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ABSTRACT
Microbiologically influenced corrosion (MIC) represents one of the most
complex and destructive forms of material degradation, accounting for
approximately 20% of global corrosion-related economic losses. This
comprehensive review systematically examines the multifaceted nature of MIC,
from fundamental mechanistic understanding to advanced detection
methodologies and sustainable control strategies. The electrochemical
framework governing MIC involves distinct mechanisms including
extracellular electron transfer (EET-MIC), metabolite-mediated corrosion (M-
MIC), and biofilm-driven microenvironmental alterations. Sulfate-reducing
bacteria (SRB) emerge as primary culprits, responsible for approximately 75%
of production well corrosion issues and 50% of pipeline system failures in the

Article info

Received: 14.05.2026
Accepted: 27.07.2026
Available Online: 28.10.2026
Checked for Plagiarism: Yes

Keywords:

Microbiologically influenced
corrosion, sulfate-reducing
bacteria, biofilms, extracellular
electron transfer, corrosion
monitoring

oil and gas sector. Recent advances in molecular biology, including multi-omics
approaches (genomics, transcriptomics, proteomics) and gene editing
technologies, have provided unprecedented insights into corrosion-related
genes, proteins, and metabolic pathways. Detection methodologies have
evolved from traditional culture-based techniques to sophisticated biosensors,
electrochemical monitoring, and Al-driven predictive frameworks achieving
>98% detection accuracy. Mitigation strategies encompass biocides,
nanomaterials, coatings, quorum sensing inhibition, and emerging enzymatic
remediation approaches. The review concludes that effective MIC management
requires integrated, interdisciplinary approaches combining mechanistic
understanding, advanced monitoring, and sustainable control technologies.

Introduction

Corrosion represents one of the most pervasive and
economically burdensome challenges confronting

Unlike purely abiotic electrochemical corrosion,
MIC involves the dynamic interaction between

modern industrial infrastructure, with annual global
costs estimated at approximately $2.5 trillion,
equivalent to 3-4% of GDP in industrialized nations
[1]. Within this macrocosm, microbiologically
influenced corrosion (MIC) stands as an
exceptionally aggressive variant, accounting for an
estimated 20% of aggregate corrosion losses
worldwide [2].

microorganisms and metal surfaces, resulting in
accelerated  degradation  through  complex
biological-electrochemical mechanisms that remain
incompletely understood [3]. The ubiquity of MIC
spans virtually all industrial sectors. In the oil and
gas industry, MIC manifests extensively across
extraction,  transportation, and  processing
operations, causing structural damage to pipelines,
storage tanks, and drill rods, potentially triggering
fires, explosions, and significant economic losses.
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Statistical analyses indicate that 75% of production
oil well corrosion issues and 50% of pipeline system
failures are attributed to MIC. Marine environments,
water utilities, offshore infrastructure, railways, and
even biomedical implants face similar threats from
diverse microbial communities [4-10]. The railway
sector exemplifies the hidden nature of MIC, where
open toilets and animal feces on tracks create
conditions for microbial corrosion, compromising
rail steel integrity and service life. The complexity
of MIC arises from the intricate interplay of multiple
factors: microbial species composition, biofilm
structure, metabolic activities, environmental
conditions (temperature, pH, salinity, humidity),
and material properties. Unlike conventional
corrosion driven by physicochemical interactions,
MIC exhibits significantly more complex behaviors
due to the central role of biofilms structured layers
of microorganisms that alter local electrochemical
environments through metabolite production,
oxygen depletion, electron harvesting, and creation
of differential aeration cells [11-20]. The dynamic
and multifactorial nature of microbial-material
interactions makes MIC notoriously difficult to
predict, detect, and control using traditional
approaches [21].

Recent technological advances have revolutionized
MIC research and management. Advanced
microbial technologies including multi-omics
(genomics, transcriptomics, proteomics), gene
editing, and biosensing provide unprecedented
insights into corrosion mechanisms. Nanomaterials
offer precision engineering capabilities for biofilm
disruption and targeted biocide delivery [22-30]. Al-
driven monitoring frameworks and loT sensors
enable real-time, predictive corrosion management
with exceptional accuracy. These developments
herald a paradigm shift from reactive repair to
proactive, sustainable MIC management. This
comprehensive review aims to synthesize current
understanding of MIC across four interconnected
domains: fundamental mechanisms of microbial
corrosion, advanced detection and monitoring
methodologies, state-of-the-art mitigation
strategies, and future perspectives. Particular
emphasis is placed on emerging technologies that
bridge laboratory mechanistic understanding with
field-applicable,  environmentally  sustainable
solutions [31].

Literature Review

Historical Context and Economic Significance:
Scientific investigation of MIC spans several
decades, with early research linking corrosion to
microbial activity through observations of
accelerated steel degradation in environments
harboring sulfate-reducing bacteria (SRB). The
seminal recognition that microorganisms could
influence corrosion rates transformed understanding
of material degradation in natural and engineered
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environments [32-34]. Over subsequent decades,
researchers identified diverse microbial species
involved in corrosion, including bacteria, fungi, and
archaea, and established fundamental mechanisms
governing microbial-metal interactions. The
economic significance of MIC has been
systematically quantified through industry studies
and government reports [35-45]. The global
corrosion expenditure attributable to MIC is
estimated at approximately 20% of total corrosion
costs, translating to hundreds of billions of dollars
annually. Within the oil and gas sector, MIC-related
damages to pipelines, storage tanks, and processing
equipment represent substantial operational costs
and safety risks. The US gas pipeline industry alone
incurs billions of dollars in annual losses from MIC.
Replacement of steel affected by corrosion
contributes significantly to global CO: emissions,
with MIC playing a substantial role in this
environmental footprint.

Key Microorganisms and Metabolic Pathways
MIC is driven by diverse microbial consortia rather
than isolated species, forming complex synergistic
or competitive metabolic relationships within
biofilms. The primary corrosive microorganisms are
categorized based on oxygen requirements and
metabolic pathways:

v/ Sulfate-Reducing Bacteria (SRB): SRB
are considered the primary cause of MIC in
pipeline  systems,  responsible  for
approximately 75% of production well
corrosion issues. These anaerobic bacteria
utilize sulfate as terminal electron acceptor,
producing hydrogen sulfide (H2S) that
accelerates cathodic depolarization and
promotes hydrogen embrittlement [46-55].
The metabolic product ferrous sulfide
(FeS) is typically detected in rust layers of
corroded steel.

v" Sulfur-Oxidizing Bacteria (SOB): SOB
oxidize sulfur compounds, generating
sulfuric acid that creates highly corrosive
acidic microenvironments. These bacteria
often coexist with SRB in biofilm
communities, creating synergistic
corrosion effects.

v' Metal-Oxidizing Bacteria: Iron-oxidizing
bacteria contribute to corrosion through
oxidation of ferrous to ferric ions, creating
differential aeration cells that drive
localized pitting.

v Other Microorganisms: Aerobic bacteria,
fungi, and archaea participate in MIC
through various mechanisms including
organic acid production, oxygen depletion,
and creation of concentration cells.
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MIC Mechanisms

After decades of research, scientists have identified
several mechanisms explaining MIC, primarily
categorized into three frameworks:

v' Extracellular Electron Transfer MIC
(EET-MIC): This mechanism involves
bacteria utilizing electrons derived from
iron oxidation for metabolic processes such
as sulfate reduction [56-70]. Two routes of
electron transfer are utilized: direct
electron transfer (DET), where bacteria
make direct contact with the metal surface
or connect via pili, and mediated electron
transfer (MET), where soluble electron
transfer mediators (e.q., c-type
cytochromes) shuttle electrons from the
steel surface to the cell wall. The oxidation
of Fe couples with sulfate reduction to
produce ferrous sulfide.

v' Metabolite-MIC (M-MIC): This
mechanism  involves  microorganisms
producing deleterious metabolites that
facilitate corrosion reactions [71-80]. The
primary route involves biofilm formation
on metal surfaces, where extracellular
polymeric  substances (EPS) create
gradients of chemical species and pH that
facilitate galvanic microcell formation on
the steel surface, exacerbating corrosion.

v/ Biodegradation-MIC (BD-MIC): This
involves breakdown of organic
macromolecules by microorganisms to
obtain nutrients, occurring readily in the
presence of organic contaminants serving
as nutrients, oxidants, moisture, optimal
pH, and favorable temperature.

