To deal with multicollinearity, we must be able to identify its source. The
source of the multicollinearity impacts the analysis, the correlation, and the
interpretation of the linear model. A. E. Hoerl and R. W. Kennard (1970a)

suggested that when X X isasingular matrix, i.e. X X isnot of full rank
add a diagonal matrix ki, suchthat (X X +kl ) k>0 isanonsingular

matrix. The estimator of b based on the new nonsingular matrix is given by
§=(X'X +kl )XY which is called the ridge estimators family and

contains the least square as specia case when k=0. Hoerl and R. W.
Kennard (1970b) suggested using a graphic method which they called the
ridge trace. This plot shows the ridge regression coefficients as a function of
k. When viewing the ridge trace, the analyst picks avalue k for which the
regression coefficients have stabilized. Note that increasing k will
eventually drive the regression coefficients to zero trace. Hoerl and Kennard
(1976) proposed an aternative method for selecting k. This method is

L2

based on the formula k, = E?B . Draper, N. R. and Smith (1998) state " the

use of ridge regression is perfectly sensible in circumstances in which it is
believed that large beta values are unredlistic from a practical point of
view”. Raymond H. Myers (1990) states: "Ridge regression is one of the

more popular, abeit controversial, estimation procedures for combating
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multicollinearity. The procedures discussed in this and subsequent sections
fall into the category of biased estimation techniques. They are based on this
notion though ordinary least squares gives unbiased estimates and indeed
enjoy the minimum variance of al linear unbiased estimators, there is no
upper bound on the variance of the estimators and the presence of
multicollinearity may produce large variances. Thomas Ryan (2008) states
the reader should note that, for al practica purposes, the ordinary least
squares (OLS) estimator will aso generaly be biased because we can be
certain that it is unbiased only when the model that is being used is the
correct model. Since we cannot expect this to be true, we similarly cannot
expect the OLS estimator to be unbiased. Therefore, athough the choice
between OLS and a ridge estimator is often portrayed as a choice between a
biased estimator and an unbiased estimator, that really is not the case”.

Multiple Linear Regression Model
Consider the following p-variable regression model

Y=Xd+e,
where:
Y : (nx1) column vector of observations on the dependent variable y;
X1 (nxp) matrix giving n observations on (p-1) variables x, to x,, the first

column of 1’s representing the intercept term;

d: (px1) column vector of the unknown parameters;

e: (nx1) column vector of n disturbanceterms e. €~N (0, s?I).
The least squares estimation of d is given by

d = (X'’X)'X'Y provided that X'Xis nonsingular and the
variance-covariance matrix of d is given by var—cov(d))

=s 2(X'X)™.

Properties of least-squar e vector cj
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The least —sgquare estimators are best linear unbiased estimators (BLUE)

that is c_f is linear (each of its elements is a linear function of y , the
dependent variable). E((i )=d , that is, the expected value of each element
of c_f isequal to the corresponding element of thetrue d , and in the class of

linear unbiased estimators of d the least —square estimator d has minimum
variance.
Alternative Versions of Model

For convenience, we assume that the X variables are scaled so that X'X
has the form of a correlation matrix .to recognize that, consider, for
example, the following p-variable linear regression model

Y, =d, +d, X, +d, X, +--+d X, +€, 1=12...,n
D)
and ?=d0+d1§1+d2§2+~-+dp)_(p

Thus equation (1) can be written as follows:

Y, =Y =d (X, - X1)+d, (X, - X2)+ +d (X, - Xp) +e,

The standardized variable transformations are:

Y -Y X, -Xk
I ’ I ) k:]'lzil pl
S S,

whereS,* = %Z(Yi ~Y)?,
n-1=

S’ =nilz(xik ~X«)?, k=12,...,p.
4=

Define the following simple function of the standardized variables:

\ 1 Y -Y . 1 X, - X«
Y. = ' ., Xk = ik . k=12,....p.
el S, ) =g S 12,...p

Therefore, the parameterized model with the transformed variables,

corresponding to model (1) isgiven by:
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Yi=bXu+b,Xiz++ pr*ip +e’i
_ S _
Notethat b, _(SY)dk’ k=12,...,p

Then the least sguares estimator of b is given by

b=(XX)XY.

!

The X X' matrix for the transformed variables can be written as

1 r, Mp
14
s | 1 r,
X X =¥ Pl
e T 1

where r; is the simple correlation coefficient between X; and X;.

Which is called the correlation matrix of the explanatory variables .The
difficulties associated with the least —sguare estimation are a direct

consequence of the average distance between @ and 9 , to demonstrate

that , consider:
L? =the squared distance between b and b .

