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~ Preface
The Second Issue of Volume 38. 2025

The Scientific Journal of the University of Benghazi is pleased to announce

the publication of its thirty-eighth issue, second edition, for December 2025.

This issue contains twelve research papers in the humanities, applied sci-
ences, and medical sciences.

The published papers have undergone the journal’s established procedures,
including plagiarism screening, artificial intelligence detection, and scientific peer
review by distinguished reviewers from Libyan and Arab universities.

The Editor-in-Chief extends his gratitude to the members of the Editorial
Board for their efforts in serving scientific research and enhancing the university’s
standing, and encourages researchers to continue publishing in the journal in forth-

coming issues.

Sincerely
The Editor-in-Chief and Editorial Board
The Scientific Journal of University of Benghazi (SJUOB)
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ABSTRACT

There is an inevitability and increasing use of technologies such as Artificial Intelligence (Al) in
language teaching and learning. This research investigates EFL Libyan teachers’ perceptions of the
effectiveness of integrating Al tools in EFL teaching in the Libyan context. The study employed a
quantitative approach of research in which a questionnaire was distributed to collect data from 20 EFL
Libyan teachers in the department of applied linguistics at the Faculty of Languages at Benghazi Uni-
versity in Libya. The questionnaire examined data relevant to Libyan EFL teachers’ perspectives on
integrating Al in their teaching process and the challenges encountered. The results showed that most
participants had a positive attitude towards using Al in their teaching. The majority believed that Al is
important for helping students improve their language skills and making English teaching more effec-
tive. In addition, they mutually agreed that Al encouraged their students to participate more actively
in class and helped to reduce their anxiety about making mistakes. However, the study revealed that
participants collectively faced challenges in using Al. One major challenge was that they mostly relied
on self-study to learn about these technologies rather than formal training. Findings of this study pro-
vide feedback to the head dean of the Department of Applied Linguistics for possible improvements.
Furthermore, these findings can inform future enhancement initiatives in other similar Libyan EFL
contexts. A better integration of Al into educational settings is needed, and more support and training
are necessary for successful implementation.

KEYWORDS: Instructors, EFL context, Artificial Intelligence.
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1.INTRODUCTION

In recent years, there has been a notable integration
of technology, particularly artificial intelligence
(AID) within EFL classrooms. Al tools, such as chat-
bots, voice recognition systems, and platforms like
ChatGPT, have demonstrated effectiveness in en-
hancing the teaching and learning of English 2. The
proliferation of mobile computing and widespread in-
ternet access has catalyzed the development of online
learning platforms providing learners with convenient
access to diverse educational resources *+* ).

The term “artificial intelligence” (AI) was first coined
by John McCarthy who was the inaugural professor
of Al at Stanford University in 1955. He defined Al
as the science and engineering of crafting intelligent
machines ©. Al fundamentally involves the creation
of computer systems or machines that demonstrate
a range of competencies such as computer vision,
speech recognition, and problem-solving .

Many researchers (Chen et al., Tang et al., and Zhai et
al.) believe that Al can greatly improve language edu-
cation by enhancing teaching methods and helping stu-
dents achieve better results ®* 1. Some think that Al
can reduce teachers’ workload by handling repetitive
tasks like grading and giving feedback. This allows
teachers to spend more time on direct teaching and
supporting students V. Others (Like Jeon ?) believe
that Al helps students develop decision-making skills
and prediction abilities 1?. Various Al tools can assist
learners in improving their language skills * 3. A
significant benefit of incorporating Al into EFL class-
rooms is its ability to personalize learning providing
individualized feedback (42,

Despite recognizing the above benefits of Al tools,
many educators expressed concerns about their impact
on academic learning. Some argued that using Al may
negatively affect the quality of education and students’
learning outcomes 9. Students might misuse Al tech-
nologies for dishonest purposes such as, plagiarism

which could affect the authenticity of their work 9.

Another major concern of Al tools in learning is that
students might use generative Al tools to cheat in their
written assignments, presentations, and exams (7.
This could weaken students’ writing skills and critical
thinking, as they depend more on automated technol-
ogies to complete their work !®. Additionally, some
educators stress the importance of human interaction
in language learning, especially for understanding
cultural nuances and context, which Al cannot fully
provide (%29, Moreover, incorporating Al into EFL
classrooms comes with challenges including the costs
and technical skills needed to establish and maintain
these systems 1.

The extent of application of Al in EFL contexts has
been recognized many by researchers. For example,
Alshumaimeri and Alshememry @, in 2024, con-
ducted a systematic review of the literature on the
applications of Al in English as a Foreign Language
(EFL) education. Findings suggested that argumenta-
tive writing in Al applications had received the most
research attention, followed by language education,
automated feedback, surveys, and translation research
22, Also, Abolkasim and Hasan ?® evaluated the po-
tential for incorporating Artificial Intelligence (Al)
technologies in the process of learning at the univer-
sity level in Libya, examining both the students’ and
staff members’ perspectives. The results showed that
there was a strong tendency to use ChatGPT in the
educational system in Libya by both the students and
instructors, for purposes such as scientific research,
studying, planning lectures, answering assignments,
and writing tasks. However, some concerns were
raised about students becoming too dependent on Al
tools, which could affect their integrity and creativ-
ity ®. Furthermore, Hmouma “¥ conducted a study
in 2024 where views of EFL students from Al-Rifaq
University in Tripoli/ Libya regarding the use of Al-
based language learning applications were examined.
The results showed that most participants were in fa-

vor of using Al tools, and expressed a preference for
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personalized learning experiences and the immediate
feedback that Al provides. However, there were no-
table concerns about the possibility of Al replacing
teachers in the future @4,

Although Al is becoming more common in education
29 jts exact role is still unclear ®, making it difficult
for teachers to understand how best to use it in EFL
classrooms. Moreover, there is still a need for more
understanding of educators’ perception of Al tools in
teaching and learning ®®. The significance of this re-
search lies in the fact that, to the best of the research-
er’s knowledge, no previous study has investigated the
perceptions of EFL teachers in the Department of Ap-
plied Linguistics at the Faculty of Languages in Beng-
hazi towards the use of Al tools in teaching. Therefore,
this study aimed to add to the literature and to gain
insights into the perceptions of EFL Libyan instructors
regarding the benefits and challenges of integrating Al
in Libyan EFL classrooms. This research would assess
the advantages and obstacles associated with using Al
applications in EFL classes, aiming to provide valu-
able insights and recommendations for the head dean
of the Faculty of Languages. Specifically, the study
aimed to answer the following question:

1.What perspectives do Libyan EFL instructors in the
department of Applied Linguistics at the Faculty of
Languages at Benghazi University in Libya hold re-
garding the use of using Al tools in teaching English as
a Foreign language in Libyan EFL classrooms?

2. MATERIALS AND METHODS

The researcher, being a member of the Applied Lin-
guistics Department, chose her colleagues to take part
in the study because she is directly involved in this
teaching environment. The main goal of selecting this
group was to understand their views on using Al tools
in teaching aiming to show the overall situation among
the department’s teachers and to offer feedback to the
head dean for potential improvements. A total of 20
Libyan EFL instructors from the Department of Ap-
plied Linguistics at the Faculty of Languages, Beng-

hazi University, took part. These participants included
both male and female teachers and represented the
whole population of the teaching staff of the depart-
ment for the academic year 2024/2025. The head dean
of the Faculty of Languages confirmed this selection.
This study used a descriptive-analytical approach. A
quantitative research method was employed due to
its efficiency in terms of time as it allows the collec-
tion of data from a significant number of participants
within a relatively short period. Moreover, this meth-
od facilitates objective analysis and interpretation
through the use of numerical data and statistical tools
@7 A closed-ended questionnaire was employed based
on Kumar @” who noted that the use of closed-ended
questions in a questionnaire facilitates the collection
of the desired data by the researcher and simplifies the
analysis process.

The selected questionnaire was employed because
it provided relevant data to this research questions
mentioned earlier. That is, the questionnaire focused
on two main topics: (1) the role of Al in learning En-
glish as a second Language, and (2) how utilizing Al
can improve the English Language Teaching (ELT)
process, with the second topic focusing on the chal-
lenges that are associated with the application of Al
to the educational process. The questionnaire included
seven items. Each item used a Likert scale from one
to five. The five possible responses were: strongly
agree, agree, neutral, disagree, and strongly disagree.
The questionnaire was adopted from Alhalangy and
AbdAlgane . And it was distributed to participants
in person not online.

3. RESULTS AND DISCUSSION

To analyze the data collected from the questionnaire
responses, the researcher employed the formula pro-
vided by Zamri et al. ®, which was as follows:

P=F x 100%

N

Where, P= Percentage, F= Frequency, N= Total num-

ber of the respondents. The total responses for each
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item should add up to 100%. After applying this for-

mula to the participants’ responses, the results were

described statistically. These findings are presented in

Table (1) below.

Table (1): Descriptive Statistics of Participants’ Responses to the Questionnaire Items

Questionnaire Statement Strongly Agree | Agree | Neutral | Disagree | Strongly Disagree
1. Artificial Intelligence (AI) plays a significant
. . . 65% 35% 0% 0% 0%
role in promoting EFL learners’ language skills.
2. Utilizing Al could facilitate the ELT process. 60% 30% 5% 5% 0%
3. Integrating Al tools into ELT poses challenges
. 10% 45% 40% 5% 0%
for both instructors and learners.
4. My professional development in using computer
. L - 70% 20% 5% 5% 0%
and internet services is based on self-training.
5.1 believe that incorporating Al into the classroom
encourages learners to take an active role in their 50% 30% 10% 10% 0%
learning.
6. Al technology reduces the stress of trial and
in leaming 30% 45% 5% 10% 10%
error in .
7. Al could cause boredom and a lack of desire
to learn and teach EFL since both learners and 10% 5% 30% 35% 20%
teachers deal with machines.

To ensure clear and smooth discussion to the ques-
tionnaire results presented in Table 1 above, the data
from each item were presented using pie charts. These
charts employed a distinct color scheme to represent
the different Likert scale responses: blue for “strongly
agree,” green for “agree,” yellow for “neutral,” orange
for “disagree,” and red for “strongly disagree.” This

color-coding was chosen to visually separate the re-

sponse categories, making the data easier to interpret
and understand.

In the first item of the questionnaire, 65% of partici-
pants strongly agreed that Al plays a significant role
in enhancing EFL learners’ language skills, 35% had
agreed as well. The results are illustrated in Figure 1

below.
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M strongly agree  H agree

B Hstrongly disagree

Figure 1: (Participants’ Responses to the First Questionnaire Item).

The pie chart shows that all participants believe Al can
enhance students’ language skills, with 65% strongly
agreeing (blue) and 35% agreeing (green). This pos-
itive perception may stem from teachers’ experiences
using Al in their classrooms, where it provided clear,
easy-to-understand materials that helped learners prac-

tice effectively. Notably, no participants selected neu-

tral, disagree, or strongly disagree options, indicating
unanimous agreement with the statement.

In the second item of the questionnaire, participants
were asked whether Al could help improve the process
of teaching English as a foreign language (EFL). The

results are illustrated in the pie chart below.

m strongly agree W agree

neutral

u  mstrongly disagree

Figure 2: (Participants’ Responses to the Second Questionnaire Item).
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Figure 2 shows that most participants (60% strongly
agreed (blue) and 30% agreed (green) have a positive
attitude toward using Al to support English Language
Teaching (ELT). This positive view may come from
their own teaching experiences, where they used Al
tools and saw how these tools made teaching easier
and more effective. However, one participant (5%)
gave a neutral response (yellow), and another partici-
pant (5%) disagreed (orange) with the statement about

Al’s usefulness. These less positive views may be due

to concerns about AI’s accuracy, with some fearing
that AI might provide incorrect or misleading informa-
tion. Additionally, they may believe that teaching is a
personal and human activity.

In the third item of the questionnaire, participants
were asked whether integrating Al tools into English
Language Teaching (ELT) creates challenges for both
instructors and learners. The results are shown in Fig-

ure 3 below.

M strongly agree ™ agree

neutral

W disagree M strongly disagree

Figure 3: (Participants’ Responses to the Third Questionnaire Item).

Figure 3 shows that more than half of the participants
(45% in green and 10% in blue) agree that Al presents
challenges for teachers and learners. This indicates
that these participants likely have experienced using
Al in their classrooms and understood the difficulties
it could cause. It appears that they have directly en-
countered these challenges during their teaching. On
the other hand, 5% of participants were neutral (yel-
low), and another 5% disagreed (orange). This may be
because they have not yet used Al in their teaching or
do not have enough knowledge about these challenges

to fully recognize the problems involved.

Additionally, item four in the questionnaire explores
whether participants’ professional development in
using computers and internet services stems from
self-training. These results are illustrated in the pie

chart below.
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Estrongly agree W agree

neutral

® strongly disagree

o disagree

Figure 4: (Participants’ Responses to the Fourth Questionnaire Item).

Figure 4 shows that most participants (70% in blue
and 20% in green) agreed that their professional devel-
opment in using computers and the internet is mainly
based on self-training. This suggests that they have
recognized the importance of improving their comput-
er and internet skills and have seen their profession in
teaching is a self-directed responsibility. However, 5%
of participants disagreed, and another 5% strongly dis-

agreed (shown in orange and red respectively).

This disagreement might be because these participants
rely more on formal training programs, such as work-
shops, seminars, or official sessions provided by their
institutions.

Item five in the questionnaire asked participants
whether using Al in classroom activities can help
learners become more active in their learning. The re-

sults are clearly displayed in the pie chart below.
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M strongly agree

W agree

neutral

o disagree @ strongly disagree

Figure 5: (Participants’ Responses to the Fifth Questionnaire Item).