Biofilm Formation and Micro environmental
Alteration

Biofilms represent the central feature distinguishing
MIC from conventional corrosion. Sessile microbial
populations within biofilms not only generate
corrosive byproducts (organic acids, sulfides) but
also alter local electrochemical gradients through
electron harvest, oxygen depletion, metabolite
accumulation, and ion selectivity ]81-90\. The
nature and severity of MIC are closely linked to
microbial ~ species, abundance, and spatial
organization within the biofilm. The EPS matrix
serves multiple functions in MIC: encapsulating
both live and dead cells, creating diffusion barriers
that protect microorganisms from biocides
(conferring 100-1000 times greater resistance than
planktonic counterparts), and establishing local
microenvironments  with distinct pH, redox
potential, and ionic flux. These biofilm-induced
alterations  effectively  bypass  conventional
protective barriers through clandestine metabolic
pathways, making MIC an insidious threat.
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Environmental and Operational Factors:

MIC is influenced by multiple environmental and
operational factors that create conditions favorable
for microbial growth and corrosion. Temperature,
pH, humidity, and salinity significantly affect
corrosion rates. In oil and gas pipelines, dynamic
environmental chemistries, coating disbandment,
scale/deposit accumulation, and degradable carbon
sources from agricultural/industrial  activities
provide alternate nutrients boosting microbial
metabolism. Synergistic effects between hydrogen
permeation, cathodic overprotection, and stray AC
current exacerbate MIC in steel pipes [91-100].
These multi-factor couplings complicate prediction
and control, necessitating integrated management
approaches.

Research Gaps and Challenges

Despite substantial progress, several research gaps
persist in MIC science and engineering. The
dynamic and multifactorial nature of microbial-
material interactions, combined with diverse
microbial communities, presents challenges for
prediction and control. Corrosion in hidden places
and beneath materials remains difficult to detect,
requiring routine inspections and advanced
techniques [101-110]. Environmental factors such
as temperature and humidity greatly influence
corrosion rates, complicating standardization of
testing protocols. Development of field-relevant,
standardized testing methods and integration of
advanced microbial technologies with corrosion
engineering represent ongoing priorities.

Methodology

This comprehensive review was developed through
systematic analysis of peer-reviewed literature
indexed in major scientific databases including
Scopus, Web of Science, ScienceDirect, PubMed,
and Google Scholar. The search strategy employed

combinations of keywords including
"microbiologically influenced corrosion,"
"biocorrosion," "sulfate-reducing bacteria,"
"biofilms,"  "quorum  sensing,"”  "corrosion
monitoring," "corrosion mitigation,"

"nanomaterials,” "Al corrosion monitoring," and
related terms. Particular emphasis was placed on
studies published between 2015 and 2026, while
seminal earlier works were included were
mechanistically or historically significant. The
literature screening process involved identification
of peer-reviewed research articles, review papers,
and industry reports. Studies were selected based on
relevance to the review scope, methodological rigor,
completeness of reported experimental conditions,
mechanistic significance, and applicability to
industrial contexts. Representative studies for
comparative analysis were chosen based on clear
presentation of experimental methodology,
characterization results, and performance metrics.
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Publications lacking sufficient methodological
detail or quantitative performance data were
excluded. Priority was given to studies examining
fundamental mechanisms, emerging protection
technologies, and field-applicable monitoring
approaches. Quantitative data synthesis focused on
inhibitor efficiencies, coating performance metrics,
corrosion rate measurements, and monitoring
accuracy. Performance metrics including inhibition
efficiency (%), biofilm reduction, detection
accuracy, and prediction reliability (R? values) were
extracted and analyzed where available. For
nanotechnology and molecular biology applications,
specific attention was given to reported performance
metrics, mechanisms of action, and scalability
considerations. Electrochemical and mechanistic

analysis drew upon established principles including
electrochemical impedance spectroscopy,
potentiodynamic  polarization, and  biofilm
characterization methods. Molecular  biology
techniques including 16S rRNA sequencing,
metagenomics, and gene editing approaches were
evaluated for their contributions to MIC
understanding. Environmental and sustainability
considerations were examined through analysis of
regulatory requirements, green chemistry principles,
and lifecycle assessment approaches.

Results

Table 1. Primary Corrosive Microorganisms and Metabolic Characteristics

Oil/Gas,
Sulfate- Sulfate EET-MIC, Marine
Reducing Reduction Anaerobic H-S, FeS Cathodic (75% of
Bacteria (SRB) Depolarization well
corrosion)
Sulfur- Sulfur Pipelines,
Oxidizing Oxidation Aerobic H2SO4 Acid Production Cooling
Bacteria (SOB) Systems
. Fe’t, . . Marine,
Iron—OX|d_|zmg I_ron_ Aerobic/Microaerophilic ~ Organic lefere_nt|a| Water
Bacteria Oxidation X Aeration
Acids Systems
CO: . Hydrogen Oil/Gas,
Methanogens Reduction Anaerobic CHs, Ho Consumption Subsurface
Acid-Producing . . . Organic Local pH Multiple
Bacteria S EIEl BB ACTEIE Acids Reduction Industries
Organic Organic . . Lo
Fungi Matter Aerobic Acids, B'OdHe%rﬁsr?“;n’ Pé?g:';is’
Degradation Enzymes P g g

Data compiled from references.

Analysis of Table 1: The comparative analysis
reveals the diversity of microorganisms contributing
to MIC, each with distinct metabolic pathways and
corrosion mechanisms. SRB emerge as the most
significant corrosive microorganisms, accounting
for approximately 75% of production well corrosion
issues and 50% of pipeline system failures. Their
anaerobic sulfate reduction pathway produces
hydrogen sulfide, which accelerates cathodic
depolarization and promotes hydrogen
embrittlement through ferrous sulfide formation.
The prevalence of SRB across oil and gas, marine,
and water treatment environments reflects their
metabolic versatility and adaptability to diverse
conditions.
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Sulfur-oxidizing bacteria (SOB) and iron-oxidizing
bacteria represent additional significant groups,
generating acidic environments and concentration
cells that drive localized pitting and crevice
corrosion. Methanogens, while less studied,
contribute through hydrogen consumption and
methane production in subsurface environments.
Acid-producing bacteria and fungi, though often
overlooked, play important roles in MIC through
organic acid production and enzymatic degradation
of protective coatings. The presence of mixed
microbial consortia rather than isolated species
complicates prediction and control, as synergistic
interactions can amplify corrosion effects beyond
those of individual species.



J. Chem. Eng. Energy Mater., (2026), Volume 2, Issue 2, 131-145

Table 2. Detection and Monitoring Methods for MIC

Lhv Time-
Microbial Enrichment, el Medium (50- Esilisine Consumin
. e d Mature
Culture Isolation . 70%) g, Culture
Organism Protocols -
s Bias
16S rRNA, Species Cost
Mo_lecular PCR, . DNA/RN High (>95%) Identificati Expertise Commercial
Biology Metagenomi A on, -
L Required
cs Sensitivity
Corrosio Real- Interpretat
Electrochem EIS, LPR, n Rate, High (Real-time)  Time, non- ion Mature
ical ER Probes  Mechanis g _ Complexit
destructive
m y
Biofilm Visual Sample
Microscopic SEM, Structure, Very High Confirmati Pre afatio Research/Comm
P CLSM, AFM  Morphol (Microscale) on, paral ercial
. n, Ex-situ
ogy Resolution
Specific
Enzyme-  Metabolit .ﬁ?ﬁg Limited
Biosensing Based, es, High (Targeted) . Multiplexi Emerging
) Rapid,
DNA-Based  Organism o ng
s Specific
Image AIML Surface  _ge04 Detection  Automated =M .
; - Conditio Surfaces Emerging
Processing Algorithms - Accuracy , Scalable
n, Pitting Only
Total No
b £ ElluiinEee Microbial Medium-High R_apld, SpeCIes_ Commercial
Analysis ence o Simple Informatio
Activity n

Data compiled from references.

(SEM, CLSM, AFM) offer

invaluable visual

Analysis of Table 2: The comparative analysis
demonstrates significant evolution in MIC detection
capabilities, from traditional culture-based methods
to advanced molecular and biosensing technologies.
Traditional culture methods, while providing
established protocols, are limited by time
requirements (days to weeks) and culture bias where
only certain microorganisms grow under laboratory
conditions. Molecular biology techniques, including
16S rRNA gene sequencing and metagenomics,
offer high sensitivity (>95%) and accurate species
identification, though at higher cost and requiring
specialized expertise.

Electrochemical methods including EIS and LPR
provide real-time corrosion rate monitoring with
high accuracy, though interpretation requires
electrochemical expertise. Microscopic techniques
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confirmation of biofilm structure and corrosion
morphology at microscale resolution, but require
extensive sample preparation and are typically ex-
situ [111].

Emerging technologies show particular promise for
MIC monitoring. Image processing with Al/ML
algorithms achieves >98% detection accuracy for
cracks and corrosion, with predictive capabilities for
proactive maintenance. Biosensing technologies
enable real-time, rapid detection of specific
metabolites or organisms, though multiplexing
remains limited. ATP analysis provides rapid
quantification of total microbial activity but lacks
species-level information. The trend toward
integration of multiple complementary techniques is
increasingly  recognized as necessary  for
comprehensive MIC assessment.
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Table 3. MIC Mitigation Strategies and Performance

Biocides Cell

(Chemical) Death/Inhibition 090
Nanomaterials- ROS Generation,
Membrane 85-98
Based . :
Disruption
Surface Physical Barrier, 80-95
Coatings Anti-Adhesion
Cathodic Electrochemical
! o 70-85
Protection Polarization
Quorum _Sgnsmg Biofilm Prevention 70-90
Inhibition
Enzymatic Biofilm Disruption, 75-90
Remediation Biocide
Material .
Selection Alloy Resistance 85-99
Phage Therapy Targeted Bacterial 70-85

Lysis
Data compiled from references.

