e
L

République Algérienne Démocratique et Populaire

Ministére de I’Enseignement Supérieur et de la Recherche Scientifique

Ecole Nationale Polytechnique

g

Ay 330 dogido ) e )

Ecole Nationale Polytechnique

| LAVALEF |

Département de Génie chimique

Laboratoire de Valorisation des Energies Fossiles

THESIS

Submitted by Amira OTHMANI

in Fulfillment of the Requirements for the Degree of Doctor of LMD

Valorization of Non-Living Microbial Biomass for the Adsorptive Removal of Cationic

Dyes from Multicomponent Aqueous Systems: Mechanistic Study, DFT Adsorption

Energy Analysis, Modeling, and Machine Learning-Based Optimization.

Under the supervision of Prof.: Ammar SELATNIA

Presented and publicly defended on March 24%, 2026

Jury Composition:

President
Examiner
Examiner

Examiner

REBAS Ouardia

KERCHICH Yacine
BERRAMA Tarek Ibnou Ziad

AKSAS Hamouche

ENP 2026

Professor

Associate Professor
Professor
Professor

Professor

ENP

ENP
USTHB
UMBB






e
L

République Algérienne Démocratique et Populaire

Ministére de I’Enseignement Supérieur et de la Recherche Scientifique

Ecole Nationale Polytechnique

>

N s A

Ecole Nationale Polytechnique

| LAVALEF |

Département de Génie chimique

Laboratoire de Valorisation des Energies Fossiles

THESIS

Submitted by Amira OTHMANI

in Fulfillment of the Requirements for the Degree of Doctor of LMD

Valorization of Non-Living Microbial Biomass for the Adsorptive Removal of Cationic

Dyes from Multicomponent Aqueous Systems: Mechanistic Study, DFT Adsorption

Energy Analysis, Modeling, and Machine Learning-Based Optimization.

Under the supervision of Prof.: Ammar SELATNIA

Presented and publicly defended on March 24%, 2026

Jury Composition:

President
Examiner
Examiner

Examiner

REBAS Ouardia

KERCHICH Yacine
BERRAMA Tarek Ibnou Ziad

AKSAS Hamouche

ENP 2026

Professor

Associate Professor
Professor
Professor

Professor

ENP

ENP
USTHB
UMBB



République Algérienne Démocratique et Populaire
Ministére de I’Enseignement Supérieur et de la Recherche Scientifique

Ecole Nationale Polytechnique

>

| LAVALEF |

e
L

N s A
Ecole Nationale Polytechnique

Département de Génie chimique

Laboratoire de Valorisation des Energies Fossiles

Theése de Doctorat
Présentée par Amira OTHMANI

en vue de I’obtention du diplome de doctorat (LMD)

colorants cationiques a partir de systemes aqueux multicomposants

Valorisation de la biomasse microbienne non vivante pour I’élimination adsorptive des

étude

mécanistique, analyse de I’énergie d’adsorption par la théorie de la fonctionnelle de la

\densité (DFT), modélisation et optimisation basée sur I’apprentissage automatique. )

Sous la direction du Pr. : Ammar SELATNIA Professeur

Présentée et soutenue publiquement le 24 Mars 2026

Composition du Jury:

Présidente REBAS Ouardia Maitre assistante
Examinateur KERCHICH Yacine Professeur
Examinateur BERRAMA Tarek Ibnou Ziad Professeur
Examinateur AKSAS Hamouche Professeur

ENP 2026

ENP

ENP
USTHB
UMBB



ACKNOWLEDGEMENTS

First and foremost, I would like to express my deepest gratitude to Allah, the Almighty,
for granting me the strength, patience, and perseverance to overcome every challenge throughout
this long journey of research. His blessings and mercies are countless (x5 ¥g 32 ¥ il 4sal),
and by His divine will alone, this work was brought to completion.

The successful realization of this thesis would not have been possible without the invaluable
support, guidance, and encouragement of many individuals to whom I owe my sincere
appreciation.

I wish to express my heartfelt gratitude to my thesis supervisor, Professor Ammar SELATNIA,
for his insightful guidance, constant support, and the trust he placed in me throughout the
development of this work. His scientific rigor, constructive advice, and encouragement have been
a true source of inspiration and a major contribution to the quality of this research.

My deepest thanks are also extended to my thesis co-supervisor, Dr. Adh’ya-Eddine
HAMITOUCHE, for his patient supervision, valuable technical assistance, and continuous
availability during the experimental work. His precise instructions, pertinent remarks, and constant
support have greatly guided the progress of this study.

I am also sincerely grateful to Dr. Khaldoun BACHARI, Director of the CRAPC (Centre de
Recherche Scientifique et Technique en Analyses Physico-Chimiques), for welcoming me into
his laboratory, for his trust, and for providing all the facilities and resources necessary for the
completion of my experimental investigations. My warmest thanks go as well to the entire
CRAPC team, whose collaboration, technical competence, and kindness made every step in the
laboratory both productive and rewarding.

I would also like to express my sincere appreciation to the members of the jury;
Dr. REBAS Ouardia, Professor KERCHICH Yacine, Professor BERRAMA Tarek, and Dr.
AKSAS Hamouche; for the honor they have done me by evaluating this modest work and for
their constructive scientific remarks that contributed to enriching the quality of this thesis.

My gratitude is equally extended to the Ecole Nationale Polytechnique (ENP)
and the Department of Chemical Engineering for their academic and institutional support.
Special thanks are addressed to Mrs. Fadhila, the department administrator,
for her professionalism, availability, and unfailing kindness.