As indicated in Figure 5 above, most participants
(50% strongly agreed in blue and 30% agreed in
green) support the statement that using Al activities
in the classroom helps students become more active
learners. They likely hold this view because they have
observed increased student participation when Al was
used in their classes. 10% of participants were neutral
(presented in yellow), possibly because they have not
noticed any effects of Al or have not used Al in their

teaching. Another 10% disagreed (reflected in orange),

and none strongly disagreed. These participants may
not rely on Al to engage their students or to select
classroom activities that encourage their students’ re-
sponsibility. This suggests that while many see Al as
helpful for student engagement, some remain uncer-
tain or skeptical about its role in the classroom.

Item six in the questionnaire investigates whether us-
ing Al technology reduces the stress caused by trial
and error in learning. Results are clearly shown in the

pie chart below.
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Estrongly agree W agree

neutral

u strongly disagree

o disagree

Figure 6: (Participants’ Responses to the Sixth Questionnaire Item).

The figure above clearly indicates that most partici-
pants (30% strongly agreed in blue and 45% agreed
in green) believe that Al tools can reduce stress by of-
fering personalized learning and helping students han-
dle difficult tasks more easily. This positive view may
come from their experience using Al in classrooms,
where it improved learning and reduced frustration.
They also agreed that Al can provide emotional sup-
port and simplify complex tasks, which helps lower
stress during learning. Five percent of participants
were neutral about this statement. However, 10%

strongly disagreed and another 10% disagreed.

These participants might think that Al tools cause
confusion and cognitive overload instead of making
learning easier.

They may also believe that students benefit more from-
face-to-face explanations than from Al-based learning.
The seventh item in the questionnaire asked partici-
pants whether using Al could cause boredom and re-
duce motivation to learn and teach English as a For-
eign Language (EFL). The percentages are shown in
the pie chart below.
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Estrongly agree W agree

neutral

u strongly disagree

o disagree

Figure 7: (Participants’ Responses to the Seventh Questionnaire Item).

The pie chart in Figure 6 above shows that less than
one quarter of participants (10% strongly agreed in
blue and 5% agreed in green) believe that Al could
cause boredom and reduce motivation to learn and
teach. This view may stem from the idea that the lack
of emotional connection and real human feedback in
Al tools makes learning less personal, which can low-
er students’ motivation and engagement. It might also
be related to the fact that Al provides instant answers,
which could make teachers and learners less active in
thinking critically. Thirty percent of participants were
neutral.

However, more than half of participants (35% dis-
agreed in orange and 20% strongly disagreed in red)
rejected the idea that Al causes boredom or frustra-
tion. These participants likely believe that Al can offer
learning materials that fit individual learning styles,
making learning more enjoyable and engaging instead
of boring.

4.CONCLUSION

The study concluded that the majority of Libyan EFL
instructors in the Department of Applied Linguistics

at the Faculty of Languages in Benghazi during the

2024/2025 academic year had a positive attitude to-
ward using artificial intelligence (Al) in their teaching.
Instructors viewed Al as important for helping stu-
dents enhance their language skills.

They believed Al encourages active participation and
reduces the fear of making mistakes. Most instructors
did not think AI causes boredom or lowers motivation;
rather, they saw it as a tool that provides personalized
learning materials to meet individual needs and boost
engagement. However, many teachers reported facing
challenges when using Al and primarily learned to use
these tools through self-study.

Findings of this study were in consistence with Abol-
kasim and Hasan ®¥, whose study showed a strong
interest in using Al tools in Libya’s education system.
However, some worries were raised about students be-
coming too dependent on Al tools, which might cause
laziness and affect their honesty and creativity ¢*. The
results of this research also aligned with Hmouma @9,
who found that EFL students support using technology
to improve their English skills, and valued the quick
feedback that Al offers. Despite this, several concerns

were still expressed @¥. Finally, findings of this re-
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search are somewhat similar to those of Alshumaimeri
and Alshememry ?? who conducted a systematic ex-
amination for 80 papers from IEEE, Scopus, and Web
of Science databases and found that Al tools were the
most preferred applications among Liban EFL partic-
ipants.

Findings of this study provide significant feedback
to the head dean of the Faculty of Languages that it
is crucial that Al tools be formally integrated in EFL
classrooms. The study contributes to existing literature
by examining teachers’ perceptions of Al in an area not
previously explored. It found that EFL Libyan teachers
in the Department of Applied Linguistics at the Facul-
ty of Languages have a positive attitude toward using
Al in teaching. Moreover, these findings can guide
future improvement initiatives in other similar Libyan
EFL contexts. The researcher recommends that future
research aim to find solutions to the identified AI chal-
lenges in this study. Additionally, educational proce-
dures for effective integration of Al into classrooms
provided in formal institutional programs are urgent
to develop clear guidelines and ethical frameworks
for Al use classrooms. Finally, this research is limit-
ed to teachers of Applied Linguistics at the Faculty
of Languages in Benghazi, future research should be
conducted in other Libyan EFL settings and focus on
how Al can support the development of specific lan-
guage skills, such as reading, writing, listening, and
speaking.
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ABSTRACT

The specific In this study, some of the nuclear properties of the even-
even thorium isotopes in the mass range A=(220-230) were studied with-
in the interacting boson model (IBM-2) framework. The parameters in the
Hamiltonian of the IBM-2 model were used to determine which one best fits
the experimental spectrum. The NPBOS code was used to diagonalize this
Hamiltonian, and the energy level was obtained. Our theoretical calculations
and the latest experimental data showed a reasonable degree of agreement.
From these calculations, it was possible to determine the dynamic symme-
tries of these isotopes based on several tests that rely in their calculations on
energy levels. Based on the results of the tests used, The isotopes ~ 26-230)py,
were classified as having rotational symmetry SU(3), 2&th  had X(5)
symmetry while the isotope  23th  had vibrational symmetry U(5), and
the isotope  222rn  had unstable gamma symmetry O(6). The phenome-
non of backbending of these isotopes was studied, which only appeared in
the isotope ~ %3Th
KEYWORDS: dynamic symmetries IBM-2 model, ®**~#Qth isotopes.
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1.INTRODUCTION

The study of nuclear collective motion through the spec-
troscopy of medium-mass and heavy even-even nuclei is
one of the most fascinating areas of nuclear physics [1].
The atomic nuclei within the actinide region, particularly
thorium isotopes in the mass range A=220-230, provide
an excellent testing ground for investigating structural
evolution in nuclear architecture. These isotopes reside
in a transitional region between well-established nuclear
collective spectra.

Many models were developed to study various nuclei be-
cause there was no standard theory that could be applied
to all of them [2]. One of the main phenomenological
approaches used within these models is the IBM-2 mod-
el, which effectively describes nuclear collectivity and
collective motion in terms of bosons. Arima and lachello
[3] introduced the interacting boson model (IBM-2), one
of the algebraic models for studying nuclear structure.
Based on group theory, this model characterizes different
kinds of nuclear collective states in even-even nuclei.
The bosons, which are pairs of identical valence nucle-
ons with angular momenta of (J=0) for the s state or (J=2)
for the d state, are treated as separate constituents, while
the nucleus is regarded as an inner core. This model,
which is based on algebraic Hamiltonians and is ideal for
studying phase transitions, has been widely used to study
nuclei from various mass regions. The nuclear shapes in
this model that undergo the transition are linked to dy-
namic symmetries, which allow for the analytic solution
of the pertinent observables [4].

The IBM-2 model allows for the replication of three
distinct classes of nuclei that, according to standard no-
menclature, correspond to axially symmetric deformed
rotors, vibrational rotors, and y-unstable rotor nuclei con-
nected with subgroups in the group reduction process,
which begins with the top group U(6) and are designated
as SU(3), U(5) and O(6), respectively [5]. Since most
collectively structured nuclei have mixed properties
rather than just one symmetry, a new class of symme-

tries that apply to systems localized at critical points was

proposed. A recent proposal describes nuclei at the points
of phase transitions between various dynamical symme-
tries using the critical point symmetries E(5) and X(5).
The phase transition from U(5) to O(6) is represented by
the E(5) critical point symmetry, whereas the transition
from U(5) to SU(3) is described by the X(5) critical point
symmetry [6].
In the present study, we employed the IBM-2 model to
calculate the low-lying energy levels of thorium isotopes
in the mass range A = 220-230. The calculated results
are compared with available experimental data. Many
methods, such as the E-GOS curves, the back-bending,
the ratio r(I+2/I) and ratio R(4/2) were used to identify
and verify the general characteristics of these isotopes.
The Hamiltonian of the Proton-Neutron Interacting
Boson Model (IBM-2)
In the IBM-2 model, the degrees of freedom of protons
and neutrons are explicitly considered; therefore, the
Hamiltonian can be expressed as [1,3,7]

A = e(fign + ) + ki Qe Q) + Vian + Vo + My (1)
Where & is the d-boson energy, for proton
gqr and neutron &gy

,are assumed to be equal

(En=¢8,=¢8) | figp (p=mv) is number

operator of the d-bosons

Ky - 18 the strength of the quadrupole interaction
between neutron and proton bosons, ng) the quad-
rupole moment operator is given by:

QP = (shd, + disp) @+, (dfd )@ ... )

Xp is the quadrupole deformation parameter for neu-
(p=v) (p=m ,the

Ve and V,, represent the interaction be-

trons and protons
term
tween like-bosons, and they are written as:

Vop = Ticozs WVZLF 1 (@O @) 0] +1,02.02 ..(3)
The last term in equation (3) is quadrupole interaction
among similar bosons.

The Majorana operator is contained in the final term of
equation (1) and is typically added to eliminate states of
mixed proton- neutron symmetry. It is possible to write

this term as[8][9]:
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Energy Ratios and Nuclear Shape Transition
Nuclear shape phases are manifestations of the collec-
tive motion modes in nuclei. Consequently, numerous
methods have been developed to study and identify these
symmetries [6].

Energy Ratio R (4/2)

The energy ratio R (4/2) between the first 27 and
excited states serve as a key indicator of nuclear shape
transitions along isotopic chains. It ranges from R (4/2) =
2 for vibrational nuclei near spherical shapes, to R (4/2)
= 3.33 for deformed rotor, and R (4/2) = 2.5 for y-soft
nuclei [10].

E-GOS Curves

The relation R=Ey (I-I-2)/I, known as the E-GOS
(Energy Gamma Over Spin) curve, was introduced by
Regan et al. [10]. It effectively highlights vibrational and
rotational behaviors, as well as transitions between them,
without requiring prior structural assumptions.

The information provided by this relation is valuable for
understanding structural evolution along the yrast line
in even-even nuclei. For the three limiting cases, the

E-GOS relations are given by [11]:

ho 2o

(Vibrational ) R(l):T — 0 .....(5

(Rotational) R(I) = 2_?(4_ — %)

(y — soft) R(D) = %(1 + %)

I
The symmetry for the excited band of even-even nuclei

1+2
The Ratio r(—)

was defined by constructing the following ratios for a

given for each spin.
1+2 1+2

r() = [REep—F] x

The properties of each nucleus were ascertained by ap-

1(1+1)
1(1+2)

plying this relationship to a collection of distinct nuclei,
I+2
where  R(—)exp is the experimental value of the ra-

tio in equation (8) [11]. by the limits 0.1 < r < 0.35

for the vibrational nuclei, 04<r<0.6 for the

y-unstable nuclei,and 0.6 <r<1 for the rotational
nuclei.

The Back-bending Phenomena.

This phenomenon was discovered by Johnson et al. [12].
They observed that a significant increase in the moment
of inertia at a specific angular momentum was accompa-
nied by a decrease in the energy of the Gamma-transition
connecting states with spin I and I-2 in certain nuclei
[13]. This effect causes the value of 4 to backbend, as
quantified in reference [2].

hw=——2>E (9
ViI+D -/ (=2)(-1)
And the immediately of inertia is given by:

20 41-2

h2~  AE

e (10)

Where  AE = E(I) - E(1 - 2)
2.RESULTS AND DISCUSSION
Energy Levels
Theisotopes  ®**"*3DTh have Np=4 and

N, varies from 2 to 7. Tables 1 and 2 list the
Hamiltonian parameters best fit values. Theoretically,
one nucleus energy spectrum can be fitted by varying
each parameter separately. The values of the parameters
were chosen, and one parameter was then allowed to
change while the others remained constant until the best
fit was achieved. Iteratively, this process was continued
until a general fit was obtained. After choosing the prop-
er parameters for each isotope, we applied the Hamilto-
nian of IBM-2 to our study in order to calculate the theo-
retical values of energy levels. For numerical calculation,

the computer program NPBOS is used to diagonalize the
IBM-2 Hamiltonian and generate energy space[14].
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Table 1. the best fit values of the Hamiltonian param-

eters for .
¥ BiThyzg HiThys, BiThys, M2
2.5 —o—EXP
€ 1.091
K -0.089 0.940 1.096
Xn 3.460 -0.089 -0.093 204
Xy 2232 2.924 1.804
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Table 2. the best fit values of the Hamiltonian param- N
eters for.

A 226 228, 230
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o 90 136 s0Thige | 0Thuso Figure 1: Comparison the experimental and IBM-

: s wall el 2 calculated levels of ground state band fi

alculat e AY te band for
p o0 008 008 calculated energy levels of ground state 0

Xn 5.741 5335 5341 (220=230)1y,  jsotopes [15 — 20]

X 2459 2530 2450 The Figure. 1 displays both the experimental energy and
Cly(L=0) 0.819 0.940 0.930 he osti lovels in .
LL=2) 0.469 032 PYTT] the estimated energy levels in the ground states band for
Clo(L=4) 0112 -0.152 -0.147 (220-230)01y,  jsotopes using the parameters in the
Cly(L = 0) 020 0.690 0.6%0 Table 1As demonstrated, there have a good degree of
CLy(L=2 0420 0.130 -0.001 . .