Analysis of Table 3: The comparative analysis
reveals a diverse array of MIC mitigation strategies,
each with distinct mechanisms, performance
characteristics, and limitations. Traditional biocides
remain the industrial standard, achieving 70-95%
efficiency through broad-spectrum antimicrobial
action. However, the EPS matrix grants biofilms
100-1000 times greater resistance than planktonic
microorganisms, necessitating elevated dosages that
create cross-resistance and severe ecotoxicological
risks. Surface coatings provide passive physical
barrier protection (80-95% efficiency), though
coating degradation, delamination, and pinhole
defects create MIC initiation sites.

Nanomaterials-based  strategies represent an
emerging paradigm shift from broad-spectrum
poisoning to precision interfacial engineering.
Inorganic nanoparticles (Ag, Cu, ZnQO) achieve 85-
98% efficiency through reactive oxygen species

Broad Resistance,
Spectrum, Toxicity, EPS Mature
Established Barrier
. Cost,
Targeted, multi- Environmental Emerging
modal
Fate
Passive .
Protection, DRI, Commercial
Defects
Durable
Established, Shielding, Mature
Reliable Overprotection
. Scalability,
Nogﬁ:%i'ﬁnz]t" Microbial Research
Adaptation
Sustainable, Specificity,

Biodegradable Stability Research
Long-Term High Cost, Not Commercial
Protection Universal

Spec_lflc, No Scalgblllty, Research
Resistance Delivery

generation, ion release, and membrane disruption,
bypassing traditional resistance pathways [112-
122]. The high specific surface area, tunable surface
chemistries, and size-dependent properties of
nanomaterials enable targeted biofilm disruption
and smart, stimuli-responsive release.

Quorum sensing inhibition (QSI) and enzymatic
remediation represent novel, sustainable approaches
still in research phases. QSI prevents microbial
communication and biofilm formation, making
microorganisms vulnerable to other treatments.
Enzymatic remediation offers biodegradability and
environmental compatibility, though specificity and
stability present challenges. Material selection using
MIC-resistant alloys provides long-term protection
(85-99% efficiency) at substantial cost. The trend
toward integrated, multi-layered  strategies
combining active and passive protection appears
essential for effective MIC management in complex
industrial environments.

Table 4. Advanced Technologies and Future Directions

Predictive S
Al/ML - R2 > 0.85, >98% Recognition, Validation, n
V- Corrosion - . High
Monitoring Accuracy Multi-Data Data Quality
Management .
Integration
Real-Time Remote . Integration Data Moderate-
10T Sensors L Continuous, Low-Cost . Management, -
Monitoring Early Warning High
Power
. . Mechanistic Gene/Protein/Pathway  Systems-Level Integ_ratlon, .
Multi-Omics . o : Field High
Understanding Identification Understanding S
Applicability
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. Strain Functional
Gene Editing Characterization
Smart Active/Responsive

Nanocoatings Protection

Comprehensive

Characterization

>95% Efficiency

Mechanism Model Moderate
Elucidation Development

Stimuli- -
Responsive, Sg?;%ki); il:ty, High
Self-Healing y

Physical Model =~ Complexity, Very

Digital Twins Corrosion Real-Time, Predictive + Monitoring Validation High
Management
. . Living Field
qucontrol Su§t_a ma}ble 70-85% Efficiency Functional Performance, Moderate
Microbes Mitigation L .
Biofilms Regulation
Sustainable Environmentally 0o - Biodegradable, Cost, Moderate-
Biocides Compatible 75-90% Efficiency Low Toxicity  Performance High

Data compiled from references.

Analysis of Table 4: The emerging technologies
landscape reveals transformative potential across
MIC research and management. AI/ML monitoring
frameworks achieve R2>0.85 prediction accuracy
and >98% detection accuracy for corrosion through
pattern recognition and multi-data integration.
Hybrid models combining swarm intelligence
optimization with convolutional neural networks
and bidirectional gated recurrent units capture
nonlinear feature interactions and temporal
dependencies, enabling predictive maintenance.
Multi-omics approaches (genomics,
transcriptomics, proteomics) provide systems-level
understanding of MIC mechanisms, identifying
corrosion-related genes, proteins, and metabolic
pathways. Integration of advanced molecular
biology with corrosion engineering enables
mechanistic elucidation and development of
targeted mitigation strategies. Smart nano coatings
incorporating  stimuli-responsive  nanomaterials
achieve >95% efficiency through autonomous repair
and triggered inhibitor release, though scalability
and stability present challenges.

Digital twin technologies combining physical
modeling with real-time monitoring and predictive
analytics  offer ~ comprehensive corrosion
management with very high expected impact.
Biocontrol microbes and sustainable biocides
represent emerging environmentally compatible
solutions, though field performance and regulatory
acceptance require further development. The
convergence of these technologies promises
transformative improvements in MIC management
across industrial sectors.

Discussion

Fundamental Understanding and Mechanistic
Complexity:

The electrochemical framework for understanding
MIC continues to evolve, with recent advances
revealing the extraordinary complexity of microbial-
material interactions. Three principal mechanisms
EET-MIC, M-MIC, and BD-MIC provide
complementary  explanations  for  corrosion
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acceleration, yet the dynamic interplay among these
mechanisms in natural environments remains
incompletely understood. Extracellular electron
transfer through DET and MET pathways highlights
the sophisticated metabolic capabilities of corrosive
microorganisms,  particularly  SRB,  which
effectively "harvest” electrons from metal surfaces
for sulfate respiration. This bioelectronic coupling
between microbial metabolism and electrochemical
corrosion represents a fundamental departure from
abiotic corrosion processes, explaining the
accelerated and localized nature of MIC attack.

The central role of biofilms in MIC cannot be
overstated. EPS matrices create diffusion barriers
that protect sessile populations, establish chemical
gradients driving galvanic microcells, and
concentrate corrosive metabolites at the metal
surface. The EPS barrier confers resistance 100-
1000 times greater than planktonic microorganisms,
complicating biocidal treatment. Recent advances in
characterization techniques in-situ SEM, HR-TEM,
and AFM provide unprecedented insights into
biofilm structure, composition, and dynamics.
However, translating these fundamental insights
into improved prediction and control remains
challenging due to the dynamic, multifactorial
nature of MIC in field conditions.

Microbial community composition and dynamics
significantly  influence MIC  severity and
mechanisms. The presence of multispecies
consortia, including synergistic interactions among
SRB, SOB, and acid-producing bacteria, creates
corrosion rates exceeding those of individual
species. Environmental factors temperature, pH,
humidity, salinity, and nutrient availability further
modulate community structure and activity. The
non-linear interactions among microbial species,
environmental parameters, and material properties
complicate prediction and necessitate integrated,
context-specific management approaches.

Performance and Limitations of Current
Mitigation Strategies:

The comparative analysis reveals that current MIC
mitigation strategies, while offering substantial
protection, face significant limitations requiring
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continued innovation. Biocides remain the industrial
standard, achieving 70-95% efficiency through
broad-spectrum antimicrobial action. However,
EPS-mediated resistance necessitates elevated
dosages, creating cross-resistance, environmental
toxicity, and operational costs. The emergence of
biocide-resistant microbial strains further threatens
long-term efficacy. Surface coatings provide passive
protection  but suffer from  degradation,
disbandment, and defect-induced failures. Cathodic
protection, while effective for abiotic corrosion, can
be compromised by electroactive microorganisms
that depolarize cathodic surfaces through EET
mechanisms.

Nanomaterials-based  strategies  represent a
significant paradigm shift, offering precision
targeting and multimodal antimicrobial action that
bypass traditional resistance pathways. Inorganic
nanoparticles (Ag, Cu, ZnQO) achieve 85-98%
efficiency through ROS generation and membrane
disruption, while nanocarriers enable stimuli-
responsive biocide delivery. However, challenges
persist in nanomaterial scalability, dispersion
uniformity, long-term stability, and environmental
fate. Smart nano coatings incorporating self-healing
and stimulus-responsive capabilities represent an
emerging frontier, though industrial deployment
requires substantial validation and optimization.

Emerging Technologies and Digital
Transformation:

The integration of Al, 10T, and multi-omics
technologies promises transformative
improvements in MIC management. Al-driven
monitoring frameworks achieve >98% detection
accuracy and prediction capabilities enabling
proactive maintenance. Hybrid machine learning
models capture nonlinear feature interactions and
temporal dependencies, supporting transition from
reactive repair to proactive intervention. 10T sensors
enable continuous, remote monitoring with early
warning capabilities, while cloud-based data
integration  supports comprehensive condition
awareness.