Finally, I wish to thank all those; colleagues, engineers, and technicians; who, directly or
indirectly, contributed to the successful completion of this work through their advice, assistance,
or encouragement. To each and every one of you, I extend my deepest respect and heartfelt
gratitude.



DEDICATION

To my beloved mother, Fakia,

the first light of my life, whose prayers built my strength,
whose love carried me when I could not carry myself.
Every breath of courage I took began with your faith in me.

To my father, Salah,

whose quiet strength and boundless patience taught me dignity, perseverance, and grace.
Your wisdom lives in every step I take.

To my sister, Malak,

my confidante and gentle soul,
your laughter healed my heavy days, and your words reminded me that love always finds a way.

To my cherished friend, Soulaf,

whose loyalty and warmth illuminated the darkest hours of this journey.
Your friendship has been both a comfort and a compass.
To my husband, Amir,

the heart that beats beside mine,
thank you for your love that never faltered, for your patience that knew no limit,
and for standing beside me through every storm and sunrise.

To my precious sons, Azad and Adam,

my greatest joy and truest inspiration.
You are the promise that makes every effort worthwhile,
the reason my heart never gives up.

To my family; near and far,

for their infinite love, for their faith when I doubted,
and for holding me up when I was weary.

And to every soul who was there when I needed strength,

your kindness became part of my story,
and your belief helped me reach this dream.
This work is the reflection of your love, of your prayers and the fruit of every silent sacrifice
made for me.
With all my heart,
I dedicate this
thesis to you.

%mz’ra



ABSTRACT

oadlall

DYl s 46 bl aal) 4] bl G Diail) A sall gLl A Y Al A5 dlale 30l Ay gl
0o Ay Alxd Cile gane 3 5a 5 AiliaI-A 5l Jallall o jedal il oSl saneie Ailall Aakai¥) (g (28 (ol
oty U gty byl all Alale il ddeal) o Ae 55 3015 S pal) sl all iy ) 5ieY) L Aladl 5oL
A5 IV (a5 31 eV il (s A8Dadl (DFT) 435S Al 3 jkas ciljlea Cinia o LS oadaid) e Jelasll
DNN-NAS—ciladall 30 el 23 saill La sad dladiiall V) aleil) 3l e a5 3 5al) Jelall el

el diine g Allnd Alala 3ale i3S 7imosus - 4 gl 2K U\ c.\\_\.d\ K3, ) e & gl Gt g g8all il (e «PSO
= liall Cayeall olua dadleal 4y yila Aalatl 4, jlie 2065

PRREXP @LA]\ Aaday) ¢ :\:uj:ﬂ&\ tL\mY\ ¢ Streptomyces rimosus = 4.1"5.\;5\ sy ‘Lﬁ}:‘d‘ hl—)ﬁJY\ : 3.);1.“\.&.4\ Cilalsd)
(Y alaill aladinly aeadlle (DFT) RS Ala 45 pkas ¢ <l &)

Résumé

Cette étude porte sur la valorisation de la biomasse de Streptomyces rimosus, sous-produit
industriel de la production d’antibiotiques, comme biosorbant écologique pour I’élimination de
colorants cationiques (Basic Blue 41, Basic Red 46 et Basic Yellow 28) a partir de systémes aqueux
multi-composants. La caractérisation physico-chimique a révélé la présence de groupements
fonctionnels actifs conférant une forte affinité d’adsorption. Les études cinétiques et isothermes
ont montré un processus spontané, endothermique et principalement de type chimisorptif. Les
analyses de la Théorie de la Fonctionnelle de la Densité (DFT) ont permis de relier les énergies
d’adsorption et les descripteurs ¢€lectroniques aux observations expérimentales. Les modeles
d’apprentissage automatique, notamment le réseau neuronal profond hybride DNN-NAS-PSO,
ont permis une prédiction et une optimisation précises du processus d’adsorption. Cette recherche
démontre le potentiel de S. rimosus comme biosorbant durable et efficace, contribuant a une
approche circulaire pour le traitement des eaux usées industrielles.

Mots-clés : Biosorption ; Biomasse de Streptomyces rimosus ; Colorants cationiques ; Systémes
aqueux multi-composants ; Théorie de la Fonctionnelle de la Densité (DFT) ; Optimisation par
apprentissage automatique

Abstract

This research investigates the valorization of Streptomyces rimosus biomass, an industrial by-
product of antibiotic production, as an eco-friendly biosorbent for the removal of cationic dyes
(Basic Blue 41, Basic Red 46, and Basic Yellow 28) from multicomponent aqueous systems.
Comprehensive physicochemical characterization confirmed the presence of active functional
groups responsible for high adsorption affinity. Adsorption kinetics and isotherms revealed a
spontaneous, endothermic, and predominantly chemisorptive process. Density Functional Theory
(DFT) analyses correlated adsorption energies and electronic descriptors with experimental
performance, elucidating molecular-level interaction mechanisms. Advanced machine learning
models, including a Tri-Hybrid DNN-NAS-PSO framework, provided accurate prediction and
optimization of adsorption behavior. The study establishes S. rimosus biomass as a sustainable and
efficient biosorbent, offering a circular-economy approach for industrial wastewater remediation.

Keywords: Biosorption; Streptomyces rimosus biomass; Cationic dyes; Multicomponent aqueous
systems; Density Functional Theory (DFT); Machine learning optimization.
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