=2 agreement between experimental and theoretical values
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3 1790 0970 0.950 of the energy levels.
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Figure 2: Comparison the experimental and IBM-2 cal-
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culated energy levelsof y—band | and beta band for
2§ | 4% statesand  0F  state respective-

ly. for (220-230)qy  isotopes [15 — 20]

The Figure 2: shows the available experimental and cal-

culated energy levels in the beta band for 03 state

andthe y—band for 23 ,
(220-230)pp

4% states for the

isotopes , results were obtained that

were in reasonable agreement with experimental calcu-

lations.

Dynamical Symmetry of Thorium Isotopes
(220723‘%Th. )

1. Energy Ratios R (4/2).

To characterize the evolution of collectivity in the thori-

um isotopic chain, we examined the energy ratio R(4/2).

The thorium isotopes change from a vibrational structure

to a rotational one as the number of neutrons increases,

as seen in Figure 3.

The findings showed that isotopes ~ (226-230)7h  had

properties of SU(3) symmetry, whereas ~ 222Th  and
#20Th  follow the O(6) and U(5) limits, respectively.

The isotope  2**Th  lied at the critical point defined

by the X(5) symmetry.

0
—

3.24
{su)t -

o X(5)

N 0(6)"
g

0 ugs)t

T T T T T T
130 132 13 136 138 140

E‘ﬁr (220—230),[,h

N of

Figure 3: The ratio o

isotopes.

2.E-GOS Curves.
In this study, we plotted E—GOS  curves using data
for the ground states band of the even-even nuclei ex-
tending from  229Th to  36Th .We compared the
E—GOS curves with the ideal limits for a harmon-
ic oscillator, where the first excited state is located at an
energy of  E,+ =500 Kev , an axisymmetric rotor is
located at an energy of  E2f =100 Kev, and the y-soft
at energy Ezr =300 Kev.
As shown in Figure 4, the comparison with these ide-
al symmetry limits reveals a clear pattern. The E-GOS
curves for isotopes — (224-230)  consistently align
with the SU(3) symmetry across all spin (I) values.
Furthermore, the curve for  ?**Th  matches the O(6)
symmetry, while that of ~ 22°Th  Th corresponds to the
U(5) limit.

252 T T T T T T
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Figure 4: Comparison ofthe E— GOS  curves
220-230 H
for the ground states band of ~ € ; 3Th isotopes
calculated with the  E — GOS curves for the three
standard states  U(5),0(6), and SU(3).
1+2
3. The Ratio r( ).

Figure 5 presents the calculated ground-state band for

the thorium isotopes ~ *2°"**9Th . The behavior of
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the ratio r as a function of spin / for each isotope can be
observed and interpreted.

For the vibrational-like nuclei  **°Th and ~**°Th

, the rratios begin at a low value and increase with spin /.
In, *°Th some negative r values are observed. This
can be attributed to the isotope’s near-spherical magic
properties, as its neutron number N=130 is close to the
magic number N=126.

According to our analysis, 22*Th s interpreted as
a critical-point nucleus. Consequently, its properties are
consistent with the X(5) dynamical symmetry, which
describes nuclei at the transition between spherical and

deformed shapes.

040 e Thn ——Th2 10 e Thaoe

suE)t

"61e)l

o s —Thazs —Tha3

=075 =075 075

065

supt 1 supt suat

055 055 055

Figure 5: The ratio r((I+2)/1) as a function of I for the

. . (220-230)
even-even isotopes of thorium 90Th

(226=2301y | the r values

For the heavier isotopes
align with the characteristic pattern for a rotational nu-
cleus. They start with a value close to unity and exhibit a
steady decrease with increasing spin /.

4. The Back-bending Phenomena

To investigate the phenomenon of back-bending, we
plotted the moment of inertia, ;—? as a function of the
square of the photon energy  (hw)?  emitted when the

nucleus transitions from state I to state I-2, for the tho-

rium isotopes #2923y | This relationship, shown
in Figure. 6, reveals that backbending occurs only in
*2Th _ For this isotope, the backbending phenome-

non is observed at spins [ =8 and I = 12.

[’}

™ —-Th2 —o- Th
[
-
w
9 1]
[} 12-
w
w J
- - i
7 b f § p
30 « 3 i 3
5 - 2 4
b b { b
%o € y P
H b H H
K N H
& -
4 o d
) P n
ol ¢ P
af ¢
W oW w s W o2 ob o 05 W o 0w om0k
MV} Haler Halpen?
w - w [ »
L Tht o Th
. m a )
L e % .
® @
-1
¢ 2 N Al
3 o T H
2o y 3 ! i 9
fu i
€ s b g
i f § [ H
15
- Nl
I
N o
5. 115-
L3 . “‘
a0 d
T oot 0@ 00 00 0 00 oM 02 00 om0 00 o0t 0 0 oM 005
Hadey? Haler et

Figure 6: Moment of inertia as a function of the square
of the rotational energy for the isotopes (22°_Z3§3Th
3.CONCLUSION

In this study, we employed the Interacting Boson Model
(IBM-2) to systematically investigate the structural prop-
erties of thorium isotopes across the mass range (A=220-
230). Our analysis revealed that the IBM-2 framework
successfully described the nuclear structure evolution
throughout this isotopic chain.

The calculations were performed using a neutron-proton
boson code (NPBOS). The computed excitation ener-
gies showed good agreement with experimental data for
members of the ground-state band, the y-band, and the
B-band.

To determine the dynamic symmetries of each isotope,
we analyzed the E-GOS curves, the R(4/2) ratio, and
the r(I+2/1) ratio. Our analysis indicated that 250Th
exhibits characteristics of the U(5) dynamical symmetry.
The 2%Th showed O(6) symmetry, 22Th had

X(5) symmetry, while the heavier isotopes ~ 226-230Th

University of Benghazi©2025 All rights reserved. ISSN: Online 2790-1637, Print 2790-1629
National Library of Libya, Legal number: 154/2018



SJUOB (2025) 38 (2) Applied Sciences: 24 — 31

rotational symmetry SU(3).

Furthermore, the back-bending phenomenon was ob-
served only in the %3Th
values of [=8 and I=12.
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ABSTRACT

Candida albicans (C. albicans) is a common opportunistic fungal pathogen trust-
worthy for a variety of infections, especially in immunocompromised individuals. The
increasing resistance to antifungal agents necessitates the search for alternative treatment
options. In this study, we isolated C. albicans from clinical and environmental samples and
evaluated several plant extracts, such as Allium sativim, salvia rosmarinus, Mentha, which
we believed possessed antifungal activity. These plant extracts were tested for their ability to
inhibit C. albicans growth using standard laboratory assays. Various plant extracts, including
Allium sativm, salvia rosmarinus, Mentha yielded very similar results in terms of fungal
inhibition, with the exception of the disc impregnated with peppermint extract, where no
area of inhibition was observed. Several extracts exemplified promising inhibitory effects on
fungal growth, suggesting that compounds derived from Allium sativm, salvia rosmarinus,
Mentha could offer useful possibility or complement to current antifungal treatments. These
findings paved the way for growth of plant based therapies to conflict drug reluctant fungal
infections. The extracts exhibited great antifungal effects, notice on their potential as natural
curative agents. These findings would assist further research into plant compounds as other
possibility or complements to traditional antifungal drugs.
KEYWORDS: Candida albicans, Antifungal resistance, Allium sativim, salvia rosmarinus,
Mentha, Natural antifungal agents, and Fungal pathogens.

*Corresponding Author: Hamdy AB. Matter, hamdy.matter@uob.edu.ly

University of Benghazi©2025 All rights reserved. ISSN: Online 2790-1637, Print 2790-1629
National Library of Libya, Legal number: 154/2018

32



SJUOB (2025) 38 (2) Applied Sciences: 32 — 42

1.INTRODUCTION

Candida albicans( C. Albicans) is the most common
causative agent of candidiasis, a fungal disease in hu-
mans. It is found as a commensal organism in the micro-
biome of mammals and can cause superficial infections
in healthy individuals and severe disease in immunocom-
promised patients. C. albicans infections are associated
with high morbidity and mortality, particularly among
chronically ill and critically ill patients. The pathogen
undergoes a morphological transformation from yeast to
filamentous forms, leading to infection. The path to treat-
ment remains long due to the increasing drug resistance
of fungi, their small numbers, and their limited efficacy.
Most antifungal treatments target azoles and ergosterol, a
major amphiphilic lipid and a fundamental component of
the fungal plasma membrane. However, resistance and
tolerance to azole are becoming an increasing problem.
In C. albicans, ergosterol-rich membrane domains are
thought to interact with sphingolipids and membrane
proteins, including multidrug transporters, further com-
plicating treatment strategies.

The interaction between Candida albicans (C. albicans)
and host cells is mediated by a range of virulence factors,
including adhesions and invasins, secretion of hydrolytic
enzymes, morphological transformation from yeast to
filamentous fungal hyphae, and the formation of a robust
biofilm. These properties collectively smooth efficient
adhesion, invasion, and damage to host tissues [1]. Three
bioactive compounds isolated from bogostemon axillaris
have indicate potent inhibitory activity against fluco-
nazole resistant C. albicans (MIC = 4 ug/ml). The main
compound, pachisamin M, disrupted ergosterol synthesis
and exhibited strong antifungal activity both in vitro and
in vivo, suggesting that pachisamin M may be a prom-
ising compound for overcoming antifungal resistance,
particularly in C. albicans [2]. The tannin rich N-butanol
fraction extracted from plant extracts also exhibits anti-
fungal and anti-biofilm activity, effectively and efficient-
ly preventing C. albicans infections. [3] Hexane (Hex)

and dichloromethane (DCM) extracts from the roots of

tridax pentachaeta also exemplify strong photosynthetic
activity against C. albicans. [4] Bacterial perfringolicin
serves as a direct indicator for monitoring the cellular
effects of fluconazole, revealing that highly polarized
ergosterol distribution is not prerequisite for budding
or filamentous growth in C. albicans. [5] Genetic or
pharmacological inhibition of the tyrosine phosphory-
lation moderate dual kinase (DYRK) Yak1 productively
prevents C. albicans spore formation and biofilm for-
mation. [6] Calcium-activated calcineurin®-calmodulin
phosphatase plays a pivotal role as an inhibitor of key
stress response pathways in C. albicans, reducing fungal
persistence and its ability to cause disease within the host
[7]. Heat shock protein 90 (Hsp90) is a highly conserved
molecular cofactor that regulates the folding, stability,
and function of a wide range of client proteins, many of
which are substantial for signal transduction and stress
responses in C. albicans. The Rasl-cAMP-PKA and
MAPK chains, which control splicing and stress adap-
tation, are important for the fungus. Hsp90 contributes
to resistance to antifungal agents, such as calcineurin,
enhancing the host’s tolerance to drug-induced stress.
Hsp90 dysfunction affects morphogenesis, biofilm for-
mation, and virulence in vivo, making it an attractive tar-
get for antifungal drug. Inhibiting fungal Hsp90, particu-
larly in integration with existing antifungal agents, offers
significant potential for numerous drug efficacy and
overcoming fungal drug resistance mechanisms without
affecting the host Hsp90, given the structural differences
between fungal and human forms [8]. Baicalin (BE) is
a small-molecule antifungal compound make distinctive
by broad-spectrum activity, synergistic interaction with
fluconazole, and low toxicity. Recent findings indicate
that BE has antifungal activity against C. albicans by
disrupting glycolysis. More specifically, BE targets and
inhibits enolase 1 (Enol), a key enzyme in glycolysis [9].
High-intensity violet light was applied to specific yeast
species, including C. albicans. Cell suspensions were
exposed to narrowband violet light with a wavelength

of 405 nm, generated by an LED array. All fungi were
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effectively and efficiently inactivated using light with a
wavelength of 405 nm without the need for external pho-
tosensitizers [10].