L’~(b -b)Y(b-b)
MSE(B)=E(L?)=s *tr((X" X"},
or equivaently,

E(B B)=b b+s?tr((X X)),

If the elgenvalues of X" X' are denoted by

o =121, 2021 =1 >0,

Then E(LZ) can be written in term of eigenvalues as follows:
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E(L?) =s Zzzlli

Asthevectorsof X deviate further from orthogonality , | ., becomes

smaller and § can be expected to be farther from E . In1970 A. E.

Hoerl and R. W. Kennard suggested that when X* X isasingular matrix ,

i.e. X X isnot of full rank add a diagonal matrix kl ., such that

[X X +klp], k>0 isanonsingular matrix. The estimator of b based

on the new nonsingular matrix is given by:
b = (X' X +K) XY

which is called the ridge estimators family and contains the least—square
as special case when k=0. In application, however, the ridge regression has
some problems. The most important of these is that of choosing the best
estimator from the set of possible ridge estimators.

The Nature of Multicollinearity

The term Multicollinearity is due to Ragnar Frisch. Originally it meant
the existence of “perfect “ , or exact, linear relationship among some or al
explanatory variables of aregression model .The columns of the X matrix

e X, X,,...,X, aelinearly dependent if there exists nonzero constants

&, .. 8 suchthat
p
zanj =0. 2
j=1

When equation (2) holds exactly for some or al columns of X
multicollinearity is said to be exist and it’s perfect. However, when (2.)

doesn’t hold exactly, multicollinearity is aso said to be exist but not perfect.
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Effects and practical consequence of Multicollinearity

The effects of multicollinearity on estimates of regression coefficients, in

p-variables case the diagonal elements of C= (X*'X*)‘1 can be written as
follows:
c; =@-R*)™, j=12..,p.
Where R? is the coefficient of determination of the least squares

regression of X*j on the remaining p-1 regressor variables. Since

var(t;j):c”s 2, this implies that as R* —»1, var(Bj)—>w. When a

perfect multicollinearity exists, the least sguares estimators are

indeterminate and their variances and standard errors are undefined, if
collinearity exists but is not perfect there are other consequences as follows:

1) The least squares estimators may be obtainable, but their standard errors
tend to be large as the degree of collinearity between the explanatory
variablesincreases.

2) The confidence intervals for the relevant true parameters tend to be
larger as aresult of large standard errors. By virtue 2, the probability of
accepting afase hypothesis, i.e. type |l error increases.

3) Aslong as multicollinearity is not perfect, estimation of the regression
coefficients is possible, but the estimates and their standard errors
become very sensitive to even the slightest change in the data.

4) If multicollinearity is high, one may obtain a high R*, but none or very
few estimated coefficients are dstatisticaly significant. Thus high
multicollinearity may make it impossible to isolate the individual effects

of the explanatory variables.
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Detection of Multicollinearity

There are several methods of detecting the presence of multicollinearity
some of which are listed below:

(1) Simple Correlation among Regressors

In modelsinvolving just two explanatory variables ,asimple measure of
multicollinearity is the correlation coefficient between the two variables
i.e. the dlements r; of the matrix X' X .If |r,|isnear unity, thisindicates
astrong multicollinearity between X; and X;.

(2) Partial Regressions

Collinearity is often suspected when R?, the coefficient of
determination obtained when the response variable y is regressed on al the
explanatory variables ,is high and when simple correlations are also high

but none or very few of the partial regression coefficients are individually
statistically significant on the basisof t test.

(3) Determinant of X X

If the explanatory variables are standardized, then X X contains

elements that are the simple correlation coefficients among the X's. In that

case O0<|IX' X

<1 If ‘X* X*‘ =0, one or more exact linear relationships

!

exist among the columns of X. On the other hand, If ‘X* X*‘:l the

columns of X are mutually orthogonal .In all other cases some degree of

multicollinearity exists. Hence, the closer X X is to being singular the

more severs the multicollinearity.
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(4)Auxiliary Regressions

Another procedure of detecting the presence  and nature of
multicollinearity is to regress each X’} on the remaining (p-1) regressor

variables ,and compute the corresponding R?; .If the value of R?jis high
(Close to unity) ,a near — linear relationship among X*j and a subset of the

remaining X ' sexists.
(5)Varianceinflation factor (VIF)

The variance inflation factor is related to the results of the auxiliary

regression and is measured by the diagonal elements c¢; = (1- R)™" of

(X' X')™*, where R? isthe coefficient of determinates from the auxiliary

regression of the j"X  variables on the remaining (p-1) regressor

variables When R? —1the j" diagonal element of (X X')™, which
when multiplied by s ? gives var( Bj), becomes very large and hence the

name variance inflation factor.