Multi-omics approaches provide systems-level
understanding of MIC mechanisms, identifying
corrosion-related genes, proteins, and metabolic
pathways. Gene editing technologies enable
functional characterization of microbial factors
driving corrosion. However, integration of
molecular-level insights with field-applicable
monitoring and control remains challenging.
Development of field-relevant, standardized testing
protocols and data curation standards is essential to
realize the full potential of data-driven MIC
management.
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Environmental Sustainability and Green
Solutions:

The environmental and regulatory drivers toward
sustainable MIC management are reshaping
research and industrial practice. Traditional biocides
face increasing restrictions due to toxicity,
persistence, and bioaccumulation  potential.
Enzymatic remediation, quorum sensing inhibition,
and biocontrol microbes represent emerging
sustainable alternatives with biodegradability and
environmental compatibility. Nanomaterials offer
potential for targeted, low-dose delivery reducing
environmental loading, though their fate and
ecotoxicological ~ effects  require  thorough
investigation. The economic imperative for effective
MIC management remains compelling.
Implementation of existing corrosion prevention
technologies could generate global savings of
approximately USD 875 billion, representing 35%
of total corrosion costs. Achieving these savings
requires integrated approaches combining materials
selection, design improvement, active protection,
and monitoring, tailored to specific applications and
environments.

Future Directions and Recommendations:

Future MIC research and practice should prioritize
several interconnected areas. First, standardized,
field-relevant testing protocols must be developed to
bridge laboratory-field performance gaps for
biocides, coatings, and emerging technologies.
Second, fundamental understanding of MIC under
realistic field conditions multispecies communities,
fluctuating environmental parameters,
hydrodynamic effects require advancement through
combined experimental and modeling approaches.
Third, integration of data-driven discovery (Al/ML)
with mechanistic understanding offers accelerated
development of targeted mitigation strategies.
Fourth, advancement of monitoring technologies
toward real-time, predictive systems, integrated with
Al and digital twins, enables proactive maintenance
and optimization. Fifth, development of circular-
economy-compatible mitigation strategies
emphasizing renewable feedstocks,
biodegradability, and recyclability should be
prioritized. Sixth, interdisciplinary collaboration
across  materials  science, electrochemistry,
microbiology, data science, and industrial
engineering is essential to address complex MIC
challenges.

Conclusion

This comprehensive review has systematically
examined microbiologically influenced corrosion as
one of the most complex and destructive forms of
material degradation, accounting for approximately
20% of global corrosion-related economic losses.
The electrochemical framework governing MIC
involves distinct mechanisms including



J. Chem. Eng. Energy Mater., (2026), VVolume 2, Issue 2, 131-145

extracellular  electron  transfer  (EET-MIC),
metabolite-mediated corrosion (M-MIC), and
biofilm-driven  microenvironmental  alterations.
Sulfate-reducing bacteria emerge as primary
culprits, responsible for approximately 75% of
production well corrosion issues and 50% of
pipeline system failures in the oil and gas sector.
Recent advances in molecular biology, including
multi-omics approaches and gene editing
technologies, have provided unprecedented insights
into corrosion-related genes, proteins, and metabolic
pathways. Detection methodologies have evolved
from traditional culture-based techniques to
sophisticated biosensors, electrochemical
monitoring, and Al-driven predictive frameworks
achieving >98% detection accuracy. Mitigation
strategies encompass biocides, nanomaterials,
coatings, quorum sensing inhibition, and emerging
enzymatic remediation approaches. Nanomaterials-
based strategies, achieving 85-98% efficiency
through precision targeting and multimodal
antimicrobial action, represent a paradigm shift from
broad-spectrum poisoning to interfacial
engineering.

Challenges persist in bridging laboratory-field
performance gaps, developing standardized testing
protocols, and advancing sustainable,
environmentally compatible solutions. Integration
of data-driven discovery with mechanistic
understanding,  advancement  of  real-time
monitoring technologies, and interdisciplinary
collaboration across materials science,
electrochemistry, microbiology, and data science are
essential for future progress. With continued
innovation and implementation of integrated, multi-
layered approaches, substantial reductions in MIC-
related costs and environmental impacts are
achievable across industrial sectors.

Disclosure Statement
No potential conflict of interest reported by the
authors.

Funding

This research did not receive any specific grant from
funding agencies in the public, commercial, or not-
for-profit sectors.

Authors’ Contributions

All authors contributed to data analysis, drafting,
and revising of the paper and agreed to be
responsible for all the aspects of this work.

References

[1] Fu, Y., Zhao, Y., Liu, M., Wang, J., & Yan, J.
(2022). Optimization of cold-end system of thermal

139

power plants based on entropy generation
minimization. Frontiers in Energy, 16(6), 956-972.
[2] Li, J., Li, Z., & Wang, J. (2019). Thermo-
economic performance evaluation of emerging
liquid-separated condensation method in single-
pressure and dual-pressure evaporation organic
Rankine cycle systems. Applied Energy, 256,
113974,

[3] Sunder Raj, K. S. (2004). Multi-pressure
surface condenser performance evaluation: A case
study. ASME 2004 Power Conference, 65-72.

[4] Fu, Y., Zhao, Y., Liu, M., Wang, J., & Yan, J.
(2022). Optimization of cold-end system of thermal
power plants based on entropy generation
minimization. Frontiers in Energy, 16(6), 956-972.
[5] Sunder Raj, K. S. (2004). Multi-Pressure
Surface Condenser Performance Evaluation: A Case
Study. ASME 2004 Power Conference, 65-72.

[6] Li, J., Liu, Q., & Duan, Y. (2017). Thermo-
economic analysis and optimization of a zeotropic
fluid organic Rankine cycle with liquid-vapor
separation during condensation. Energy Conversion
and Management, 148, 517-532.

[7] Pattanayak, L., Padhi, B. N., & Kodamasingh,
B. (2019). Thermal performance assessment of
steam surface condenser. Case Studies in Thermal
Engineering, 14, 100484.

[8] Shin, D., Jeon, J., Kim, T., Park, J. H., & Kim,
S. J. (2020). Development of the thermal
performance model using temperature gradient
analysis for optimized design of steam surface
condenser. International Journal of Heat and Mass
Transfer, 163, 120411.

[9] Eslampoor, Y and Abedini, N. (2026).
Comparison of Hemodynamic Responses to 50
Microgram  Fentanyl ~ Administration  Across
Different Age Groups During General Anesthesia.
Medicinal, Psychological, and Health Research
Journal (MPHRJ), 2(4), 295-305.

[10] Eslampoor, Y and Abedini, N. (2026).
Hemodynamic Effects and Complications of Bone
Cement Utilization in Orthopedic Operations.
Medicinal, Psychological, and Health Research
Journal (MPHRJ), 2(4), 317-328.

[11] Ranjbar, R., Dehkordi, F. S., & Heiat, M.
(2020). The frequency of resistance genes in
Salmonella enteritidis strains isolated from
cattle. Iranian Journal of Public Health, 49(5), 968.
[12] Abdolmaleki, Z., Mashak, Z., & Safarpoor,
D. F. (2019). Molecular and virulence
characteristics of methicillin-resistant


https://doi.org/10.1007/s11708-021-0785-5
https://doi.org/10.1007/s11708-021-0785-5
https://doi.org/10.1007/s11708-021-0785-5
https://doi.org/10.1016/j.apenergy.2019.113974
https://doi.org/10.1016/j.apenergy.2019.113974
https://doi.org/10.1016/j.apenergy.2019.113974
https://doi.org/10.1016/j.apenergy.2019.113974
https://doi.org/10.1016/j.apenergy.2019.113974
https://doi.org/10.1115/POWER2004-52089
https://doi.org/10.1115/POWER2004-52089
https://doi.org/10.1115/POWER2004-52089
https://doi.org/10.1007/s11708-021-0785-5
https://doi.org/10.1007/s11708-021-0785-5
https://doi.org/10.1007/s11708-021-0785-5
https://doi.org/10.1115/POWER2004-52089
https://doi.org/10.1115/POWER2004-52089
https://doi.org/10.1115/POWER2004-52089
https://doi.org/10.1016/j.enconman.2017.06.032
https://doi.org/10.1016/j.enconman.2017.06.032
https://doi.org/10.1016/j.enconman.2017.06.032
https://doi.org/10.1016/j.enconman.2017.06.032
https://doi.org/10.1016/j.csite.2019.100484
https://doi.org/10.1016/j.csite.2019.100484
https://doi.org/10.1016/j.ijheatmasstransfer.2020.120411
https://doi.org/10.1016/j.ijheatmasstransfer.2020.120411
https://doi.org/10.1016/j.ijheatmasstransfer.2020.120411
https://doi.org/10.1016/j.ijheatmasstransfer.2020.120411
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586277.1098
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586277.1098
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586277.1098
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586278.1099
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586278.1099
https://pubmed.ncbi.nlm.nih.gov/32953685/
https://pubmed.ncbi.nlm.nih.gov/32953685/
https://pubmed.ncbi.nlm.nih.gov/32953685/
https://doi.org/10.5812/jjm.98564
https://doi.org/10.5812/jjm.98564

J. Chem. Eng. Energy Mater., (2026), VVolume 2, Issue 2, 131-145

Staphylococcus aureus bacteria recovered from
hospital cockroaches. 2019;12(12):e98564.

[13] Dehkordi, F. S., Yahaghi, E., & Darian, E.
K. (2014). Prevalence of antibiotic resistance in
Escherichia coli isolated from poultry meat supply
in Isfahan. Iran J Med Microbiol: 8(2), 41-7.