Exposure to tunicamycin induces a specific chromosom-
al aberration, a chromosomal abnormality resulting from
endoplasmic reticulum (ER) tension, leading to trisomy
2 (Chr2x3) in C. albicans. This confers cross-tolerance to
caspofungin, an antifungal agent from the echinocandin
family [11]. Phosphatidylserine phosphatases are key
enzymes in lipid metabolism, catalyzing the conversion
of phosphatidic acid to diacylglycerol. In C. albicans,
phosphatidylserine phosphatase Pah1 plays a crucial role
in fungal physiology [12]. Two aminotransferases have
been identified in C. albicans, Aro8p and Aro9p, each
with distinct catalytic properties that play an important
role in inhibiting fungal growth [13]. bioactive com-
pounds as gold nanoparticles (Ca_AuNPs) used by C.
albicans exhibit anti-azole activity, including against flu-
conazole, itraconazole, and voriconazole, making them
effective against multidrug-resistant C. albicans strains
[14]. The alginate CD aptamer complex nanosensor
shows pledge in clinical applications, offering a sensitive
and environmentally friendly alternative to conventional
methods for diagnosing C. albicans [15]. Tested antifun-
gal proteins (AFPs) have demonstrated significant anti-
fungal activity against cutaneous C. albicans infections
[16]. Results have shown that the crude methanolic ex-
tract of turmeric exhibits antifungal activity against C.
albicans [17]. A series of novel 5-phenylthiophene de-
rivatives have been designed and synthesized to address
the high incidence of drug-sensitive and drug-resistant
fungal infections [18]. Ethyl acetate exhibited fungicidal
activity against C. albicans at a concentration of 1.0 mg/
ml [19]. The incorporation of a photofluorescent protein
with random optical oscillation (SOFI) effectively inhib-
ited background fluorescence. Histone acetyltransferase
is essential for achieving full virulence, and Ergl1, a tar-
get of azole antifungals, has been identified in C. albicans
[20]. Poly ( [ 2 - (methacryloyloxy) ethyl) trimethylam-
monium chloride cross-linked) (PMETAC) and bacterial

cellulose nanoparticles (BNCs) were used to determine
their antifungal activity against C. albicans polymor-
photypes [21]. 2,4-Dietyr-butylphenol, an antibiotic, has
shown efficacy and safety against C. albicans and other
pathogenic fungi [22]. Necessary oils have been tested
against C. albicans [23]. Proteins of aspergillus fumiga-
tus and aspergillus albicans, which are expressed or ac-
tivated during environmental changes and compression
conditions, have been used to detect potential virulence
factors [24]. A microfluidic chip has been designed and
fabricated for the fast and perfect detection of aspergillus
albicans in clinical samples, and its potential has been
utilized for early and accurate diagnosis [25]. Using mo-
lecularly printed polymers (MIPs) enhanced with nick-
el, iron oxide (NiFe:O4) nanoparticles, a novel electro-
chemical biosensor has been fabricated for the fast and
accurate detection of aspergillus albicans [26]. A CRIS-
PR-based platform targeting the internal interleaving
gene 2 (ITS,) of aspergillus albicans has been developed.
This method combines Cas12a DNase cleavage activity
with recombinant polymerase (RPA) amplification for
fast and accurate detection [27]. Berberine inhibits the
expression of azole impedance genes in fungi, reduces
cell adhesion, and damage biofilm formation. Gene tran-
scription analysis suggests that interference with the iron
gain pathway is a key mechanism underlying berberine’s
inhibition of drug resistant fungal strains [28]. When PG,
CA, and CAR compounds were individually applied to
C. albicans biofilms for 5 minutes, their viability de-
creased by less than 0.50 at both 5 °C and 22 °C [29].
The yeast form of C. albicans utilizes glycosaminogly-
cans (GAGs), particularly heparan sulfate, as receptors
for adhesion to corneal epithelial cells [30].
2.METHODOLOGY

2.1. Isolation of C. albicans

2.1.1.Sample Collection:

Clinical or environmental samples suspected to con-
tain C. albicans species were collected using sterile cot-

ton swabs.
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2.1.2.Culturing:

Samples were inoculated on sabouraud dextrose agar
(SDA) plates and incubated at 30 — 37°C for 24 — 48
hours.

2.2. Materials used:

Plastic Petri dishes (9 and 6 cm in diameter), isolation
needle, forceps, pipettes, assorted cups, cotton, cello-
phane paper, punch, filter paper, sterile swabs, a culture
medium consisting of sabouraud dextrose agar, lacto-
phenol blue cotton stain, distilled water, Parafilm, micro-
scope slides and coverslips, and ethyl alcohol.

2.3. Equipment used:

Autoclave, balance, cooler, incubator, water bath, iso-
lation chamber, microscope, Bunsen burner, and heat
sterilizer.

2.4. Plant material:

The following plants were dried: garlic, rosemary, and
wild mint (Allium sativm, salvia rosmarinus and Men-
tha). They were purchased from a local farm in Ujla,
Libya, and identified by a farmer and vendor based on
their color and aroma.

2.5. Preparation of plant extracts:

2.5.1. Aqueous extracts (cold):

To prepare the aqueous extract, Allium sativim, salvia
rosmarinus and Mentha from garlic, rosemary, and mint
plants were dried, then chopped into small pieces and
ground in a ball mill to a powder. The powder was di-
vided into several 10-gram portions, placed in a sterile
screw-cap bottle, and 100 ml of sterile deionized distilled
water was added. The extract was left to infuse for 48 h
at 4 °C before the mixture was centrifuged at 2000 r.p.m
for 10 min. The supernatant was passed through a 0.45
mm diameter membrane sieve. The extract was stored in
sterile screw-cap bottles in the refrigerator until needed.
Aqueous extracts were prepared using sterile distilled
water for each plant.

2.6. Preparation of the inoculum for testing:

The inoculum was prepared by suspending a few fungal
colonies in test tubes containing 9 ml of sterile normal sa-

line. The turbidity of the fungal suspensions was visually

matched to the equivalent turbidity of a BaCl, standard,
which has a similar appearance to broth culture.

2.7. Antifungal activity testing using the disc diffusion
method:

The modified agar diffusion method was used to deter-
mine antimicrobial activity. Sabouraud dextrose agar
was inoculated with a microbial cell suspension (200 pL.
in 20 mL of medium) and poured into sterile Petri dishes.
Sterile 6 mm diameter filter paper discs were impregnat-
ed with 20 pL of each extract, prepared using the same
solvent used to dissolve the plant extracts. The aqueous
extract was then sterilized by pasteurization and mem-
brane filtration and placed on the surface of the inoculat-
ed agar. The plates were incubated at 30-37 °C for 4 -7
days. At the end of the incubation period, antimicrobial
activity was assessed by measuring the inhibition zones
[31].

2.8. Sample Collection , Fungi used, C. albicans, Fun-
gi isolated from vagina

Samples collected for several persons from Awjila AL-
qrawi Hospital and Red Crescent Clinic Jalo in June,
May, and April 2025year.

This is done by taking a sample of vaginal secretions or
a thin layer of the crust covering the dermatitis by Fungi
C. albicans.

2.9. Work methods:

Culture media used for the growth and isolation of C. al-
bicans fungus sabourud dextros agar of the medium con-
sists of agar 65 g, the medium powder is weighed using a
sensitive balance (the quantity is usually recorded on the
package) then 1000 ml of distilled water is added to the
medium. The contents are mixed well and then placed in
a water bath for a period (35- 40 min.) until the contents
are well dissolved and become transparent. The mixture
is then distributed into small 250 ml beakers to facilitate
the process of pouring into dishes. These beakers are
sterilized in an autoclave for 15-20 min., after which they
are ready to be poured into Petri dishes.

Isolation of C. albicans fungus from some patients vis-

iting the *“ Isolation of a fungus from some patients at-
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tending Awjila AL-qrawi Hospital and Red Crescent
Clinic Jalu “. Samples were taken from patients who
complained of infections in the vaginal area in general
at different intervals, by taking a swab from the infected
area and culturing it on special nutritional media repre-
sented by the sabouraud dextros agar medium, which
is a special medium for the growth of C. albicans fungi.
It was then placed in an incubator at a temperature of
30-37 °C. The plates were monitored periodically for 4
-7 days to observe the growing colonies. The plates were
then incubated. After this, the plates were ready for mi-
Ccroscopic examination.

A small percentage of the fungus growth is taken with an
isolation of fungal growths from the nutrient media using
a sterile isolation needle. The fungal smear is placed on a
glass slide with a drop of phenolic blue cotton stain and
covered with a glass slide cover for microscopic exam-
ination. The sample is examined under different power
of the light microscope (X 10 <X 40, and X 100) The ob-
tained characteristics, both macroscopic and microscop-
ic, were compared with the previously identified isolate
and the results were recorded.

2.10. Preparation of tablets saturated with extract:

5 mm diameter discs were made from sterilized filter
paper, these discs were dipped in plant extracts accord-
ing to the species for 5 min. After removing them, the
discs were placed in Petri dishes containing growths of
the fungus under study, 5 discs were distributed in each
dish, so that each disc was at a distance from the fungal
growth. The dishes were left at 30-37 °C and monitored
periodically for 4 - 7 days, and the results were recorded
[32]

2.11. Minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC):
Antifungal activity of Allium sativm, Salvia rosmarinus,
and peppermint extracts on the growth and inhibition of
C. albicans. For this experiment, we prepared 45 tablets
of each Allium sativm, Salvia rosmarinus, and pepper-
mint extract. Fifteen tablets were 100 % Allium sativm,

15 tablets were 100 % Salvia rosmarinus extract, and

15 tablets were 100 % peppermint extract. Five tablets
were placed in each of three Petri dishes, each of which
was left to contain a quantity of the extracts for 5 min.
until saturated. Nine Petri dishes were prepared for test-
ing, three for each extract. The dishes were inoculated
with C. albicans at five locations on each dish. The discs
were taken and distributed onto plates, each disc placed
at a distance from the fungal isolate. The plates were
incubated in an incubator at 30-37 °C. The plates were
monitored after 4 -7 days in the incubator, and the results
were recorded.

The MIC is defined as the lowest concentration of aque-
ous extracts capable of inhibiting fungal growth. Sab-
ouraud dextrose broth was used to determine the MIC
in the preparation of serial dilution test tubes. Serial
dilutions of the two extract samples were performed in
test tubes containing 2 ml of sabouraud dextrose broth
medium to yield final concentrations of 2:2, 2:4, 4:6, and
6:8 mg/mL. 20 pl of the test organisms (108 CFU/ml)
were distributed into the tubes. The negative control tube
contained only 2 ml of the two extracts but did not con-
tain any organisms. Positive control tubes contained only
2 ml of broth medium and each of the organisms, but
neither extract was present. The tubes were incubated at
30— 37 °C for 4 — 7 days. After incubation, the turbidity
of each tube was visually checked. The clear test tube
indicated the breakage point. From tubes showing no vis-
ible sign of growth / turbidity in the MIC determination,
the test micro-organisms were inoculated onto sterile sa-
bouraud dextrose agar plates using the stripe plate meth-
od. The plates were then incubated at 30 —37 °C for 4 —7
days. The lowest concentration that did not show growth

of the test organisms was considered to be [33].
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Table 1. Evaluations of the antifungal potential of the aquatic extract of plants Allium sativim, salvia rosmarinus and

Mentha used.
Microorganism Concentration 100%
Fungi Inhibition zone (mm)
C. albicans Allium sativum Salvia rosmarinus Mentha

Men inhibition zone(mm) 1.41

0.72 -

Table 2. Minimum inhibitory and bactericidal concentrations of aquatic extract of propolis against fungi .

Isolation

fungal strain with inoculums density of 10°CFU/m

Antimicrobial activity of Plant% (V/V)

Allium sativim extract Salvia rosmarinus extract

MIC MBC MIC MBC

Vagiana C. albicanas

2:4 2:2 2:2 -

After isolating the fungus from some patients attending
Awjila Al-Qarawi Hospital and the Red Crescent Clin-
ic in Jalu, the results are shown in Fig.3, for the period
from April to July. Approximately 72 cases were studied,
all of which underwent laboratory treatment, from the
beginning of the sample culture on sabouraud dextrose
medium until the end of the test. It was found that the
number of positive results was highest among young
people aged 20-30, while it decreased slightly among
adults aged 30 - 40, and decreased by half between the
ages of 40-50, as the table shows. This difference in in-
fection rates among patients despite the fact that they all
suffer from the same or nearly similar symptoms is ex-
plained by the fact that as people age, their cells become
more resistant to the C. fungus, and the immune system
strengthens and becomes more capable of fighting off in-
fection, despite the fact that some cases are infected with
bacteria whose symptoms are somewhat similar to those
of C. fungi. Therefore, treatment is usually administered
in some cases as a dual therapy consisting of doses of
antibiotics that combat bacterial growth and those that
combat fungal growth simultaneously, of the 72 samples,
42 % (31 samples) tested positive for Candida, while 57
% (41 samples) tested negative or tested for other mi-
crobial species. The results indicate that vulvovaginal
candidiasis is widespread among women in the study
area. This is consistent with a previous study conducted
in North Africa (2022) [34], which showed an incidence

rate ranging from 15-52 % depending on the region and

diagnostic method. The results showed the highest in-
fection rate (62.3 % of positive cases) in women aged
20-30 years. The study showed that women of this age
group, which is considered reproductive age, are more
susceptible to infection. This is consistent with a study
conducted in 2022 [35], which recorded the highest in-
fection rates among this group. This is attributed to hor-
monal changes, increased sexual activity, pregnancy, and
the use of hormonal contraceptives. While the infection
rate reached 29 % for the age group (30-40), the lowest
infection rate was 9.7% for the age group above (40).
This was evident in the decrease in infection with age
due to the decline in estrogen levels after menopause.
The study, in Fig.4, showes the distribution of infection
by marital status, with 26 cases in the married group, of
which 16 were positive (22.02 %), and 10 were negative.
Forty-six samples were collected from the unmarried
group, and the results showed that 22 samples were pos-
itive (30.5 %) out of 24 samples that were negative. The
presence of infection in both groups is evidence of the
presence of factors associated with infection, such as a
humid environment, wearing tight clothing, vaginal mi-
crobial imbalance, the use of vaginal douching, as well
as the excessive use of antibiotics, diabetes, and contra-

ceptives [36].
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3.1. Evaluations of the antifungal potential of the
Aquatic extract of plants Allium sativin, Salvia ros-
marinus and Mentha used . Use of Salvia rosmarinus
and mint(Mentha) extracts:

3.1.1.Effect of the aqueous extract on fungi isolated
from the vagina:

Among the available methods for testing antifungal ac-
tivity, the disk diffusion method (measurable inhibition
zones) was used to determine the effectiveness of the
aqueous extract against a single species of human-patho-
genic fungi [37].

Table 1. Shows the results of tests of the antifungal ac-
tivity of a 100 % v/v aqueous extract sample on fungi
isolated from the vagina. The results showed that the fun-
gal isolates obtained from the patients were C. albicans.
This was confirmed by several methods, including the
morphological description of the fungus or the general
shape of the fungal colonies, which was confirmed by
comparing the isolate we obtained with isolates identi-
fied in local research centers. We did not limit ourselves
to morphology alone. All isolates were examined under a
light microscope, and samples were sent to mycologists
to confirm that they were the exact fungus. The isolates
were also compared in terms of their morphology and
microscopic appearance with previous studies on Can-
dida fungi (C. fungi), and all data obtained were consis-
tent with these studies. It became clear that the general
“phenotypic” and microscopic appearance of the fungus
was consistent with these studies. These are as follows:
In terms of the fungus’s physical appearance, it appears
on nutrient media as white to pale yellow colonies with
a waxy sheen. Colonies initially form on nutrient media
in the form of circles that overlap with each other as the
colony grows. Under the microscope, the fungus appears
as oval cells, very similar in shape and reproduction to
the yeast saccharomyces ceriveciae. Fungi are unicellu-
lar and reproduce by budding. They differ from yeast in
that they are imperfect fungi, while yeast is a cyst-shaped
fungus at 37 °C and a pseudofungi at 25-27 °C.