(6)The smallest eigenvaluesof (X X')

All the previous methods of detecting multicollinearity ,while differing
in approach , have one common short coming ;each method being incapable
to completely specify the relation (2) .A more explanatory measure is the

smallest eigenvalue |, and the corresponding eigenvector V, of

min

(X' X') .The closer |, to zero the stronger is the linear relationship
among the columns of X . Furthermore, the elements of V, are the

coefficients a, of (2).

Properties of Ridge Solution

The properties of the ridge solution are given below:
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(2) The length of EA is adecreasing function of k.

(2)The residuals sum of squared is a monotone increasing function of k.

(3) The ridge estimator, § is a linear transformation of the least squares
estimator, b .

(4) The mean square error of § isgiven by
A P " p "
MSE(b )= var (b*i)+Z[Bias(bi* )N 2,
i=1 i=1
where the first term on the right hand side of equation isthe sum of the

variance of the estimators and the second term is the sum squares bias
introduced by us ngg* rather thanEA. It is clear that the sum variance is a
decreasing function of k, and the squared bias is an increasing function of
k.

5) bI,_bim MSE (EA*)—> oo and hence for fixed k, the ridge estimator is not

minimax.

(6) If E 9 is bounded, then there exists ak >0 such that

MSE(b*)< MSE(b)) .

Simulation Study
In this section simulation studies was carried out based on 1000 data sets

each to determine what k value is appropriate for Ridge Regression in five
variable regression model in other words for a number of values of k
including the least-squares solution ,when k=0 , we will choose k value as
stable point solution .The linear regression model with correlated

independent variablesis considered with

different sample sizes.
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For given X,,X,,X,, X, correlated values (0< R* <1), the y values
are generated using a set of predetermined values of parameters, allowing

only values of e, (i=1 2,...,n) were generated to be independent and

identically normally distribution with mean zero and variance s 2.
The true values of the parameters are taken any values in the parameters
space, and will give the same results. In this paper the true values of the

parameters are taken to be: b’'=(0.21.2,082512) and s 2=2. One
thousand data sets were used in each smulation study. Each data set was
fitted by least squares and ridge regression estimate EA* and SSE (sum
squared error) and VIF (variance inflation vector), for different k values

and different Rf were computed.

., total(b:
A$E:total(SSE), AVIF:totaI(VIF), AG')= (b;)
1000 1000 1000

,1=1234

Table (1) gives some of the appropriate k values for ridge reression
estimates (b'1,b"2,b"s,b ") for different R? From Table (2) and (3) we
figure out there is relationship between k and Rjz, the appropriate model isa
polynomial regression model of second order represented by:

k=0q,R*+0q,R; +q,R? +q,R} +e
The estimated moddl is:
k =0.174R? + 0.170R? + 0.194R? + 0.199 R?,

and the coefficient of determinate of this equation is R* = 99%.
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i Rf
0.10 0.025
o115 0036
0.20 0.318
025 0. 459
032 0423
038 O_/S26
046 0.563
0.51 0.716
0.56 0.713
0.63 0.863
0.71 0.912
0.76 0.97
0. 78 0003
o281 002841

R3

0.179
0.265
0.126
0.199
0483
0426
0_54
0.844
0.697
0.793
0.968
0955
0,900
0.000

Table (1): The appropriate k values for ridge regression for different R_'.:

By

o
()

W ha| W
et

021
0.161
0.39
042
048
0_55
0.859
0.668
0.793
0_83
0.973
0004
G.005

R3

0.094
0.142
0.345
0271
0378
048
0_53
0.171
0.682
0.831
0.967
0.974
0000
0.000

and the associated t-test

Table (2): The esumared regression coefficients, the standard errors

iprEdICtor Coef. SE Coef. 1- test P

WO constant
R{" 0. 173G 00247 702 Q000
R-.: 0. 1702 0. 0249 &_ 84 0000
R_:-,: 0. 1942 00238 .17 0000
R_-‘; 0. 19846 00284 699 Q000

Table (3): .Amnalwvsis of Wariance

Source DF =25 M= F P

FRcgression 4 13.542 3. 386 2053 91 | 0.000

[ Residual Error s6 0.0923 0.0016 [
Total G0 13.634
Conclusion

The main goal of this paper is to investigate the appropriate k value for

ridge regression in p-variable regresson model. As indicated by the

simulation results we conclude that: there is relationship between k and Rjz,

the appropriate model is a polynomia regression model of second order

represented by:

K ZQ1R12 +Q2R22 +q3R§ +Q4Rj +€

The estimated modd is:

k =0.174R? + 0.170R? + 0.194R? + 0.199 R’
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Measurement of Laser Beam Radius Using a Small Apperture
Photodiode
Omar Mohamed Amer
Education Faculty, University of Tripoli