[14] Rostami, F., Rahimi, E., Yahaghi, E.,
Khodaverdi Darian, E., & Bagheri Moghadam, M.
(2014). Isolation and evaluation virulence factors of
Salmonella typhimurium and Salmonella enteritidis
in milk and dairy products. Iranian Journal of
Medical Microbiology, 8(1), 54-61.

[15] Mashak, Z., Banisharif, F., Banisharif, G.,
Reza Pourian, M., Eskandari, S., Seif, A., ...., &
Alavi, I. (2021). Prevalence of listeria species and
serotyping of Listeria monocytogenes bacteria
isolated from seafood samples. Egyptian Journal of
Veterinary Sciences, 52(1), 1-9.

[16] Nayebpoor, F., Momeni, M., & Dehkordi,
F. S. (2013). Incidence of Ochratoxin A in raw and
salted dried fruits using High Performance Liquid
Chromatography. American-Eurasian Journal of
Toxicological Sciences. 2013; 5 (1): 01-06.

[17] Ranjbar, R., Mahmoodzadeh Hosseini, H.,
& Safarpoor Dehkordi, F. (2020). A review on
biochemical and immunological biomarkers used
for laboratory diagnosis of SARS-CoV-2 (COVID-
19). The Open Microbiology Journal, 14(1).

[18] Dehkordi, F. S., & Rafsanjani, M. S.
(2012). Prevalence study of Coxiella urnetiid in
aborted fetuses of small ruminants in various partum
and seasons in Iran. African Journal of
Microbiology Research, 6(27), 5594-5600.

[19] Safarpour dehkordi, F., Hosseini, S.,
Rahimi, E., Yahaghi, E., & Momeni, M. (2026).
Investigate the frequency of virulence genes Vibrio
parahaemolyticus isolated from fish, lobsters and
crabs caught from Persian Gulf. Iranian Journal of
Medical Microbiology, 8(2), 1-7.

[20] Safarpourdehkourdi, F., Momtaz, H.,
Esmailzade, S., Khayyat Khameneie, M., &
Yahaghi, E. (2026). Detection of virulence factors of
Uropathoigenic Escherichia coli isolates from
infertile  women high vaginal swabs. Iranian
Journal of Medical Microbiology, 7(4), 1-8.

[21] Momeni Shahraki, M., Shakerian, A.,
Rahimi, E., & Safarpoor DEHKORDI, F.. (2020).
Study the frequency of enterotoxin encoding genes
and antibiotic resistance pattern of methicillin-
resistant Staphylococcus aureus isolated from
vegetable and salad samples in Chaharmahal Va

140

Bakhtiari province. Journal of food microbiology,
7(2), 55-69.

[22] Dormanesh, B., Mirnejad, R., Khodaverdi
Dariyan, E., Momtaz, H., Yahaghi, E., Safarpour
Dehkordi, F., & Pilevarzadeh, M. (2026).
Characterization and study the antibiotic resistance
of Uropathogenic Escherichia coli isolated from
pediatrics with pyelonephritis and cystitis in
Iran. Iranian Journal of Medical
Microbiology, 7(2), 27-39.

[23] Mousavi, S., SAFARPOOR, D. F., &
Valizadeh, Y. (2017). Genotyping of Helicobacter
pylori strains isolated from raw milk and dairy
products. 4(3):41-53.

[24] Rashidiani, J., Eskandari, K., Ranjbar, R.,
Kooshki, H., Afshar, D., & SAFARPOOR, D. F.
(2021). Application of gold core-shell magnetic
nanoparticles immunosensor for detection of vibrio
cholera. 8(1):71-75.

[25] Madahi, H., Rostami, F., Rahimi, E.,
SAFARPOOR, D. F., & Jalali, M. (2013). Detection
of classical enterotoxins of Staphylococcus aureus
isolates from chicken nugget and ready to eat foods
in Esfahan province by ELISA technique. 3(3): 9.
[26] Shahreza, M., Dehkordi, F., Kurbanova, S.
K. S., & Sapayev, V. S. V. (2025). Occurrence of
Staphylococcus aureus, Campylobacter jejuni,
Listeria monocytogenes and Arcobacter butzleri in
poultry meat. International Journal of Health and
Medical Innovation (1IJHMI), 2(1), 10-17.

[27] Shahreza, M. S., Jafariaskari, S., Al-
Aouadi, R. F. A., & Dehkordi, F. S. (2024).
Molecular genotyping and antimicrobial resistance
characters of Helicobacter pylori isolates from raw
milk of naturally infected animal
species. International  Invention of Scientific
Journal, 8(4), 793-803.

[28] Jafariaskari S, Shahreza MS, Al-Aouadi
RFA, Dehkordi FS. (2020), Hydroxychloroquine
Therapeutic effects on COVID19: a systematic
review and meta-analysis. International Invention of
Scientific Journal 8 (4), 804-817

[29] Alijani, H. Q., Fathi, A., Amin, H. I. M.,
Lima Nobre, M. A., Akbarizadeh, M. R., Khatami,
M., ... & Shafiee, A. (2024). Biosynthesis of core—
shell o-Fe203@ Au nanotruffles and their
biomedical applications. Biomass Conversion and
Biorefinery, 14(14), 15785-15799.

[30] Rezaei-Tazangi, F., Mirhosseini, A. F.,
Fathi, A., Roghani-Shahraki, H., Arefnezhad, R., &
Vasei, F. (2024). Herbal and nano-based herbal
medicine: New insights into their therapeutic


https://doi.org/10.5812/jjm.98564
https://doi.org/10.5812/jjm.98564
https://ijmm.ir/article-1-187-en.html
https://ijmm.ir/article-1-187-en.html
https://ijmm.ir/article-1-187-en.html
https://ijmm.ir/article-1-235-en.pdf
https://ijmm.ir/article-1-235-en.pdf
https://ijmm.ir/article-1-235-en.pdf
https://doi.org/10.21608/ejvs.2020.17893.1105
https://doi.org/10.21608/ejvs.2020.17893.1105
https://doi.org/10.21608/ejvs.2020.17893.1105
https://doi.org/10.1016/j.fct.2009.05.008
https://doi.org/10.1016/j.fct.2009.05.008
https://doi.org/10.1016/j.fct.2009.05.008
https://doi.org/10.2174/1874434602014010290
https://doi.org/10.2174/1874434602014010290
https://doi.org/10.2174/1874434602014010290
https://doi.org/10.2174/1874434602014010290
https://doi.org/10.5897/AJMR11.1266
https://doi.org/10.5897/AJMR11.1266
https://doi.org/10.5897/AJMR11.1266
https://ijmm.ir/article-1-234-en.html
https://ijmm.ir/article-1-234-en.html
https://ijmm.ir/article-1-234-en.html
https://pubmed.ncbi.nlm.nih.gov/40115720/
https://pubmed.ncbi.nlm.nih.gov/40115720/
https://pubmed.ncbi.nlm.nih.gov/40115720/
https://sid.ir/paper/397682/en
https://sid.ir/paper/397682/en
https://sid.ir/paper/397682/en
https://sid.ir/paper/397682/en
https://sid.ir/paper/397682/en
http://ijmm.ir/article-1-171-en.html
http://ijmm.ir/article-1-171-en.html
http://ijmm.ir/article-1-171-en.html
http://ijmm.ir/article-1-171-en.html
https://doi.org/10.4081/mr.2017.7288
https://doi.org/10.4081/mr.2017.7288
https://doi.org/10.4081/mr.2017.7288
https://doi.org/10.30491/jabr.2020.230689.1222
https://doi.org/10.30491/jabr.2020.230689.1222
https://doi.org/10.30491/jabr.2020.230689.1222
https://origin-ir.magiran.com/p1295082
https://origin-ir.magiran.com/p1295082
https://origin-ir.magiran.com/p1295082
https://origin-ir.magiran.com/p1295082
https://doi.org/10.54489/ijhmi.v2i1.521
https://doi.org/10.54489/ijhmi.v2i1.521
https://doi.org/10.54489/ijhmi.v2i1.521
https://doi.org/10.54489/ijhmi.v2i1.521
https://iisj.in/index.php/iisj/article/view/507
https://iisj.in/index.php/iisj/article/view/507
https://iisj.in/index.php/iisj/article/view/507
https://iisj.in/index.php/iisj/article/view/507
https://iisj.in/index.php/iisj/article/view/508
https://iisj.in/index.php/iisj/article/view/508
https://iisj.in/index.php/iisj/article/view/508
https://doi.org/10.1007/s13399-022-03561-3?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1007/s13399-022-03561-3?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://doi.org/10.1007/s13399-022-03561-3?urlappend=%3Futm_source%3Dresearchgate.net%26utm_medium%3Darticle
https://pubmed.ncbi.nlm.nih.gov/38952769/
https://pubmed.ncbi.nlm.nih.gov/38952769/

J. Chem. Eng. Energy Mater., (2026), VVolume 2, Issue 2, 131-145

aspects against periodontitis. Avicenna Journal of
Phytomedicine, 14(4), 430.