To determine the antifungal effect of Allium sativum,

Salvia rosmarinus, and Mentha extracts on the growth
and inhibition of C. fungi, it was found by monitoring
dishes containing 15 tablets impregnated with plant ex-
tracts (Allium sativum, Salvia rosmarinus, and Mentha)
five tablets per dish out of a total of three that during
the first three days, no change in fungal growth was ob-
served. However, after three days, slow fungal growth
was observed toward the disc impregnated with either
Mentha or Ocimum basilicum extract. The fungus con-
tinued to grow very slowly but did not directly reach the
disc. The results showed significant inhibition of Allium
sativum extract, with an average inhibition zone ranging
from 1-2 mm, with an average inhibition zone of 1.44
mm in diameter. The results of Salvia rosmarinus extract
showed a moderate inhibition zone, ranging from 0.6-1
mm, with an average inhibition zone of 9.89 mm in di-
ameter. Mentha extract showed no inhibition zone at all.
The reason for the low or absent inhibitory effectiveness
of the studied plant extracts may be due to the presence
of the plant extracts themselves in the fungal growth
medium. These extracts may contain compounds that in-
hibit or inhibit the growth of some microorganisms, but
some may lose their inhibitory capacity during extraction
or storage. The method of preparing the plant extracts
and their concentration are two important factors. This
may be due to the nature of the extracts themselves. They
may contain compounds that inhibit or inhibit the growth
of some microorganisms, but some may lose their inhibi-
tory capacity during extraction or storage [38].

3.2. Minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC)

The minimum inhibitory concentration (MIC) and min-
imum bactericidal concentration (MBC) for extracts
aquatic were assessed on fungal strain for control and
comparison purposes and was the result obtained
showed in Table 2.

4.CONCLUSION

After isolating the fungus C. albicans from clinical sam-
ples in the oases area, three plant extracts were tested for

their ability to inhibit the growth of C. albicans using
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standard laboratory tests. The plant extracts extracted
from medicinal plants were Allium sativum, Salvia ros-
marinus, and Mentha. Both Allium sativum, Salvia ros-
marinus gave good and very similar results in terms of
fungal inhibition, except for Mentha extract, which did
not produce encouraging results in inhibiting C. albicans.
This suggested that the compounds found in Allium sa-
tivum, Salvia rosmarinus may offer a valuable alternative
or complement to antifungal treatments, especially for C.
albicans. The method of preparation of the plant extracts,
their concentration, storage method, and the duration of
their extraction are important factors that affect the inhi-
bition process.
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ABSTRACT

This experimental study investigates the properties of LC® (limestone-calcined
clay) cement mortars with high clinker replacement, utilizing locally sourced kaolinite-rich
clays from southern Libya. Mortar mixtures were prepared with clinker contents of 40, 50,
and 60%. The mechanical performance of the LC? blends was assessed through compres-
sive and flexural strength tests, ultrasonic pulse velocity (UPV), porosity measurements,
and workability evaluations. The results show that replacing up to 50% of cement with a
limestone—calcined clay blend in mortar mixes achieves compressive and flexural strengths
comparable to, or slightly exceeding, those of ordinary cement. At 28 days, mortars with
50% substitution reached the same compressive strength as CEM I (37 MPa) while exhib-
iting a 19.6% increase in flexural strength. Furthermore, higher replacement levels (up to
50%) improved pore structure refinement, leading to a denser microstructure. Mortars with
50% substitution demonstrated about a 9.65% reduction in porosity compared to CEM L.
KEYWORDS: LC? blends cement, Clinker replacement, Compressive strength, Flexural
strength, Workability, Porosity.
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1.INTRODUCTION

Metakaolin (MK), a highly reactive pozzolanic materi-
al, enhances both early-age strength and long-term du-
rability in cementitious systems by refining their pore
structure (Sabir et al., 2001). To reduce the high clinker
content in conventional cement, supplementary cementi-
tious materials (SCMs) are commonly employed; how-
ever, replacing more than 30% of clinker often reduces
early strength. Given the limited availability of industri-
al by-product SCMs such as fly ash and slag, calcined
clays rich in kaolinite have emerged as promising alter-
natives due to their ability to form reactive metakaolin
upon thermal activation (Antoni et al., 2012) . Limestone
calcined clay cement (LC?), introduced in 2012, offers
a sustainable solution by combining calcined clay (CC)
and limestone (LS), enabling clinker replacement levels
of up to 60% through the synergistic pozzolanic reaction
between alumina and carbonates (Antoni et al., 2012).
In addition to its technical performance, LC? aligns with
circular economy principles by lowering CO: emissions
and encouraging the utilization of abundant and low-cost
raw materials. As the construction industry increasing-
ly prioritizes sustainability, research has turned toward
optimizing low-carbon binder systems through tailored
mix design and a deeper understanding of hydration
and reaction mechanisms (Snellings, 2016). Research
by Hawkins et al., (2003) has shown that incorporating
up to 5% limestone in ordinary Portland cement (OPC)
does not compromise strength and improves energy ef-
ficiency by enhancing the grinding process. Moreover,
when combined with calcined clay, limestone enhances
the performance of ternary blends by participating in ad-
ditional reactions (Dhandapani et al., 2021).

In the Libyan context, the industrial research centre has
identified large deposits of kaolinite-rich clay in the
southern region, which can be thermally activated at
700-850 °C to produce reactive metakaolin (Akasha,
2015). These local resources present a strategic oppor-
tunity to develop sustainable cementitious systems with-

in the region. The performance of LC? is influenced by

several interrelated factors, including the purity and min-
eralogical composition of raw materials, the calcination
temperature, curing conditions, and overall mix design.
Key parameters such as the grinding sequence, gypsum
content, water-to-binder ratio, CC-to-LS ratio, and the
clinker replacement level have been shown to signifi-
cantly affect both mechanical strength and workability
(Balasubramanian & Sarangapani, 2023). Previous stud-
ies (Lin et al., 2021, Yu et al., 2021, Balasubramanian
and Sarangapani, 2023) have highlighted the sensitivi-
ty of compressive strength to these variables. Lin et al.
(2021) reported that a mix composed 85% OPC, 10%
calcined clay, and 5% limestone yielded the highest com-
pressive strength, with further increases in substitution
leading to a decline in performance. Likewise, Yu et al.
(2021) showed that LC® blends with 50-70% clinker
content complied with BS EN 197-1 strength standards.
Balasubramanian and Sarangapani (2023) further sup-
ported these findings, noting that clinker replacement
levels could vary between 30 and 70%, contingent on
the quality and purity of the supplementary materials
used. Kafodya et al., (2023) evaluated LC3 cement made
with local Malawian materials at two clinker levels: 50%
(LC3-50) and 40% (LC3-40). Using varying calcined
clay-to-limestone ratios and water-to-cement ratios, re-
sults showed that LC3-50 achieved higher compressive
strength (up to 39.2 MPa) at 28 days. Increased clay
content reduced workability and strength due to higher
water demand. LC3-50 also showed lower porosity and
improved microstructure, confirming its potential as a
sustainable cement alternative. Chaipanich et al., (2024)
examined the replacement of 50% of OPC with varying
proportions of limestone (30 - 45%) and calcined clay
(5 - 20%). Their findings showed that the optimal blend
(30% LS, 20% CC) achieved a compressive strength
of 36 MPa at 28 days 225% higher than the blend con-
taining 50% limestone only. The improved performance
was attributed to the enhanced pozzolanic reactivity and
improved pore structure associated with higher CC con-

tent. Although the strength remained below that of 100%
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OPC, the blend demonstrated promising performance for
use as a low - carbon, medium - strength alternative bind-
er. Nararueang et al., (2024) explored the performance
of various Thai calcined clays as partial replacements
for OPC across six different mixtures containing fly ash
(FA), MK, and regional CCs. Despite identical clinker
replacement levels across the blends, those incorporat-
ing calcined clays outperformed fly ash-based mixes in
terms of both compressive strength and ultrasonic pulse
velocity (UPV). These improvements were attributed to
the higher pozzolanic activity of calcined clays, which
resulted in lower porosity and better mechanical per-
formance. Ferrari et al., (2023) investigated how in-
creasing CC content affects mortar workability through
flow table tests performed on both mortars and pastes
at water-to-binder (w/b) ratios of 0.5 and 0.4, using
CEM-I and CEM-II cements. Their findings confirmed
that higher CC contents significantly reduce workabili-
ty due to rapid water absorption by CC, which reduces
the amount of free water available for paste fluidity. This
behavior necessitated greater use of superplasticizers to
maintain adequate workability. Complementary to this,
Takhi et al., (2024) examined the fresh properties of LC?
systems with 50 and 70% clinker replacement, employ-
ing different CC:LS ratios (2:1 and 1:1). Compared to
OPC, these mixes exhibited increased water demand and
prolonged setting times with higher CC content. The re-
duced flowability was once again linked to the water-re-
taining nature of metakaolin, which imposes a need for
higher superplasticizer dosages to achieve workability
comparable to OPC. Shao et al., (2025) further report-
ed that although LC? tends to have slightly lower com-
pressive strength than OPC at early ages, it typically
matches or surpasses OPC by 7 days, with continued
strength development through 28 days. This trend con-
sistent across multiple studies demonstrates that LC* can
achieve comparable long-term mechanical performance
with substantially lower clinker content. Furthermore,
LC? concrete has exhibited superior flexural strength and

enhanced chloride-binding capacity, broadening its ap-

plicability in durable construction. Despite these advanc-
es, research is still limited on the effects of high clinker
replacement levels (>50%) on the performance of LC®.
In particular, no previous studies have investigated high
clinker replacement LC* produced with kaolinite-rich
clays from Libya.

This experimental study examines the properties of LC?
(limestone-calcined clay) cement mortars featuring high
clinker replacement levels, incorporating locally sourced
kaolinite-rich clays from southern Libya. Mortar mix-
tures were formulated with clinker contents of 40, 50,
and 60%. The performance of the LC® blends was evalu-
ated through compressive strength tests, flexural strength
tests, ultrasonic pulse velocity (UPV) measurements, po-
rosity analysis, and workability assessments.

2. EXPERIMENTAL WORK

2.1.Materials:

Portland cement CEM-I 42.5 N, sourced from the
Benghazi Cement Factory, was used in this study. This
cement meets the European standard (EN 197-1, 2011).
The limestone was also procured from the same factory,
where it was dried, ground, and sieved to pass through a
75 um sieve. Gypsum, provided by the cement factory,
was milled and sieved to achieve a particle size of less
than 75 pum. The chemical and physical characteristics
of the cement, limestone, and gypsum are summarized
in Tables 1, while Figure 1 illustrates the limestone and

gypsum before and after grinding.

University of Benghazi©2025 All rights reserved. ISSN: Online 2790-1637, Print 2790-1629
National Library of Libya, Legal number: 154/2018

45



SJUOB (2025) 38 (2) Applied Sciences: 43 — 55

Table 1. Properties of cement, limestone, and gypsum.

Chemical Composition (%) Cement Limestone | Gypsum

CaO 62.62 52.00 51.92

Sio, 20.65 1.65 1.74

ALO, 517 0.34 1.20

Fe,0, 277 0.04 0.14

MgO 333 2.16 1.06

Na,0 - - 395

K,0 - 0.09 0.13

Cl - 0.05

SO, 2.61 0.58 39.28

LOI 1.56 44.97 3281
Surface area (Blaine) m*/kg 360
Finesses (%) 323

Limestone Gypsum

Figure 1. Finely milled limestone and gypsum.

Standard sand, sourced from the Benghazi Cement
Factory, met the specifications outlined in (ASTM778,
2009) was used to prepare the mortar specimens. Kaolin-
ite-rich clays were sourced from 10 km north of Sebha
in southern Libya, comprising about 95% kaolinite. This

clay is classified as type A (Akasha, 2015). The raw clay

was crushed into fragments ranging from 0.5 to 1.25 cm
and then calcined at 800 °C for two hours in a controlled
furnace (type 30400, see Figure 2). After calcination, the
materials were cooled in an airtight desiccator to main-
tain their reactivity. The resulting calcined clays were
processed using a Los Angeles abrasion machine, then
a conventional mill, and finally sieved to ensure they
passed through a 75 pm sieve, as shown in Figure 3. The
chemical composition of the calcined clays is detailed in

Table 2.

Figure 3. Finely milled calcined clay

Table 2. The chemical analysis of calcined clay (by

XRF).
Chemical composition (%) | Sebha clay type (A)
Si0,56.14

ALO, 32.74
Fe,0, 2.41
CaO 6.86

CI 0.16
Na,0 0.6
K,0 -
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Chemical composition (%) Sebha clay type (A)
SO, -
TiO, -
MnO 0.01
P,0, 0.07
2.2.Mixture Details:

A total of four mortar mixtures (Table 3) were designed
to evaluate the influence of combined calcined clay
(CC) and limestone (LS), at a fixed ratio of 2:1, on the
mechanical performance of blended cement mortars.
To mitigate the potential impact of sulfate interaction,
the gypsum (Gyp) content was maintained at 6% in all

mixtures. This approach aligns with established practic-

es for maintaining the balance between setting time and
strength development in cementitious systems, as sulfate
levels can significantly influence hydration kinetics and
ettringite formation (Taylor, 1997). Three LC3-based
mixes were prepared with clinker contents of 60, 50,
and 40%. Each of these mixes contained 6% gypsum,
with the remaining fraction composed of calcined clay
(CC) and limestone (LS) at the 2:1 ratio. Additionally,
control mixture was included using CEM 1 42.5 with no
substitution of calcined clay or limestone. The detailed
composition of all mixtures is presented in Table 3, and
the obtained LC® blends cement mixtures are given in

Figure 4.