ABSTRACT

Measurements of laser beam radius requires very small area photodiode
or feeding of the photodiode through a small pinhole. In this paper we have
calculated electromagnetic field behind a pinhole of arbitrary size and the
remaining error introduced by finite pinhole size. For known pinhole size,
true beam radius is obtained from measured beam radius using calculated
correction term.
[.INTRODUCTION

Measurements of laser beam using a small aperture photodiode hides
several sources of error that are considered in this paper. Standard small
area photodiode is housed in metal box with glass window. Removing glass
window eliminates error caused by reflection and stray radiation due to
dispersion but still remains problem of aperture size. In this paper we
investigate electromagnetic field propagated through an arbitrary small hole
in front of the photodiode. As a next step we calculate the error due to finite

ratio of measuring aperture and the size of the beam at the measuring plane.

II. TRANSMISSION OF ELECTROMAGNETIC FIELD THROUGH
A PINHOLE

We consider a circular photodiode of radius a; and a pinhole of radius
a, as shown in Fig.1. The pinhole is moved across the plane at z=z so that

the beam axis and the photodiode system axis remain parallel.
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ty

photodiode

pinhole

fy phase
|aperture front
| plane

Fig.1. Geometry of laser - photodiode arrangements

The electromagnetic field radiated through the pinhole can be calculated
starting from the field in the aperture plane in polar coordinates [1], where
Wpisthe beam radius at z=0 and R4 isthe radius of curvature of the beam at

=7
Balr,2) = e e
@)
where: b= iz -] P
Wzl RzlI

2.

W,y = W1+ (1 2, /pwg)? ;

R, = z[1+ (W /1 2)]
Calculation of the field across the photodiode area is needed to

investigate wheatear al the power incident on the aperture reaches
photodiode area. To do this we have to find field behind the pinhole at the
distance equal to separation between the pinhole and the photodiode area.
As the distance between the hole and photodiode sensitive area is small we
have to apply spectrum of plane wave technique . In this case we find first
the spectrum of plane waves for the known aperture distribution and then
calculate the field from the integra [1]
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kw [ a "

E(r,f,2) =W0_EO .[ {[e‘bzr Jo(krr')r'dr}x
Wzl 0LO

x Jo(k 1)e™ K dk.

@)
For example, the Poynting vector of the field behind a pinhole of radius

a, Situated at z=800mm for w=0.5mm, wavelength 0.0006328 mm; z,=5
mm looks like shown in Fig.2.

.0.806, 1

(|E(m)|)* 05

7.166x10" 2,

0.5 ~0.25 0 025 05
[ 054 n |_O.5_,
Fig.2 Field behind a pinhole of radius 0.25 mm,

rn=-0.5mm to 0.5mm

The incident power density, integrated over the area of photodiode of
radius ag, centered at the point (0,y.,z,), IS the received power that could be
calculated from the integral of field intensity over the photodiode area.
However, as this is a complex problem we can indirectly treat this by
considering the extent of the field as calculated from eq.(2). From the figure
we see that the sgare of the field is practicaly zero for a > 0.35 mm, and
therefore we can consider that all power falls on the photodiode.

[I1. Error In Measurements Due To Finite Pinhole Size

When the measurements of w, are made with a pinhole of finite size in

front of the photo detector, a systematic error is introduced because detector
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subtends part of the beam rather than a point field. However, this can be
corrected by calculation of power received by the detector as compared with
the same power that would be received by an infinitely small size detector.

y
pinhole

Gaussian
beam

Fig.3. Coordinate system used in beam measurement

We assume that the Gaussian beam across the measuring planeat z= z

is expressed by the equation (see Fig.3) [2,3]

E(x,y)|= Eze_[xzvéyzj
©)

where w, is the radius of the beam at distance z;

and we want to measure w, . Let the pinhole has circular shape of radius
a. The power received by this detector at the point (x,,Y,)can be
calculated from the integral [4]

Py (%, Yo) = 7 _[e e "dy|dx
0 A —a® (%) +y,
(4)
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At the point (0,0) the above integral can be solved in a closed form. In
this case we use the polar coordinates since the integration with respect to

rand f areindependent:

P,(0,0) = (OO)| ZJEdf j 72Wir dr

W2 L
_E.0 0>| W [16 J
27, 4

)
Theratio of the two calculated received power
Ry (%, Yo)
Ry (%01 Yo) = “P(00)
(6)

is dependent on the ratio w, /a, and in the limiting case when a — O it
will be given by

,%HY5
W
Rd(aao) (Xo’ yo) =€

(7)

Since w, isaconstant, then from (7) we can write

W2
Xg + yg = 22 ln[ll Rd(a—>0)(xoyy0)]

(8
If the shape of R, (X,,Y,)is not much changed from the Gaussian shape,

we can assume that a similar expression to (8) can be written from eq. (7)

with the new value of w,,,,  where w,,is the measured beam radiusi.e.