[31] Mirzaei, K., Fathi, A., Asadinejad, S. M.,
& Moghadam, N. C. (2022). Study the antimicrobial
effects of Zataria multiflora-based mouthwash on
the microbial community of dental plaques isolated
from children: A candidate of novel plant-based
mouthwash. Acad J Health Sci, 37, 58-63.

[32] Mohammad, W. T., Alijani, H., Faris, P.,
Salarkia, E., Naderifar, M., Akbarizadeh, M. R, ...
& Khatami, M. (2023). Plant-mediated synthesis of
sphalerite (ZnS) quantum dots, Th1-Th2 genes
expression and their biomedical applications. South
African Journal of Botany, 155, 127-139.

[33] Mehrabanian, M., Ahari, U. Z., Fathi, A,,
& Parizi, M. M. (2021). Comparison of Dental
Health Status in Schizophrenic Patients with
Healthy Individuals: A Case Study in Iran. Clinical
Schizophrenia & Related Psychoses 15 (2).

[34] Zadeh, S. M. M., Elyaskhil, M., Fathi, A,,
& Asadinejad, S. M. (2021). Evaluate Risk Markers
For Periodontal Disease In Children With Type 1
Diabetes: A Systematic Review And Meta-
Analysis. Turkish Online Journal of Qualitative
Inquiry, 12(8).

[35] Barjoee, S. S., & Fathi, A. (2020), A
Systematic Review on the Applications of
Nanoparticles in Dentistry. International Journal of
Health Sciences, 6(S6), 4864-4876.

[36] Fathi, A., Rahnama, S., Alesaeidi, S.,
Mousavi, E., Bagherboum, N., Gholami, M., &
Fotovat, F. (2023). Comparing knowledge and
opinions of medical and dental students in the field
of pediatric anesthesia. Journal of Family Medicine
and Primary Care, 12(4), 632-636.

[37] Fathi, A., Natanzian, Y., Ghorbani, M., &
Mosharraf, R. (2024). Evaluation of the Bonding
Shear Strength between Enamel and Dentin
Feldspathic Porcelain and Two Different Monolithic
Zirconia with Low and High
Translucency. International Journal of
Dentistry, 2024(1), 5921637.

[38] Makiya, A., Moghaddam, M. A,
Faghihinia, F., Anzabi, R. M., Asadi, H., & Fathi, A.
(2024). Pro-inflammatory Cytokines may Associate
Periodontitis with Pregnancy Complications: A
Short Review. New Emirates Medical Journal, 5(1),
€02506882262319.

[39] Ghasemi, E., Fathi, A., Mohammadi, D., &
Salehi, S. (2025). Stress distribution analysis in bone
adjacent to implant in various abutment-implant
connection  designs using  finite  element

141

analysis. Journal of Oral Implantology, 51(2), 134-
141,

[40] Mosharraf, R., Fathi, A., Rismanchian, M.,
Ghasemi, E., & Givehchian, P. (2025). Customized
versus titanium healing abutments for preimplant
tissue healing in fresh socket implants: A systematic
review. Dental Research Journal, 22(1), 10-4103.
[41] Moazzam, M., Fathi, A., Ghorbani, M., &
Mosharraf, R. (2025). Comparison of Vertical
Marginal Discrepancy in High and Low Translucent
Monolithic Zirconia Crowns in Repeated Firing
Cycles. European Journal of Dentistry, 19(03),
843-850.

[42] Fathi, A., Borhani, S., Salehi, S.,
Mosharraf, R., & Atash, R. (2025). Effect of
Thermodynamic Cyclic Loading on Screw
Loosening of Tightened Versus New Abutment
Screw in Bone Level and Tissue Level Implants in
DIO Implant Company (In-Vitro Study). Clinical
and Experimental Dental Research, 11(4), e70162.
[43] Ebadian, B., Fathi, A., & Beiranvand, N.
(2022). Investigation of the effect of bonding factors
on strength of porcelain bond to soft metal alloys
after application of thermal cycle. Dental research
journal, 19(1), 91.

[44] Fathi, A., Nadian, F., Ghorbani, M.,
Razavi, P., Mosharraf, R., & Ebadian, B. (2024).
Enhancing oral function: a case report on
mandibular overdenture utilization with custom-
made subperiosteal implant. Journal of
Prosthodontics, 33(9), 835-840.

[45] Secundar, B., Fathi, A., Baghaei, K., &
Atash, R. (2024). Effect of ceramic thickness on the
polymerization quality and film thickness of dual-
polymerizing versus heated light-polymerizing
adhesive cement. The Journal of Prosthetic
Dentistry, 132(6), 1328-e1.

[46] Hatami, M., Jalali, E., Kamran, M. H. L.,
Kazemi, A. D., & Fathi, A. (2025). Evaluating the
Effect of High-Translucent Zirconia Thickness and
Substrate Shade on the Final Color of the
Restoration. Clinical and Experimental Dental
Research, 11(1), e70091.

[47] Fathpour, K., Astaraki, E., Zandian, A.,
Fathi, A., & Mirmohammadi, H. (2023). Shear bond
strength of composite resins to lithium disilicate
ceramics using universal bonding and different
methods of surface preparation. Dental research
journal, 20(1), 82.

[48] Atash, R., Fathi, A., Salehi, H., Abedian,
Y., Bottenberg, P., & Baghaei, K. (2024).
Evaluation of the effectiveness of four composite


https://pubmed.ncbi.nlm.nih.gov/38952769/
https://doi.org/10.3306/AJHS.2022.37.03.58
https://doi.org/10.3306/AJHS.2022.37.03.58
https://doi.org/10.3306/AJHS.2022.37.03.58
https://doi.org/10.3306/AJHS.2022.37.03.58
https://doi.org/10.3306/AJHS.2022.37.03.58
https://doi.org/10.1016/j.sajb.2023.01.041
https://doi.org/10.1016/j.sajb.2023.01.041
https://doi.org/10.1016/j.sajb.2023.01.041
https://doi.org/10.3371/CSRP.MMUA.102821
https://doi.org/10.3371/CSRP.MMUA.102821
https://doi.org/10.3371/CSRP.MMUA.102821
https://tojqi.net/index.php/journal/article/view/6934/4939
https://tojqi.net/index.php/journal/article/view/6934/4939
https://tojqi.net/index.php/journal/article/view/6934/4939
https://tojqi.net/index.php/journal/article/view/6934/4939
https://doi.org/10.53730/ijhs.v6nS6.11472
https://doi.org/10.53730/ijhs.v6nS6.11472
https://doi.org/10.53730/ijhs.v6nS6.11472
https://pubmed.ncbi.nlm.nih.gov/37312796/
https://pubmed.ncbi.nlm.nih.gov/37312796/
https://pubmed.ncbi.nlm.nih.gov/37312796/
https://doi.org/10.1155/2024/5921637
https://doi.org/10.1155/2024/5921637
https://doi.org/10.1155/2024/5921637
https://doi.org/10.1155/2024/5921637
https://doi.org/10.1155/2024/5921637
http://dx.doi.org/10.2174/0102506882262319231213115239
http://dx.doi.org/10.2174/0102506882262319231213115239
http://dx.doi.org/10.2174/0102506882262319231213115239
https://doi.org/10.1563/aaid-joi-d-24-00187
https://doi.org/10.1563/aaid-joi-d-24-00187
https://doi.org/10.1563/aaid-joi-d-24-00187
https://doi.org/10.1563/aaid-joi-d-24-00187
https://doi.org/10.4103/drj.drj_479_23
https://doi.org/10.4103/drj.drj_479_23
https://doi.org/10.4103/drj.drj_479_23
https://doi.org/10.4103/drj.drj_479_23
https://doi.org/10.1055/s-0044-1801303
https://doi.org/10.1055/s-0044-1801303
https://doi.org/10.1055/s-0044-1801303
https://doi.org/10.1055/s-0044-1801303
https://doi.org/10.1002/cre2.70162
https://doi.org/10.1002/cre2.70162
https://doi.org/10.1002/cre2.70162
https://doi.org/10.1002/cre2.70162
https://doi.org/10.1002/cre2.70162
https://pubmed.ncbi.nlm.nih.gov/36426276/
https://pubmed.ncbi.nlm.nih.gov/36426276/
https://pubmed.ncbi.nlm.nih.gov/36426276/
https://doi.org/10.1111/jopr.13860
https://doi.org/10.1111/jopr.13860
https://doi.org/10.1111/jopr.13860
https://doi.org/10.1016/j.prosdent.2024.09.004
https://doi.org/10.1016/j.prosdent.2024.09.004
https://doi.org/10.1016/j.prosdent.2024.09.004
https://doi.org/10.1016/j.prosdent.2024.09.004
https://doi.org/10.1002/cre2.70091
https://doi.org/10.1002/cre2.70091
https://doi.org/10.1002/cre2.70091
https://doi.org/10.1002/cre2.70091
https://pmc.ncbi.nlm.nih.gov/articles/PMC10478835/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10478835/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10478835/
https://pmc.ncbi.nlm.nih.gov/articles/PMC10478835/
https://doi.org/10.5005/jp-journals-10019-1443

J. Chem. Eng. Energy Mater., (2026), VVolume 2, Issue 2, 131-145

Polishing systems: an in vitro study. International
Journal of Prosthodontics and Restorative
Dentistry, 14(1), 16-22.