Table 3. System compositions.

Mixture ID | Clinker(%) | CC(%) LS(%) Gypsum(%) Total(%) Clinker Reduction vs CEM CC:LL Ratio
CEM 94.00 - - 6 100 - -
LC3-60 60.00 22.67 11.33 6 100 36.17 2:1
LC3-50 50.00 29.33 14.67 6 100 46.81 2:1
LC3-40 40.00 36.00 18.00 6 100 57.45 2:1
CEM-I LC* 60% LC? 40%

LC*50%

bt |

Figure 4. LC® blends cement mixtures.

2.3.Specimens Preparation:

Mortar mixtures were prepared for 50 mm cubes (fol-
lowing ASTM C109/C109M-02, 2020) and 40 x 40 x
160 mm prisms (per ASTM C348-21, 2021) to assess
compressive and flexural strength, respectively. In all
mixtures, a water-to-binder ratio of 0.485 and a binder-
to-sand ratio of 1:2.75 (by weight) were adopted. The
control mixture (CEM) was prepared with a water-to-ce-
ment ratio (w/c) of 0.485, in accordance with ASTM
C109, to achieve a target mortar flow of 110+ 5% on
the flow table. For all other mixtures, the water-to-bind-

er ratio (w/b) was consistently maintained at 0.485 as a

controlled variable. As a result, the measured flow val-
ues differed based on the clinker replacement level in
each formulation. Notably, no superplasticizer (SP) was
needed to achieve the desired workability. Mixing was
conducted with an automatic mortar mixer in compli-
ance with (ASTM C305/C305-20, 2009). The mortar
specimens were compacted, kept in molds for 24 hours,
demolded, and then cured in water until testing.

2.4.Test Methods:

The hardened densities of cement mortars were mea-
sured in compliance with ASTM C188. Workability was
assessed using the flow table test (ASTM C1437, 2007).
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Compressive strength was determined at different cur-
ing ages (3, 7, 28, 56 days) using 50 mm mortar cubes,
following ASTM C109. Flexural strength was evaluated
after 28 days using 40 x 40 x 160 mm mortar prisms as
per ASTM C348-21.
Porosity was evaluated at 3, 7, and 28 days using 50 mm
mortar cubes following the vacuum saturation procedure
described in RILEM (1994). The open porosity of the
samples was determined in accordance with RILEM
Recommendation CPC 11.3, which quantifies the vol-
ume of accessible pores through vacuum saturation and
subsequent mass measurements of the specimens in dry,
saturated, and immersed conditions. Prior to testing,
mortar samples were oven-dried at 105+ 5 °C until a
constant mass was achieved, then cooled to room tem-
perature in a desiccator. Vacuum saturation was carried
out as per CPC 11.3: a vacuum pressure of <2 kPa was
maintained for 3 hours to evacuate air from the open
pores. Deionized water was then gradually introduced
under vacuum for an additional 1 hour to ensure full in-
filtration. All procedures were performed at 20 + 2 °C to
minimize temperature-related changes in water viscos-
ity and specimen stability. After vacuum release, speci-
mens remained fully submerged in water for 24 hours to
achieve complete saturation. Three masses were subse-
quently recorded: the dry mass (Md) after oven drying,
the saturated-surface-dry mass (Ms) after vacuum satu-
ration and gentle blotting, and the immersed mass (Mi)
while suspended in water. The accessible porosity (P)
was then calculated using equation (2.4.1) below:

B [M s—Md

Ms—mi @41

]xlOO

Additionally, the ultrasonic pulse velocity (UPV) was
measured on 50 mm mortar cubes at different curing
ages following the procedure outlined in ASTM C597-
09 (2010). The test was conducted to assess the quality,
uniformity, and internal condition of the mortar speci-
mens. A pulse velocity apparatus equipped with 54 kHz
transducers was employed for all measurements. To en-

sure efficient signal transmission, a thin film of gel was

applied between the transducers and the opposite faces
of each specimen. Prior to testing, the mortar cubes were
conditioned to a saturated-surface-dry (SSD) state. This
state was achieved by immersing the cubes in water for
24 hours, followed by gentle wiping of any surface mois-
ture immediately before the test. All UPV measurements
were carried out at a controlled laboratory temperature of
20+2°C. The pulse velocity (V) was calculated using
the equation (2.4.2) below:

v=-

; (2.4.2)

where L represents the travel path length (Km) and t de-
notes the measured travel time (s).

The reported values of compressive strength, flexural
strength, and porosity represent the averages of 3, 2, and
1 test specimens per age, respectively.

3.RESULTS AND DISCUSSION

3.1.Density of Hardened Mortar:

Figure 5 shows a comparison of density among different
types of LC? blends cement mortars. CEM has the high-
est density, while LC3-40 has the lowest. The densities of
LC3-60 and LC3-50 fall between these two, with LC3-60
being denser than LC3?-50. This suggests that as the LC?

blend ratio changes, the density of the mortar decreases.
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Figure 5. Hardened density of LC® blends cement mortars.
3.2.Workability: tween sustainability and fresh-state performance, consis-

The results of mortar’s flow are shown in Figure 6. It
can be seen from the graph that workability declins with
rising replacement levels, highlighting a trade-off be-

tent with findings by (Balasubramanian & Sarangapani,

2024).

120
110
100

90
80
70
60
50
40
30

Flow (mm)

CEM

LC3-60

LC3 blends cement mortars

-

LC3-50 LC3-40

Figure 6. Flow of LC? blends cement mortars.

3.3.Compressive Strength:

The results of compressive strength of CEM I and LC?
blends cement mortars are shown in Figure 7. All mor-
tars gain strength with age, showing the expected trend of
increasing compressive strength as hydration progresses.
LC3-60 consistently demonstrates the highest com-
pressive strength at all ages, indicating that this blend
maintains considerable strength even with partial clin-

ker substitution. LC3-50 also shows enhanced strength

compared to CEM, though it is slightly lower than that
of LC3-60. In contrast, LC3-40 has reduced strength,
likely because the increased clinker replacement dimin-
ishes both early and long-term strength. The dissolution
of reactive silica and alumina from metakaolin in hy-
drated cement systems provides additional components
that interact with portlandite (Shi et al., 2015). When
the released silica is promoted, calcium silicate hydrate

(C-S-H), the main binding phase in cement paste, is cre-
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ated. According to Richardson (2000), the modified form
created here frequently has a lower Ca/Si ratio than reg-
ular C-S-H, which is linked to greater durability and less
leaching susceptibility. When alumina is added to C-S-H,
its nanostructure is further altered, producing a denser
microstructure that enhances performance over the long
run (Scrivener et al., 2015). Additionally, in the pres-
ence of carbonates, the alumina derived from kaolinite/

metakaolin helps to generate AFm phases, particularly

monocarboaluminate and hemicarboaluminate (Matsch-
ei et al., 2007). These carboaluminate compounds are
stabilized by the combination of the aluminates and cal-
cium carbonate, which is obtained from limestone fill-
er (Lothenbach et al., 2008). In addition to consuming
portlandite, which lowers the possibility of efflorescence
and alkali leaching, this procedure improves the cement
matrix’s structural stability and refines the pore network
(Hooton et al., 2007).

45.0

Mpa)

£.40.0

35.0

30.0

-]

Compressive Strength

|

<
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LC3-60
LC3 blends cement mortars

0O3d m7d KO28d B56d

]

Figure 7. Compressive strengths of LC® blends cement mortars at different ages (days).

Strength Activity Index (SAI)

The Strength Activity Index (SAI) offers a reliable indi-
rect measure of pozzolanic performance. As per ASTM
C618, an SAI of >75% is required for a material to be
considered pozzolani. To assess the effect of calcined
clay - limestone blends (2:1 ratio) on reactivity, SAI was
measured at 7 and 28 days for LC3-based mixtures, as
shown in Figure 8. It can be seen from the graph that
all mixes exceeded the ASTM threshold. LC3-60, LC3-

50 and LC3-40 blends mortars show enhancement in

early-age performance with SAI values of 113.3%,
103.2%, and 87.1%, respectively. LC3-60 blend shows
the highest SAI at both curing times, indicating it is the
most effective in enhancing strength among the samples
tested. While, LC3-50 has a moderate SAI, suggesting it
provides a good balance of strength but is less effective
than LC3*-60. However, LC?-40 blend has the lowest
SAl, indicating it may not be as effective in improving

strength compared to the others.
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Figure 8. SAI for LC® blends cement mortars at 7 and 28 days.

3.4.Flexural Strength:

Flexural strength results for CEM I and LC? blends ce-
ment mortars with varying clinker replacement levels
at 28 days are given in Figure 9. The Figure shows that
LC3-60 blend exhibits the highest flexural strength (about
7.8 MPa), significantly outperforming the conventional

CEM blend (about 5.9 MPa). LC3-50 also shows im-
proved strength (about 7 MPa) over CEM, though slight-
ly lower than LC*-60, indicating a potential trade-off be-
tween material proportions and performance. However,
LC3-40 blend has the lowest strength of about 5.2 Mpa
among the LC? blends, even slightly below CEM.

7.5

6.5

5.5

Flexural Strength (Mpa)

4.5

CEM LC3-60

LC3 blends cement mortars

LC3-50 LC3-40

Figure 9. Flexural strengths of LC? blends cement mortars at 28 days.
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3.5.Porosity:

As shown in Figure 10, LC? blends cement mortars
(LC3-60 and LC3-50) exhibits significant reduction in
porosity at all ages, with 28-day values of 9.6%, and
10.57%, respectively, lower than CEM 1 (11.7%). This
improvement may be attributed to the high surface area
of fine calcined clay particles, which enhances pozzo-

lanic activity and promotes C-S-H formation, leading

to a denser microstructure. These findings align with
(Zunino & Scrivener, 2021) and (Zunino et al., 2022),
who reported that the metakaolin-limestone synergy im-
proves packing and promotes carboaluminate formation,
reducing pore connectivity. However, LC3-40 blend has
the highest porosity across all curing periods, suggesting
it has a lower density compared to the LC* blends, as

Figure 5 illustrates.

23
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9

7

5
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LC3-60)

LC3 blends cement mortars

LC3-50

Figure 10. Porosity of LC? blends cement mortars at different ages.

3.6.Ultrasonic Pulse Velocity (UPV)

Figure 11 compares the ultrasonic pulse velocity (UPV)
results of different cement mortar blends (CEM, LC3-60,
LC3-50, and LC3-40) over curing periods of 3, 7, and 28
days. As expected, UPV generally increases with cur-
ing time, indicating improved material properties as the
cement hydrates and gains strength. CEM (presumably
the control blend) serves as a baseline for comparing the
performance of the LC? blends. The LC? blends (LC3-
60, LC3-50, LC3-40) show varying UPV values, which

could suggest differences in their performance and hy-
dration characteristics. Across all ages, LC?-60 demon-
strates the highest UPV values, peaking at 4.75 km/s at
28 days, signifying superior hardening and densification.
While LC3-50 shows increasing UPV, its values remain
comparable to or slightly below CEM’s at each stage,
indicating moderate strength gain. In contrast, LC?-40
consistently exhibits the lowest UPV, suggesting either
reduced density or slower reaction kinetics relative to the

other mixtures.
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Figure 11. UPV of LC® blends cement mortars at different ages.
5.CONCLUSIONS the clay from the city of Sebha. Additionally, the authors

Within this test program, LC* mortars prepared with lo-
cally calcined kaolinite-rich clay and limestone achieved
comparable 28-day compressive and flexural strengths
to the OPC control at 50% clinker replacement, while
exhibiting lower flow that will require admixture/water
optimization. Mixtures at this replacement level also
showed reduced accessible porosity, indicating micro-
structural densification. These findings suggest that 50%
clinker replacement is a promising target for South-
ern-Libyan LC? mortars. Further work should quantify
durability (chloride ingress, carbonation, sulfate), report
statistical confidence, and assess sustainability benefits
with a simple CO-/energy model.
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ABSTRACT

Nanoparticles are often associated with their small size and numerous applications. The synthesis
process is equally important since it determines the size and properties of the nanoparticles. Additionally, green
synthesis provides an economical, ecologically beneficial, and sustainable substitute. Researchers have focused on
copper nanoparticles (NPs) due to their unique characteristics, which include optical, antibacterial, and electrical
capabilities that depend on size and form. Two techniques are becoming more well-known in this field for produc-
ing silver nanoparticles. The green method and chemical reduction were used to create copper nanoparticles, and
the two samples’ optical, antimicrobial, and structural properties were examined. An extract derived from lemon
fruit was incorporated into the environmentally friendly procedure. Furthermore, trisodium citrate was used as a
reducing agent in the chemical procedure, and several techniques were used to characterize the nanoparticles. These
techniques include X-ray diffraction (XRD), ultraviolet-visible spectroscopy (UV-Vis), scanning electron micros-
copy (SEM), and antibacterial activity. The XRD analysis revealed that the particles were crystalline in form and
that the green-produce variation’s crystal sizes (4.6 nm) were greater than those of the chemical reduction variant (2
nm). The shape of the chemically produced nanoparticles is unclear, whereas the green approach coats the gener-
ated nanoparticles with the biological materials in lemon extract. The antibacterial evaluation was completed using
the agar well diffusion method. The particles’ SEM images showed that they were aggregating into polyhedral and
leaf-shaped particles. In the aqueous solution containing copper nanoparticles, the chemically generated absorption
peak was located at 300 nm in the UV-visible spectrum, whereas the green synthesized absorption peak was located
at 260 nm. This included Escherichia coli O157:H7 and Staphylococcus aureus as the bacteria in the medium. The
green had a larger zone of bacterial growth inhibition. synthesized variant in different concentrations of 20 mg, 40
mg, and 60 mg, which were 22 mm, 25 mm, and 28 mm in Escherichia coli and 14 mm, 24 mm, and 26 mm in
Staphylococcus aureus, respectively. Conclusions: The improved antibacterial responses of the green-produced

versions were caused by the accelerated rate at which the organic chemicals in the lemon fruit extract stabilized the
nanoparticles.