2, 2 W
Xo + Yo = Tm[l/ Ry (XO' yo)]
(9)
By dividing (8) and (9), after smple calculations we obtain

W, =\/ In[R, (X, ¥o)]
W, In|_Rd(a—>0) (%o yo)J
(10)
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Cadlculation of integral (4) has been done with a MATLAB program and
typical results are shown in Fig.4.

1 T T T T T
I I I
I I I I I I
I I I I — <1%l—>
I ] [} I | ] [}
0.95F---- [ T O O Y EER
I I I I I I I I
I I I I I I I I
I I I I I I I I
e — — — = {7 P Sy | [
0.9 I I I I I I I
I I I I I I I
I I I I I I [} I
| 1 systematic error less than 1% for Wz/a > 7 I
£ 0.85F-—Ff-l----d-- k- e e I e S
N I I I I I I I I
I I I I I I I I
% I I I I I I I I
I I I I I I I I
2 08fF-f--lm—--d---—f--——F-—=—-m—=—-A—=—-—f---—p--—-
I I I I I I I I
I I I I I I I I
I I I I I I I I
] S R U S S R N S S
I I I I I I I I
I I I I I I I I
I I I I I I I I
I ] ] [} I ] ] [}
(O 4 ) B e Bttt e iy Bt il iy
I I I I I I I I
I I I I I I I I
I I I I I I I I
065 ] ] ] ] ] ] ] ]
1 2 3 4 5 6 7 8 9 10
Wz/a

Fig.4. Calculated curve w, /w,, versus w, /a (Circles are calculated
points).
For measuredw,,/a, using the graph in Fig.4 we find the correction

factor with which we have to multiply the measured value to obtain the

corrected w,. [6]
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Fig.6. Calculated curve w, /w,, versus w, /a(Circlesare calculated

points).

Fig. 7 isthe plot of In[l/ R, (X, Yo)] VS. %, (Y, =0) from (9) for three
different ratios w, /a. The w, are determined at the ordinate level equa to
-2. The narrowest w, isfor w,/a =10, and it isonly 0.5% higher than the
true w,. It isinteresting that the shapes of the curves differ very little from
the straight line, even when w, /a =1.5. In the latter case the error is nearly
23%. However, for w, =a, distortion is noticeable as can be seen from

Fig.5 and the error rises to about 50%.

s O
In(fcX(k))
In(fcak)) -
In(fcI k))
~10-10
§ 1910 ° , -
x0(K) 210

Fig7. Logarithmic vs. linear x> scale for different w, /a:fcl- w,/a=
10; fc2- w,/a= 4;fc3- w,/a= 15.
IV. Conclusions
Measurements of laser beam characteristics, at relatively small distances
can be improved by using a pinhole in front of a photodiode of large size
that, if used directly as the detector, would produce considerable error in
determination of the beam radius w,. In this paper correction curves are

obtained which can give correct beam radiusiif the size of pinhole is known.
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The Propertiesand Gel Formation of Lanufene Film With Other
Grades

Dr. Amer Husein Akier
Eng. Fathi Juma ha Mohamed

Abstract

In this study, we discuss the problems of the appearance of Gel in the
pure polyethylene produced at Lanufene especialy in LLDPE element.
These spots appeared because of many reasons such as incorrect and
scientific cleaning of the reactor and inaccurate heating of the mentioned
substance compared with the same product which is imported from Kuwait
and Brazil. The Niobinm substance in Lanufene product found to be much
more than the products imported from Kuwait and Brazil. The Gel spots
sizein (HDF-5116) made the mechanical properties weak and can’t be used
or depend on in the process of producing polyethylene.

It is worth mentioning that the comparison recently made between the
Lanufene product and the one made by Kuwait and Brazil showed that the
appearance of the Gel in the Libyan product.

I ntroduction

Gel formation during the extrusion of polyethylene (PE) can be a
complicated problem. To the casual observer it often seems to be a random
phenomenon. The purpose of this study is to identify the types of gels and
polymer chemistry involved in the process of gel formation. The definition
of gel formation states that a gel is any visible imperfection in a
polyethylene film.” (Obijeski, 1992, 61-69) This means that gels are not
only polymeric in nature but can aso be inorganic. The inorganic gels
would consist of undispersed pigments or contamination such as meta

particles. It is only slightly comforting to know that gel formation is till a
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worldwide problem. Gel formation in polyolefin film is a phenomenon that
is difficult to predict, reproduce or solve” (Susan, 1998, 675-685).