[49] Fathi, A., Mosharraf, R., Ghorbani, M., &
Saberipour, S. (2024). Effect of shape and design of
the internal connection of tissue-level and bone-
level implants on detorque values and removal
forces: An in vitro study. The Journal of Prosthetic
Dentistry, 131(6), 1135-e1.

[50] Shahreza MH, Rahimi E, Momtaz H.
(2017), Antibiotic resistance pattern of Shiga-
toxigenic Escherichia coli isolated from ready-to-eat
food stuffs. Bioscience Biotechnology Research
Communications; 10(2): 155-9.

[51] Shahreza MS, Jafariaskari S, Al-Aouadi
RF, Dehkordi FS. (2024), Molecular genotyping and
antimicrobial resistance characters of Helicobacter
pylori isolates from raw milk of naturally infected
animal species. International Invention of Scientific
Journal. 2024; 8(04): 793-803.

[52] Jafariaskari S, Sakhaei Shahreza M,
Abogader Al-Aouadi RF, Safarpoor Dehkordi F.
(2024), Hydroxychloroquine Therapeutic effects on
COVID19: a systematic review and meta- analysis.
International Invention of Scientific Journal. 2024;
8(04): 804-817.

[53] Sakhaei Shahreza M,
Zendehdelmoghadam H, Rafiee Jelodar N,
Safarpoor dehkordi F. (2024), Autoimmune disease,
its general features and treatment. Scholars’
press.:96.

[54] Badjadi, M. A., Zhu, H., Zhang, C., &
Safdar, M. (2023). A Bayesian network model for
risk management during hydraulic fracturing
process. Water, 15(23), 4159.

[55] Badjadi, M. A., Zhu, H., Zhang, C., &
Naseem, M. H. (2023). Enhancing water
management in shale gas extraction through
rectangular pulse hydraulic fracturing.
Sustainability, 15(14), 10795.

[56] Badjadi, M. A., Zhu, H., Zhao, P., Zhang,
F., Hou, D., Huang, L., & Micheal, M. (2025).
Hybrid CNN-LSTM Model for predicting
wettability alterations in shale reservoir based on
experimental techniques. Geoenergy Science and
Engineering, 214217.

[57] Mokhtari Torshizi, H., Salehnia, N., &
Ahmadi Shadmehri, M. T. (2026). Are the Different
Dimensions of Globalisation Necessary and
Sufficient for Human Development?(A Worldwide
Study). Journal of Human Development and
Capabilities, 1-31.

142

[58] Mokhtari Torshizi, H., Salehnia, N., &
Ahmadi Shadmehri, M. T. (2026). Are the Different
Dimensions of Globalisation Necessary and
Sufficient for Human Development? (A Worldwide
Study). Journal of Human Development and
Capabilities, 1-31.

[59] Zarini, M. K., & Amouzad Mahdiraji, E.
(2024). Examining the secure communication
network for the reliable use of micro-grids in the
power system. Journal of Engineering in Industrial
Research, 5(2), 101-115.

[60] Mahdiraji,E. A. and Zarini,M. K. (2025).
Integration of Smart Materials in Loss of Excitation
Protection Schemes for Synchronous Generators in
Renewable Energy Systems. Journal of Chemical
Engineering and Energy Materials, 1(2), 78-87.
[61] Mahdiraji, E. A., & Zarini, M. K. (2025).
Integration of smart materials in loss of excitation
protection schemes for synchronous generators in
renewable energy systems. Journal of Chemical
Engineering and Energy Materials, 1(2), 78-87.
[62] Khodadadi Zarini, M., & Amouzad
Mahdiraji, E. (2024). Review of energy
management in micro grid in power engineering.
Journal of Engineering in Industrial Research, 5(2),
90-99.

[63] Amouzad Mahdiraji, E., & Sedghi Amiri,
M. (2020). Locating, sizing, and optimal planning of
the distribution substations using vanadium flow
battery storage to improve the efficiency of the
power distribution network. International Journal of
Smart Electrical Engineering, 9(1), 13-21.

[64] Amouzad Mahdiraji, E., & Khodadadi
Zarini, M. (2025). Advanced material-based cooling
and insulation strategies for enhanced protection of
synchronous generators under fault conditions.
Journal of Chemical Engineering and Energy
Materials, 1(3), 119-125.

[65] Amouzad Mahdiraji, E., & Khodadadi
Zarini, M. (2024). Smart frequency control in multi-
carrier micro-grid with the presence of V2G electric
vehicles. Journal of Artificial Intelligence in
Electrical Engineering, 12(45), 53-69.

[66] Amouzad Mahdiraji, E., & Amiri, M. S.
(2021). Adaptive control of network frequency by
doubly-fed induction generators using a data-driven
method. Eurasian Journal of Science and
Technology, 1(2).

[67] Amouzad Mahdiraji, E. (2022). Multi-
Obijective Optimization of Distributed Generation
Despite Energy Storage Systems for Optimal


https://doi.org/10.5005/jp-journals-10019-1443
https://doi.org/10.1016/j.prosdent.2024.03.001
https://doi.org/10.1016/j.prosdent.2024.03.001
https://doi.org/10.1016/j.prosdent.2024.03.001
https://doi.org/10.1016/j.prosdent.2024.03.001
http://dx.doi.org/10.21786/bbrc/10.2/27
http://dx.doi.org/10.21786/bbrc/10.2/27
http://dx.doi.org/10.21786/bbrc/10.2/27
https://iisj.in/index.php/iisj/article/view/507
https://iisj.in/index.php/iisj/article/view/507
https://iisj.in/index.php/iisj/article/view/507
https://iisj.in/index.php/iisj/article/view/507
https://iisj.in/index.php/iisj/article/view/508
https://iisj.in/index.php/iisj/article/view/508
https://www.amazon.com/Autoimmune-Disease-its-General-Features/dp/3659837369
https://www.amazon.com/Autoimmune-Disease-its-General-Features/dp/3659837369
https://doi.org/10.3390/w15234159
https://doi.org/10.3390/w15234159
https://doi.org/10.3390/w15234159
https://doi.org/10.3390/su151410795
https://doi.org/10.3390/su151410795
https://doi.org/10.3390/su151410795
https://doi.org/10.1016/j.geoen.2025.214217
https://doi.org/10.1016/j.geoen.2025.214217
https://doi.org/10.1016/j.geoen.2025.214217
https://doi.org/10.1080/19452829.2026.2633120
https://doi.org/10.1080/19452829.2026.2633120
https://doi.org/10.1080/19452829.2026.2633120
https://doi.org/10.1080/19452829.2026.2633120
https://doi.org/10.1080/19452829.2026.2633120
https://doi.org/10.1080/19452829.2026.2633120
https://doi.org/10.1080/19452829.2026.2633120
https://doi.org/10.1080/19452829.2026.2633120
https://doi.org/10.22034/jeir.2024.5.2.6
https://doi.org/10.22034/jeir.2024.5.2.6
https://doi.org/10.22034/jeir.2024.5.2.6
https://doi.org/10.22034/jceem.2025.542847.1012
https://doi.org/10.22034/jceem.2025.542847.1012
https://doi.org/10.22034/jceem.2025.542847.1012
https://doi.org/10.22034/jceem.2025.542847.1012
https://doi.org/10.22034/jceem.2025.542847.1012
https://doi.org/10.22034/jceem.2025.542847.1012
https://doi.org/10.22034/jeir.2024.5.2.5
https://doi.org/10.22034/jeir.2024.5.2.5
https://sid.ir/paper/1001588/en
https://sid.ir/paper/1001588/en
https://sid.ir/paper/1001588/en
https://sid.ir/paper/1001588/en
https://doi.org/10.22034/jceem.2025.542846.1011
https://doi.org/10.22034/jceem.2025.542846.1011
https://doi.org/10.22034/jceem.2025.542846.1011
https://jaiee.iauahvaz.ac.ir/article_714986.html
https://jaiee.iauahvaz.ac.ir/article_714986.html
https://jaiee.iauahvaz.ac.ir/article_714986.html
https://www.ejst.org/index.php/ejst/article/view/46
https://www.ejst.org/index.php/ejst/article/view/46
https://www.ejst.org/index.php/ejst/article/view/46
https://doi.org/10.47933/ijeir.1028326
https://doi.org/10.47933/ijeir.1028326
https://doi.org/10.47933/ijeir.1028326

J. Chem. Eng. Energy Mater., (2026), VVolume 2, Issue 2, 131-145

Management. International Journal of Engineering
and Innovative Research, 4(1), 44-59.

[68] Amouzad Mahdiraji, E. (2022). Microgrid
control to ensure stability and increase flexibility in
storage applications. Journal of Engineering in
Industrial Research, 3(2), 69-76.

[69] Fakhari, S, Bilehjani, A and Bilehjani, E.
(2026). Effect of Intraoperative Intravenous
Dexmedetomidine on Oxidative Stress in Patients
Undergoing Cardiac Surgery: A Systematic Review.
Medicinal, Psychological, and Health Research
Journal (MPHRJ), 2(5), 351-359.