KEYWORDS: Nanopatrticles, green synthesis, chemical synthesis, antibacterial
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1.INTRODUCTION

Nanoparticles are particles that are between one and
one hundred manometers in size. For any object that
is ‘one billionth,” or 107, of another, the prefix ‘nano’
is used. Ordinary materials often exhibit unusual
and distinctive characteristics when reduced to the
nanoscale, such as electrical conductivity, chemical
reactivity, super paramagnetic behavior, exceptional
strength, and other characteristics that the same mate-
rial lacks at the macro- or microscale. Technology is
being developed to limit any dangers to environmen-
tal factors and human health related to manufacturing
(1-4). The application of nanotechnology products,
as well as promoting the substitution of new, envi-
ronmentally friendly nano-products for current ones.
This is known as “green nanotechnology (5,6).

The branch of science and engineering that focuses
on materials is called nanotechnology, according to
(7). According to (8), nanoscience is the study of
phenomena at particle sizes between 1 and 100 nm,
and nanomaterials are materials with ordered com-
ponents at least one dimension smaller than 100 nm.
Nanoparticle-derived nanomaterials: In the past de-
cade, nanoparticles have emerged as a unique class
of materials. Because of their superior conductivity,
metal nanoparticles have garnered more scientific
interest than metal oxide nanoparticles (9). Metal
nanoparticles are discrete particles with sizes rang-
ing from one to one hundred nm; they are not part
of a chemical bond between metals. In contrast to
their equivalent in bulk metal, metal nanoparticles
(NPs) differ greatly from their counterparts in bulk
metal in that. In addition to being large and having
a higher surface-to-volume ratio, these objects also
have lower energy state densities (10, 11). As a result,
they exhibit more specificity and chemical activity
than bulk metals, making them desirable for use as
catalysts (12, 13).

The mechanical, optical, magnetic, electrical, and

chemical characteristics of metal nanoparticles dif-

fer greatly from bulk metals because of their size ef-
fects, often referred to as quantum effects, and high
surface-to-volume ratio (14, 15). Nanoparticles have
drawn significant interest from researchers because
of their special qualities and wide variety of uses.
The “bottom-up” and “top-down” approaches are the
two methods used to create nanoparticles (16, 17). A
top-down approach uses size reduction from a suit-
able starting material for nanoparticle manufacturing
(18). Size reductions are achieved using a variety
of physical and chemical techniques. Imperfections
created in a top-down manner in the nanoparticles’
surface structure pose a substantial constraint because
the chemistry of the surface and additional physical
characteristics of the nanoparticles largely rely on
the surface structure (19, 20). Bottom-up synthesis
combines smaller entities to produce nanoparticles
(21,22).

As per (18), this technique entails the initial creation
of smaller entities that are subsequently put together
to create final particles with sizes in the nanoscale
range. The bottom-up approach is implemented
through the use of chemical and biological methods.
Although biological processes need very little energy
and are conducted in ecologically benign settings, the
production of nanoparticles via chemical and physi-
cal methods requires a lot of energy, which is harmful
to the environment, and involves dangerous substanc-
es (23-25).

Although the synthesis of metal nanoparticles by bio-
logical methods takes longer than chemical methods,
this time has been decreased by employing the appro-
priate bacteria or organisms (26). Thus, the low cost,
environmental friendliness, and one-step, large-scale
process are the benefits of biological approaches
over chemical and physical procedures. It is possi-
ble to produce nanoparticles without using dangerous
chemicals, high pressures, temperatures, or energy
(27, 28). It is well known that bacteria can produce

nanoparticles through biological processes (29). The
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cost of controlling and growing microorganisms is
higher than that of plant extracts, although using mi-
crobes to synthesize nanoparticles is easily scalable,
environmentally benign, and appropriate for use in
medical applications. Due to its low cost, plant-me-
diated synthesis of metal nanoparticles can be a
valuable and economical alternative to large-scale
manufacturing (30, 31). Therefore, this study aims to
develop an environmentally friendly, cost-effective,
and simple synthesis method for metal nanoparticles,
also the application of synthesized nanoparticles as
antibacterial effect on Gram-negative bacteria (Esch-
erichia coli) and Gram-positive bacteria (Staphylo-
coccus aureus).

2.EXPERIMENTAL

2.1.Green Method

To create the lemon fruit extract, the lemon fruit was
cut and transferred to a 250-mL beaker with 200 mL
of deionized water. The mixture was heated at 80
°C for 10 minutes and subsequently filtered through
125-mm filter paper. Copper sulphate pentahydrate
(Cu,S0,) is used to prepare green Nanoparticles of
copper for the synthesis of nanoscale nanoparticles
of copper from lemon fruit extract; H,O was utilized
as a precursor. Eight grams of copper sulphate penta-
hydrate were added to 200 milliliters of lemon fruit
extract, and this mixture was stirred magnetically for
two hours, forming a dark green paste. The mixture
was then calcined to produce a black powder of cop-
per nanoparticles.

2.2.Chemical Method

Initially, a 100 mL aqueous solution of copper sul-
phate pentahydrate (Cu,SO,.5H,0) at 0.01M was
prepared. Next, 100 mL of tri-sodium citrate (Na-
,C,H,0,.2H,0) at 0.IM was incorporated into the
solution above and was stirred at 80°C for an hour.
Green powder formed and was dried for half an hour
at 200°C. Lastly, 100 mL of potassium hydroxide
(KOH) IM was progressively added to the mixture
until the pH reached 12. After that, it was stirred for

30 minutes.

2.3.Antimicrobial Action:

Cultures of bacteria: The nutrients agar medium plate
cultures were employed to cultivate the bacteria. 250
milliliters of sterile distilled water were used to dis-
solve 7 grams of powder to create the medium. Fol-
lowing a 15-minute autoclaving at 121 °C to sanitize
the medium, the bacteria were grown and incubated
for 24 hours at 37 °C. Antimicrobial test: Green syn-
thesis and the antibacterial properties of chemical
synthesis. By applying the agar disk diffusion tech-
nique, copper nanoparticles will be examined on two
species of bacteria, Escherichia coli and Staphylococ-
cus aureus, that were cultured for 72 hours in stable
cultural media.

3.RESULTS AND DISCUSSION

3.1.Physical Properties

The physical properties of Green and Chemical Syn-

thesized Copper nanoparticles are shown in Table 1
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Table 1. Physical properties of green and chemical copper nanoparticles

Nanoparticle Melting point Solubility in water

Solubility in alcohol

Solubility in DMSO Solubility in DMF Color and texture

Green Cu nanoparticles Over 350°C Slow solubility

Non soluble

Slow solubility with
Slow solubility heating O SOy Wi Black hard powder

heating

Chemical Cu nanoparticles | Over 350°C Soluble

Non soluble

. . . Slow solubility with Pale Green soft
Slow solubility with heating

heating powder

3.2.Ultra Violet-Visible Spectroscopy

Each sample was diluted with 0.005 mg in 5 dimeth-
yl form amides, sonicated for 20 minutes, and then
scanned in the 200400 nm wavelength range using
a BMG LABTECH spectrophotometer (Ortenberg,
Germany).

As seen in Figure 1 below, the absorption band in the
UV-VIS spectroscopy of Chemical Copper nanopar-

ticles and Green Copper nanoparticles was located

at 300 nm, with absorption values of 1.5324 and
1.651, respectively. Copper nanoparticles formed in
accordance with studies that suggested that copper
nanoparticles created between 200 and 350nm, as
figure 1 shows the absorption band at 300nm veri-
fied the formation of copper nanoparticles; The ab-
sorbance intensity dropped as the wavelength grew,
suggesting that formation did not take place at a very

long wavelength.
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Figurel. UV-VIS spectrum analysis

3.3.Scanning Electron Microscopy

SEM was used to investigate the shape of artificial-
ly created copper nanoparticles. The SEM images
of chemically synthesized copper nanoparticles and
green synthesized copper nanoparticles are shown in
Figure 2. The experimental results showed that the
SEM images of the chemically synthesized nanopar-
ticles showed aggregation of the particles with poly-
hedral and leaf-shaped particles. In contrast, the
green method produced nanoparticles whose shape

is obscured in SEM images because they are coated

in biological molecules in the lemon fruit extract.
However, it is evident from the images that green
nanoparticles are smaller than chemically produced
ones, which indicates a large ratio of surface area to

volume. These results are consistent.
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Figure 2. SEM Images of (A) chemical Copper nanoparticles and(B) Green Copper nanoparticles
3.4.X-Ray Diffraction Analysis

The copper nanoparticles’ X-ray diffraction patterns
produced by lemon fruit extract are shown in Fig-
ures 3 and 4. The copper nanoparticles synthesized
in green exhibit a more acute diffraction peak value,
indicating a higher percentage of crystalline phases.
On the other hand, the size of the crystallite was es-
tablished using the Debye Scherer equation:

D=KA\ /(B cos 0)

Here, K is the dimensionless form factor (~0.94), p
is the radiation wave length, and 0 is the Bragg an-
gle. B is also the complete width at half maximum of
the corresponding peak. D is primarily the ordered
domains’ primary size, which is regarded as being
equivalent to the size of the particle (applicable for
only particles less than 100 nm). From the values in
the diffraction pattern of The Green copper nanoparti-
cles, the particle size can be calculated as below.
D=KM(B cos 0)

D=(0.94x1.54)/(4.73 c0s9 )

D=4.6 nm

For less 20 value, and for a higher one, it becomes
as below.

D=KM( cos 0)

D=(0.94x1.54)/(1.13 cos 42.5)

D=1.7nm

So, from XRD, the particle size of the Green Cop-

per Nanoparticle is from 1.7 to 4.6 nm, and from the
X-ray diffraction pattern values of the chemical cop-
per nanoparticles, the particle size of chemically syn-
thesized copper nanoparticles is calculated as
D=KM(p cos 0)

D=(0.94x1.54)/(1.0 cos 49)

D=0.3nm

And for the less value of 20, the smaller particles the
particle size:

D=KM(p cos 0)

D=14.56/8.36

D=1.74 ~ 2nm

From the results of XRD and by applying the Debye
Scherer equation, the particle size of Green Copper
nanoparticles is between 3nm-16nm, smaller than the

chemically synthesized 0.3-2nm in size.
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Figure 4. XRD diffraction pattern of chemically synthesized Copper nanoparticles
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3.5.Antibacterial activity

Two different species of bacteria were used to test
the antibacterial activity. Gram-negative bacteria,
Gram-positive Staphylococcus aureus, and Esch-
erichia coli are all represented in the antibacterial
action of chemical and green copper nanoparticles.
Using the Agar diffusion method, the products were
used in powder form at concentrations of 20, 40, and
60 mg. All the concentrations were applied to the sur-
face of the culture plates, and the plates were then
incubated upside down at 37°C for a whole day(35).
After the inhibitory effects of the substances were
identified, it was found that the zones of suppression
of bacterial growth produced by green and chemi-
cal copper nanoparticles differed from one another.
Nanoparticles’ antibacterial efficacy is a size-de-
pendent property that improves with a reduction
in particle size; for E. coli (Gram-negative), green
CuNPs produced inhibition zones of 22-28 mm,

whereas chemically synthesized CuNPs produced

12-23 mm. A similar trend was observed for S. au-
reus (Gram-positive), with green CuNPs producing
14-26 mm inhibition zones compared to 10-28 mm
for chemical CuNPs. The enhanced activity of green
nanoparticles may be attributed to the presence of
bioactive phytochemicals from the lemon extract,
such as flavonoids, polyphenols, and citric acid,
which can act synergistically with the copper ions to
disrupt bacterial membranes more effectively (32,36)
Such natural capping agents can improve nanoparti-
cle stability, dispersion, and surface reactivity, all of
which increase antibacterial efficiency (33,34). How-
ever, Green Copper nanoparticles increase the zone of
inhibition more than Chemical Copper nanoparticles,
and the measurements of the inhibition zone are tab-
ulated in Tables 3 and 4. Green Copper nanoparticles
exhibit more antibacterial potential than Chemical
Copper nanoparticles because they have smaller par-
ticle sizes and higher surface areas. The tables (2-3)

and figures (5-6) provided illustrations of the results.

Table 2 Antibacterial measurements of green copper nanoparticles

Sample Bacteria Weight of the sample (mg) Bacteria type Zone of inhibition D(mm)
20 22
Escherichia coli 40 Gram negative 25
Green Copper 60 28
Nano-particles 20 14
Staphylococcus aureus 40 Gram positive 24
60 26
Table 3 Antibacterial measurements of Chemical Copper Nanoparticles
Sample Bacteria ‘Weight of the sample (mg) Bacteria type | Zone of inhibition D(mm)
20 12
Escherichia coli 40 Gram negative 15
Chemical Copper 60 23
Nano-particles 20 10
Staphylococcus aureus 40 Gram positive 20
60 28
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Figure 6. Antibacterial effect of chemical copper nanoparticles at three concentrations on E. coli and Staph aureus.