Why are gels such an important issue? This is definitely because most
converters have found it to lead to scrapping of product as a result of
unacceptable aesthetic properties and/or problems with the printing and
lamination processes. An operationa issue is a (seemingly) unpredictable
manifestation of gels which can upset the best production planning, usually
when it is too late to adjust the schedule as well as causea film appearance.
The magority of gl complaints result from oxidized gels formed during
extrusion. Because of this it is useful to evaluate this class of gel in more
detail.
1-Typesof gels

Gel classification used widely in industry classifies gels into four main
groups, these groups are:

1- Crosslinked/Oxidized gels.
2- Cross Contamination gels.

3- Unmixed/Non-homogenous gels.
4- Fibers/Contamination gels.

The Following cross linked/Oxidized gels are the result of drastic
molecular growth- This growth results in molecules of such a large size
having much higher viscosity/elasticity as compared to the rest of the melt,
Asaresult, the flow pattern of the melt is disrupted, especialy after the melt
has left the die, resulting in a protrusion from the film which can be called a
gel. The actual molecules that are responsible constitute less than 1/100th of
the volume of protrusion. Cross linked gels are primarily formed in the
absence of oxygen and would therefore form inside the reactors of the
polymer production on the other hand, Oxidized gels tend to form during
extrusion, in the presence of oxygen.

Cross Contamination gels are the result of unintended mixing between

polymers of different density, molecular weight or comonomer type. The
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polymer mix is then extruded under conditions which do not allow adequate
melting and mixing to occur. An example of this gel type would occur
when using an extruder set up for LDPE film and running polymer (LDPE)
contaminated by a small anount of HDPE. The HDPE would not fully melt
under these conditions and would create gels. Unmixed/Non-homogenous
gels are the result of polymer blends extruded under conditions of
inadequate melting and mixing. Sources of these gels include poorly
dispersed additives, polymer blends with very different melting points. An
example of the latter would occur during the extrusion of a PP/HDPE
blend. Fibers / Contamination gels result from floss (conveying of polymer
using air), fibers from bagging materia or contaminants picked up as a
result of transport of the material.

2- Shapes of gelsin afilm

The following Classification of the appearance of the film extruded from
a particular resin helps indicates its quality and acceptability for a specific
end use (Guide, 1986).
a. Arrowheads. lines meeting at a rounded angle. They point in the

direction of extrusion.

b. Pinpoint gels: small, round imperfections which look as if the film is
pricked with a pin. They are usually uniformly dispersed and numerous
enough to cause a grainly appearance in the film. These defects are
usually confined to resins with deities of 0.931g/cm3or above and those
containing certain additives.

C. Gels or “fisheyes”: round or elliptical imperfections which are clear in
appearance. They vary greatly in size, from barely visible to as large as
[/16in (1.5mm) or more in diameter, and are usually unevenly dispersed.

The reactions responsible for gel formation during extrusion:

1- molecular growth as aresult of ether group formation.
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R+ O-R; R:;-O-R,

(WHERER;ANd R, Are Polymer Molecul es)
2- Molecular growth as the result of polymerization of vinyl groups
(unsaturation).

A second mechanism, cross linking through vinyl groups
(unsaturation), has been shown to be the most important process for
cross linking reactions. Vinyl groups are particularly capable of gel
formation since they have high mobility and low steric hindering
compared to other types of saturation.(Zweifel, 1989, 217-245;
Johnston, 651-82) The free radica remains available after .it has
attacked the vinyl group and molecular growth

will continue until it meets another and growing molecule or get
terminated.

mechanism of vinyl groups (unsaturation)
R1+R2-CH=CH2
R1-CH2-CH-R2+R3-CH=CH2

CH2-CH-R3
R1-CH2-CH-R2+R4-CH=CH2
CH2-CH-R4

CH2-CH-R3 ... etc
R1-CH2-CH-R2

Demonstrate the process of molecular growth through polymerisation of

vinyl groups. In the upper left hand side we have a free radical on polymer

molecule Rl Thisradical attacks the unsaturated group on molecule R2 and

forms a new bond, while leaving the free radical available to repeat the

process. This sequence will repeat until the free radical meets and

terminates with another.
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Since free radicals are critical for the cross linking process it is necessary
to understand the factors responsible for radical formation. Free radical

formation will be enhanced by the following changes.

Increasing the temperature to which the polymer is exposed ,

Increasing the unsturation and branch content of the polymer,

Subjecting the polymer melt to more mechanical stress,

Increasing the oxygen content of the melt .
3-The effect of the thermo-oxidative degradation cycle on radical

formation

Why is oxygen such an important factor in gel formation? The answer
can be found in the well-known thermo oxidative degradation cycle. The
problem is that hydro peroxides form in the presence of oxygen. These
molecules decompose into hydroxy and alkoxy radicals, adding two more
radicals to the one which started with. Each time when moved around on this
cycle we thus have a threefold increase in radical concentration is formed.
The level of free radicals in the polymer melt will increase as a result of this
cycle until an equilibrium level is reached. This equilibrium vaue will

depend upon the oxygen concentration, antioxidant availability, temperature,
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residence time distribution of the polymer, molecular structure of the

polymer and shear inside the extruder.

In order for molecules to reach the critical size afree radicalsis needed
as well as a mechanism through which these radicals can enable the growth
of molecules. What have not yet specificaly referred to, is the need for the
molecules to spend sufficient time inside the extruder. Only if the
molecules stay inside the extruder long enough will they be able to grow to
the critical size where they are able to disrupt the flow of the melt once the
polymer leavesthe die.

Under a given set of extrusion conditions the time required for reaching
the critical size will depend on the presence of precursor gel material.
Precursor gels are molecules which are larger than the average molecule
size in the polymer being extruded. They are not large enough to be visible
as gels, but can grow to the critical size in less time than the average
molecule. The more precursor gels, and the larger they arein size, the more
likely that we will -have gel -formation. All polymers contain precursor
gels; however they differ in number and size of these.

The oxidized gel become visible, if we look at the protrusion we call a
gel it is important to note that the actua cross linked/oxidized molecule
makes up a very smal part of the gel. As we explained before, the
disproportionate size of the gel compared to the molecule responsible
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results from the disruption in the flow pattern (difference in elastic
behavior) as the melt leaves the die. The oxidized molecule makes up
between 1/100" to 1/2000" of the volume of the gel. In the picture at the
bottom, we can identify the nucleus as the black center of the gel. The color
of the center depends on the time the molecule forming the nucleus has
spent inside the extruder and thus reacted with oxygen. With short
residence time it will be clear, as time increases it will become amber and
eventually become black.

It isimportant to remember that using a smaller screen pack size will not
be able to prevent oxidized or cross linked gels from passing through. The
gel nucleus is flexible, can break or squeeze through easily. A screen pack
of different mesh size may be beneficial however in that it will change the
melt flow profile and residence time distribution of polymer in the extruder

as aresult of change in back pressure.

RESULTSAND DISCUSSION

The composition of gel formation in blown film was analyzed
as Lanufene HDF-5116 and Equate film grade manufactured with the
same process technology at low pressure. Results showed different gel
shapes, large and large enough sizes. It looks like an dliptic in shape, it
may be formed from cross-linked that have higher molecular weight due to

long chain lengths folded as flakes. Consequently the nucleating agents
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such as silica dust either residua of inorganic metals (catalyst) or additives
during compounding which acting as impurities dispersed on the film may
give rise to entanglements .Although in the presence of the divided particles
together with rapid cooling rates at low temperature produce a large number
of small spherules, this in turn lack the mechanical properties in which
increases clarity, impact strength and elongation at break as well as tear
resistance.

For a HDPE or LLDPE molecule to become large enough to be visible
as a gel a mechanism through which the molecules can grow larger, until
such time as they have reached the critical size where they become visible
asage. The gel formed through polymerization reactions in the adhered on
the wall of the reactor as chunk. In spite of explicable an increase in
temperature will increase the polymerization rate and therefore, generate
additional heat to dissipate. Heat of exothermic reaction remova becomes
particularly difficult near the end of polymerization when viscosity is high.
This is due to the high viscosity which limits the diffusion of long-chain
radicals as retired for termination. This means that radical concentration
will increase and therefore, the rate of polymerization also will increase the
diffusion of small monomer molecules to the propagation sites which is less
restricted.

This means that the termination rate decreases more rapidly than the
propagation rate and the overall polymerization rate therefore increases with
accompanying additional heat production, thisis called the Trommsdorff or
gel effect.®

For this process the molecular growth needs free radicals. A free radical
is amolecule possessing an unpaired electron, and therefore can react with
another free radical to form a new bond. The moment free radicals are
created the degradation process. The degradation can comprise scission

(breaking of molecules), oxidation (if oxygen is present), molecular growth,
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branching etc. The reaction conditions and molecular structure will
determine which of these processes will dominate.

Figures 1 and 2 show the white color spots at differed shapes dispersed
in the film pattern determined by microscopy magnified 100x. The small
gels aggregate together and produce a large size of unmelted gels.