4.CONCLUSION

In summary, two different methods were employed
to produce copper nanoparticles: the green method,
which utilized the aqueous extract from lemon fruit,
and the chemical reduction method, which used triso-
dium citrate. The aqueous extract from lemon fruit is
free of the dangerous chemicals used in the chemical
process. The phytochemicals in the lemon fruit ex-
tract, however, not only aid in lowering the particle
sizes but also in adequately stabilizing them. Further-
more, the optical band gaps of the two processes were

about the same, and the green approach’s average

copper nanoparticle size was greater than the chem-
ical method’s (2 nm). Additionally, using the green
technique increased the lemon fruit extract antimicro-
bial effectiveness. Consequently, a comparison of the
features of the two variations leads to the conclusion
that green synthesis is more effective than chemical
reduction in producing copper nanoparticles.
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ABSTRACT

Cloud RAN requires fast, SLA aware resource allocation across heterogeneous
slices (eMBB, URLLC, mMTC). Training a dedicated controller for every slice is imprac-
tical; policies must generalize to unseen slice semantics spanning latency, reliability, rate,
burstiness, and mobility. A coupled radio—compute—fronthaul allocation problem is formu-
lated, and Zero Shot Slice Policy Transfer (ZSPT) is introduced as a semantics to policy
mapping that operates without per slice training by distilling a high quality convex surrogate
into a lightweight scheduler. In this paper zero shot performance was evaluated against
Proportional Fair (PF) and the convex surrogate, reporting throughput, Jain’s fairness, UE
rate percentiles, and SLA violation probability with bootstrap 95% confidence intervals. In
a representative scenario, ZSPT matched PF on unseen slices, while the convex surrogate
increased fairness and substantially raises Sth percentile UE rates.
KEYWORDS: RAN slicing, Cloud RAN, zero shot learning, convex optimization, propor-
tional fair, fronthaul, SLA.
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1.INTRODUCTION

Network slicing exposes a single radio access network
(RAN) to heterogeneous service—level agreements
(SLAS) spanning enhanced mobile broadband (eMBB),
ultrareliable lowlatency communications (URLLC), and
massive machinetype communications (mMTC). Each
slice carries distinct priorities aggregate throughput for
eMBB, stringent deadline/reliability for URLLC, and
scalability for mMTC together with operational descrip-
tors such as burstiness and mobility. Meeting these tar-
gets concurrently on shared spectrum, power, compute,
and fronthaul resources is central to 5G/6G operations
and is formalized in 3GPP’s slice management standards
[1-7]

CloudRAN (CRAN) centralizes baseband processing
and exposes flexible functional splits, this architecture
enables global optimization across cells but introduces
practical coupling constraints: limited fronthaul capacity,
pooled compute, and short timescales for scheduling and
adaptation 1. These couplings tie the radio, compute, and
transport domains and make resource allocation a multi-
objective problem rather than a pure spectralefficiency
task.

A long line of schedulers balances efficiency and eq-
uity. Proportional Fair (PF) remains a widely deployed
baseline because it yields a pragmatic tradeoff between
instantaneous rate and historical throughput, approxi-
mating a sumlog utility in time *. Convex optimization
provides principled surrogates for such utilities, yielding
globally optimal allocations under simplified interfer-
ence models and simplextype constraints (.
1.Understanding Zero-Shot Learning:

Zero shot learning is a machine learning approach which
enables models to identify and sort out of the picture
objects, concepts, or situations which they did not see
during the training phase. This is achieved by the use
of auxiliary information like semantic embeddings, at-
tributes, or knowledge graphs that draw connections be-
tween unknown classes and what the model has already

learned. For example, if a model has learned of “stripe”

and “yellow” it may determine what a “yellow striped
animal” is, even if it has not seen a zebra during train-
ing ?*?7l In Cloud RAN ZSL is able to make best re-
source allocation and scheduling choices for new traffic
patterns, user behaviors, or network conditions without
having past examples for each and every case. This also
reduces the need for continuous retraining and which in
turn allows for quicker adaptation and deployment which
is a great benefit in dynamic cloud settings. Also, the per-
formance of ZSL is very attractive in which it is not prac-
tical or at all possible to get labeled data for every single
operation state.?>%)

Conventional controllers’ handtuned heuristics or deep
reinforcement learning (DRL) often underperform when
anew slice appears whose SLA semantics were not seen
during training. Retraining per slice is operationally cost-
ly and violates realtime deployment constraints. A com-
plementary approach is zeroshot generalization: map a
compact semantic description of a slice (latency, reliabil-
ity, rate targets, burstiness, mobility) directly to scheduler
parameters, without additional training. This idea aligns
with taskconditioned principles where policies are pro-
duced by a learned mapping from task descriptors !'!7
2.Pseudocode for a Zero-Shot Throughput-Latency
Scheduler

Initialize policy parameters from pre-trained zero-shot
model For each incoming request r:
if current_latency > latency_threshold:

// Prioritize decode batches to reduce latency for
critical real-time traffic prioritize decode batches for fast
response
else if GPU_utilization < utilization_threshold:

// Schedule prefill for new requests to improve
throughput by utilizing idle resources schedule prefill for
new requests

else:  // Balance scheduling between prefill and decode
for general optimization balance scheduling between prefill
and decode

Update policy state based on throughput and latency
feedback Repeat
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This pseudocode represents a simplified yet effective
decision-making logic. The pre-trained zero-shot model
provides the “intelligence” to understand the implica-
tions of different scheduling actions on overall system
performance without explicit training on every possi-
ble network state. Feedback loops, driven by real-time
throughput and latency measurements, allow the policy
to adapt and refine its decisions over time ¢} 271,

The radar chart as shown in figure (1) illustrates the per-
ceived strengths of a Zero-Shot Learning (ZSL) policy
compared to a Traditional Rule-Based policy in key per-
formance areas for Cloud RAN. The ZSL policy excels
in adaptability and scalability due to its ability to gener-
alize to unseen conditions, whereas traditional policies,
while solid in predictable scenarios, tend to fall short
when faced with dynamic or novel challenges. Both aim
for latency reduction and throughput maximization, but
ZSL’s dynamic nature gives it an edge in resource effi-
ciency, as it can make more informed decisions about

optimizing computational resources in real-time.

Zero shot learning policy traditional Rule Based Policy

Resource Efficiency

Sealability Adaptability

Throughput maximizatin Latency Reduction

Figure 1: Comparative Analysis of Zero-Shot Learning
vs. Traditional Policies for Cloud RAN.

This work develops a coupled radio—compute—fronthaul

formulation for sliced CRAN and introduces ZeroShot

Slice Policy Transfer (ZSPT), a semanticstopolicy gen-

erator distilled from a highquality teacher. The study:

(1) specifies an optimization model and constraints con-
sistent with slice KPIs [, CRAN nearRT control, and
fronthaul limits %), (ii) instantiates ZSPT as a lightweight
scheduler whose parameters are predicted from slice
semantics; and (iii) evaluates zeroshot behavior against
PF and a convex surrogate teacher using sumthroughput,
Jain’s fairness, UErate percentiles, and SLAviolation
probability, accompanied by bootstrap 95% confidence

intervals for reproducibility '

2.SYSTEM MODEL
Consider a Cloud RAN with RRHs (R), a cen-
tralized (virtualized) BBU pool, and slices

(S). Slice (s) serves UEs (U) with SLA vector

as = [d¥, g%, pmin h o m] for latency, reli-
ability, rate target, burstiness, and mobility. Decision
variables include per-RRH UE RB-fractions (w, ), trans-
mit power budgets, and compute allocations; fronthaul
capacities (F) and total compute (C) impose coupling
constraints. Achievable rates use a standard SNR model
with log-utility 1522,

Objective (utility with penalties):
maxy,p,c Zszueus U(R,) — ke zs Cs — kf Zr% w)

subject to (i)  Pr(Dy, >dre*] < emex, o (i)
per-RRH RB-simplices and fronthaul limits, and (iii)
power/compute budgets. Here U(.) is concave (e.g., log),
and approximates fronthaul usage. !

1.Zero-Shot Slice Policy Transfer (ZSPT)

Let goa—6 map slice semantics to parameters
of a differentiable scheduler. We use a weighted score
per UE combining instantaneous rate fairness (PF-like)
and latency pressure; RB fractions are the softmax-like
normalization of scores, followed by fronthaul projec-
tion. A training distills from convex surrogate over seen
slices by minimizing a task loss plus a distillation loss

z . At test time, unseen slice obtains

||T[gw -
. in zero-shot fashion. ©+[7)
0y = gyplag)i

PF  (Proportional Fair) weights a R"St/R

as Fast, standard, and convex surrogate maximize

Z log (e + Z SruWry)  per-RRH simplices.
r

u
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Algorithm 1 — Offline training

For each seen slice s with semantics a :Solve Convex
surrogate optimization —Repeat until convergence:

Sample slices; 0s =gy (as) ; m, = Allocate(0 )L =
Ly (m;8) +An -["2Update ¢ < ¢ -1 Vw LReturn Ky

Algorithm 2 — Zero-shot inference

Input: unseen semantics a’0’ =g (a’)(x , p , ¢) = Allo-
cate(0”) with simplex/fronthaul/power projections

3.SIMULATION RESULTS
In this simulation setup: R=4 RRHs and U=40 UEs (uni-
form in a 1 km square), bandwidth B=20 MHz, per-RRH

equal power split with total P =2W, and generous
fronthaul F =1 Gbps. Six seen slice prototypes train; two
unseen slice prototypes test zero-shot behavior. The eval-
uated Metrics Sum throughput (Mbps), UE-rate percen-
tiles P5 and P50 (Mbps), Jain’s faimess J € (0,1]

, and SLA-violation fraction (share of UEs exceeding a
20 ms delay proxy.

Under the default load/threshold, all schemes met the
SLA (violation fraction 0), so differentiation appears in
fairness and rate distribution as shown in figure (2).
Aggregate throughput is identical across schedulers (400
Mbps; bootstrap 95% CI: [400, 400]). Accordingly, ob-
served performance differences arise from how capacity
is apportioned across user equipment (UEs) and the con-

sequent effect on SLA compliance.

corresponding intervals for PF and ZSL, indicating a sta-
tistically clear advantage.

In Tail rate (P5, Mbps), the convex surrogate materially
elevates the Sth-percentile UE rate; its point estimate ex-
ceeds those of PF/ZSL, and its 95% CI sits well above
their lower bounds, evidencing stronger protection of
edge users.

In Median rate (P50, Mbps), PF yields the highest me-
dian throughput, whereas the convex surrogate trades
some median performance for improved fairness and tail

robustness.

STt 1) S vibons )

Fivss ) Ve OF o) )

Figure 2. (i) sum-throughput bars, (ii) violation bars,

(iii) fairness bars, and (iv) UE-rate CDF (PF vs ZSPT vs

Table (1) summaries the simulation results as following: Convex)
In Fairness (Jain’s index), the convex surrogate attains
substantially higher fairness; its 95% CI lies above the
Table 1: summaries the simulation results
Fairness (Jain) P5 Mb/S P50 Mb/s SLA violations
UNSEENI 0.839 36.56 36.56 0.60
PF UNSEEN2 0.931 99.91 120.10 0.70
AVERAGE 0.885 37.11 98.51 0.80
UNSEEN1 0.833 33.07 33.07 0.60
ZHL UNSEEN2 0917 90.93 127.03 0.70
AVERAGE 0.875 35.56 86.75 0.80
UNSEENI1 0.957 68.16 68.16 0.60
CONVEX UNSEEN2 0.990 82.79 90.53 1.00
AVERAGE 0.974 69.29 82.15 0.80
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In SLA violations, the convex surrogate exhibits a higher
central violation rate (= +0.10 absolute) relative to PF/
ZSL, although the confidence intervals overlap, suggest-
ing the increase is a consistent trend but not definitively
significant at the 95% level.

Under a binding system constraint (sum throughput fixed
at 400 Mbps), the convex surrogate reallocates capacity
toward weaker UEs, improving fairness and PS5 at the ex-
pense of a higher violation probability and a lower me-
dian under stringent deadline/demand conditions. PF and
ZSL track each other closely showing similar violation
rates and medians but with lower fairness and a weaker
tail than the convex surrogate.

4.CONCLUSION

A zero-shot slice policy transfer (ZSPT) mechanism that
mapped slice semantics (latency, reliability, target rate,
burstiness, mobility) to scheduler parameters enabled
SLA-aware resource allocation in Cloud-/Open-RAN
without per-slice training. By distilling guidance from
a high-quality teacher (convex surrogate) into a light-
weight allocator, ZSPT produced deployable policies
on the near-RT timescale while avoiding the operational
burden of training/retuning for each new slice.

Under the stressed scenario (tight deadline and con-
strained fronthaul), aggregate throughput was fixed by
system limits (=400 Mbps with degenerate Cls), so dif-
ferences were driven by distribution of capacity across
UEs and SLA compliance. The convex surrogate deliv-
ered substantially higher fairness (Jain) and stronger tail
protection (higher P5) but incurred a higher SLA-viola-
tion probability and a lower median rate (P50). ZSPT, as
instantiated, tracked the PF baseline closely—maintain-
ing similar median and violation behavior but not fully
inheriting the convex teacher’s fairness/tail gains. The
pattern indicates a classical efficiency—equity—reliability
trade-off under binding constraints.

ZSPT is a practical, low-overhead means to achieve
SLA-aware allocation for unseen slices in C-RAN.
It excels in agility and interpretability and, with viola-

tion-aware distillation and run-time guardrails, can ap-

proach teacher-level fairness and tail protection while
maintaining acceptable SLA compliance under tight
constraints.
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