Microscopy 100x

Fig .1 Unmelted gel PE film

Microsco Py 100x

Fig. 2 Cont’d gel formation
Figure 3 shows the large white color gel as an dliptic in shape,
determined by SEM magnified 10,000x. The gel shown very high molecular
weight in its structure, its responsible for cracking the film and diminishes a
mechanical properties asin Fig. 6. It is believed that the large size gels are
formed by nucleating agents such as inorganic metals, on which comes
from a catalyst or wearing.
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Fig. 3 Gel formation in HDF-5116
Figures 4 and 5 show that the gels are causing the defect in the film
pattern which appears as filament crack. Thus, the products are
encountering competed in the global markets, a price related to
specifications.

Fig. 4 Film crack by gel formation
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Figure 6 shows that ,the gel content destructed the film
lost its interchain forces that fight the chains, and caused a

pattern. The film
weak strength of

mechanical properties, such as stiffness and impact strength.

D= 16 mm gnal A = SE1 Date
= 519KX PholoNo. =214 Time

122 Jul 2003
AHITO4

Fig. 6 gel formation in the Lanufene HDF-5116

Figure 7 aand b shows difference between Lanufene and Equate at the
same process conditions. The Lanufene is a lower in mechanical properties

due to lack of additives and/or alot of gels.
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Fig.7 Mechanical properties Comparison between Lanufene and Equate
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Fig. 8 shows small visible gel that doesn’t affect the mechanical
properties due to gel size. The chains are well tighted and held together
by secondary forces (branching) and reinforces the mechanical properties
compared with Fig. 6.

Fig. 8 Gel formation in the equate HDPE

Table 1 represents the increase of molecular weight with increasing
mechanical properties such as tensile strength at break and at yield in the
Equate grade as compared to Lanufene. The viscosity of Lanufene is higher
than both the equate and brazailian due to short chain branching that inhibit
the packing of chains and hence reduce secondary forces between chains,
which leads to a reduction of strength, as shown in Table 3. The reason can
be explain as the equate product uses hexene-1 as co-monomer rather than
butene-1,which is used in the Lanufene product.

Table 1. Comparison of mechanical prosperities between Equate and

Lanufene

Test Unit Equate Lanufene
T.S at bresk N/mm? 32.77 25.6
T.SatYield N/mm 27.04 18.9
Elongation % 810 790
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Table 2 shows the analysis of gel formed and matrix of the filmby SEM
technique. We found Nb element was found in both products. Nb is more
than 85% concentration in Lanufene other than the Equate, Nb is poisonous
element in the filmacts as electron acceptor (active sites) that owing a chain

entanglements in which leads to cross linking and formed gels.

Table 2. The chemical compositions of the film and gel formation by SEM

Elements Nb S Cr Al C Fe
GEL 99 | 024 | 004 | 0.11| 89.6 | 0.06
FILM 729 | 033 | 0.06 | 0.20| 73.34 | 0.07
Lanufene
GEL 1.38 | 0.04 | 0.01 | 0.05|90.87| 0.01
FILM

0.99 | 0.054 | 0.004 | 0.06 | 81.43 | 0.007
Equate

Table 3 shows comparison anaysis result for physical properties of PE
films, it is found that the melt index and melt flow index in Lanufene to be
higher than that of equate and Brazilian grades. Melt index is inversely
proportional to the molecular weight. The Lanufene product shows lower
mechanical properties such as impact strength , strength at break and at
yield as shown in Fig 8. Méelt strength and elasticity increases with
increasing long chain branching, broad molecular weight distribution
(BMWD) and molecular weight. Increasing densities in Equate and
Brazilian products, compared with Lanufene results an increase in
crystallinity which leads to higher rigidity.
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Table 3 physical properties of Polyethylene Products

Test name Units | ASTM Method | Lanufene | Equate | Brazilian
Melt index g/10min | ASTM D-1238 0.149 0.063 0.065
Melt flow index | ¢/10min | ASTM D-1238 16.70 10.30 10.80
Melt flow ratio - ASTM D-1238 112 163 166
Density g/cc ASTM D-1505 0.9501 0.9558 | 0.9541
Conclusion

R/
A X4

The concentration of niobium element in the Lanufene film grade was
higher than the equate film grade.

Severa large size gels present in HDF-5116 caused poor mechanical
properties.

Different types of gels were found.

Melt flow ratio and density in Lanufene product was less than that of the

Equate and Brazilian products.

Recommendation

The importance of availability of lab bench-scale reactor for studying

and research.

Studying the possibility of using 1-hexeneas aco- monomer instead of
1-butenein order to improve the mechanical propertiesin the film grade,

Importing the catalyst as a batch for use in polymerization process

instead of mixing the imported raw chemicals.

cooperation between PRC, Raslaunf and international expertise for

modification and development of PE specifications.
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