[70] Fakhari, S, Bilehjani, A and Bilehjani, E.
(2026). Intravenous  Dexmedetomidine  in
Cardiomyocyte Biology: A Systematic Review.
Medicinal, Psychological, and Health Research
Journal (MPHRJ), 2(5), 360-371.

[71] Hussam Elddin Nabeih Khasawneh, AA.,
et al., (2025), A Novel Thiazole-Sulfonamide
Hybrid Molecule as a promising Dual
Tubulin/Carbonic  Anhydrase X Inhibitor with
Anticancer Activity, Frontiers in Chemistry 13 (13),
13

[72] Karami, F. (2026). A Systematic Review
and Meta Analysis: Impact of Emergency
Department Nursing Interventions on Patient Safety
and Clinical Outcomes, Medicinal, Psychological,
and Health Research Journal (MPHRJ), 2(3), 199-
211.

[73] Karami, F. (2026). Effectiveness of Nurse
Led Triage Interventions on Patient Outcomes in
Emergency Departments: A Systematic Review and
Meta Analysis. Medicinal, Psychological, and
Health Research Journal (MPHRJ), 2(3), 226-235.
[74] Lotfi, A R and Nouri Bayat, L. (2026).
Incidence  of  Postoperative ~ Complications
Following Nasal Fracture Surgery in Adults.
Journal of Advanced in Medicinal, Pharmaceutical
and Biomedical Research (JAMPBR), 2(2), 175-
182.

[75] Mehrasa, P and Eghdam Zamiri, R. (2026).
Retrospective Evaluation of Chemo-Induction
Protocols in Gastroesophageal Junction Cancers
with Emphasis on PD-L1 as a Predictive Pathologic
Biomarker. Medicinal, Psychological, and Health
Research Journal (MPHRJ), 2(4), 276-284.

[76] Mehrasa, P Eghdam Zamiri, R. (2026).
Prognostic Value and Predictive Utility of CA15 3
and CRP as Pathophysiological Biomarkers in
Patients with  Breast Cancer  Undergoing
Chemotherapy. Medicinal, Psychological, and
Health Research Journal (MPHRJ), 2(5), 329-338.

143

[77] Moghadam, A M. (2025). Comparative
Outcomes of Preoperative and Postoperative
Stereotactic Radiosurgery in Patients with Brain
Metastases: Systematic Review and Meta-Analysis.
Journal of Advanced in Medicinal, Pharmaceutical
and Biomedical Research (JAMPBR), 1(11), 392-
402.

[78] Moghadam, A M. (2025). Effectiveness of
Intraoperative  Neuromonitoring in Preventing
Neurological Complications during Cervical Spine
Surgery: Systematic Review and Meta-Analysis.
Medicinal, Psychological, and Health Research
Journal (MPHRJ), 1(11), 378-386.

[79] Moghadam, A M. (2025). Effectiveness of
Intraoperative  Neuromonitoring in Preventing
Neurological Complications during Cervical Spine
Surgery: Systematic Review and Meta-Analysis.
Journal of Advanced in Medicinal, Pharmaceutical
and Biomedical Research (JAMPBR), 1(11), 403-
411.

[80] Moghadam, A M. (2025). Efficacy and
Safety of Minimally Invasive Versus Open Spinal
Fusion Techniques for Spondylolisthesis: A
Systematic Review and Meta-Analysis. Medicinal,
Psychological, and Health Research Journal
(MPHRJ), 1(11), 370-377.

[81] Moghadam, A M. (2026). Comparative
Outcomes of Preoperative and Postoperative
Stereotactic Radiosurgery in Patients Undergoing
Resection for Brain Metastases: Systematic Review
and Meta-Analysis. Medicinal, Psychological, and
Health Research Journal (MPHRJ), 2(2), 137-146.
[82] Moghadam, A M. (2026). Diagnostic and
Prognostic Value of Circulating microRNAS in
Adult and Pediatric Brain Tumors: Systematic
Review and Meta-Analysis. Medicinal,
Psychological, and Health Research Journal
(MPHRJ), 2(3), 156-167.

[83] Moghadam, A M. (2026). Diagnostic and
Prognostic Value of Circulating microRNAs in
Adult Brain Tumors: Systematic Review and Meta-
Analysis. Journal of Advanced in Medicinal,
Pharmaceutical and  Biomedical  Research
(JAMPBR), 2(1), 42-49.

[84] Moghadam, A M. (2026). Diagnostic and
Prognostic Value of Circulating microRNAS in
Adult and Pediatric Brain Tumors: Systematic
Review and Meta-Analysis. Medicinal,
Psychological, and Health Research Journal
(MPHRJ), 2(3), 156-167.

[85] Moghadam, A M. (2026). Fibrin-Based
Hydrogels for Nerve Protection and Regeneration


https://doi.org/10.47933/ijeir.1028326
https://doi.org/10.22034/jeir.2022.3.2.4
https://doi.org/10.22034/jeir.2022.3.2.4
https://doi.org/10.22034/jeir.2022.3.2.4
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586236.1092
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586236.1092
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586236.1092
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586239.1093
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586239.1093
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=W0tQINAAAAAJ&sortby=pubdate&citation_for_view=W0tQINAAAAAJ:RHpTSmoSYBkC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=W0tQINAAAAAJ&sortby=pubdate&citation_for_view=W0tQINAAAAAJ:RHpTSmoSYBkC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=W0tQINAAAAAJ&sortby=pubdate&citation_for_view=W0tQINAAAAAJ:RHpTSmoSYBkC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=W0tQINAAAAAJ&sortby=pubdate&citation_for_view=W0tQINAAAAAJ:RHpTSmoSYBkC
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585042.1089
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585042.1089
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585042.1089
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585042.1089
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585044.1090
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585044.1090
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585044.1090
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585044.1090
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.576440.1085
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.576440.1085
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586292.1101
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586292.1101
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586292.1101
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586292.1101
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586290.1100
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586290.1100
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586290.1100
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586290.1100
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.561643.1049
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.561643.1049
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.561643.1049
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.561643.1049
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2025.561656.1051
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2025.561656.1051
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2025.561656.1051
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2025.561656.1051
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.561648.1050
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.561648.1050
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.561648.1050
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.561648.1050
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2025.561662.105210.22034/mphrj.2025.561662.1052
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2025.561662.105210.22034/mphrj.2025.561662.1052
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2025.561662.105210.22034/mphrj.2025.561662.1052
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2025.561662.105210.22034/mphrj.2025.561662.1052
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576870.1080
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576870.1080
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576870.1080
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576870.1080
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576870.1080
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.562640.1051
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.562640.1051
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.562640.1051
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.562640.1051
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576338.1071
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576867.1079
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576867.1079

J. Chem. Eng. Energy Mater., (2026), VVolume 2, Issue 2, 131-145

after Spinal Cord Injury: Systematic Review and
Meta-Analysis. Medicinal, Psychological, and
Health Research Journal (MPHRJ), 2(2), 106-116.
[86] Moghadam, A M. (2026). Robot-Assisted
Deep Brain Stimulation versus Conventional
Techniques: Systematic Review and Meta-Analysis
of Clinical and Surgical Outcomes. Medicinal,
Psychological, and Health Research Journal
(MPHRJ), 2(2), 147-155.

[87] Mohammadzadeh Abachi, E and Montazer
Bavil Olyaee, M. (2026). Granulomatous Mastitis:
A Systematic Review of Diagnosis and
Management. Journal of Advanced in Medicinal,
Pharmaceutical and  Biomedical  Research
(JAMPBR), 2(2), 141-149.

[88] Mohammadzadeh Abachi, E and Montazer
Bavil Olyaee, M. (2026). Incidence of Re Expansion
Pulmonary Edema During Chest Tube Placement
Compared With Video Assisted Thoracoscopic
Surgery in Massive Pleural Effusion. Journal of
Advanced in Medicinal, Pharmaceutical and
Biomedical Research (JAMPBR), 2(2), 167-174.
[89] Mohammadzadeh Abachi, E and Montazer
Bavil Olyaee, M. (2026). Neutrophil to Lymphocyte
Ratio as a Diagnostic and Prognostic Biomarker for
Complication Prediction in Acute Appendicitis.
Journal of Advanced in Medicinal, Pharmaceutical
and Biomedical Research (JAMPBR), 2(2), 134-
140.

[90] Rahmani, A and Abadi, P M S. (2026).
Effectiveness of Skin Graft Fixation Techniques in
Plastic Surgery: A Systematic Review and Meta-
Analysis. Journal of Advanced in Medicinal,
Pharmaceutical and  Biomedical  Research
(JAMPBR), 2(4), 309-325.

[91] Rahmani, A and Abadi, P M S. (2026).
Efficacy of Negative Pressure Wound Therapy
Compared to Conventional Wound Closure in
Plastic and Reconstructive Surgery: A Systematic
Review and Meta-Analysis. Journal of Advanced in
Medicinal, Pharmaceutical and Biomedical
Research (JAMPBR), 2(4), 383-396.

[92] Rahmani, A and Abadi, P M S. (2026).
Preventive Negative Pressure Wound Therapy
versus Standard Postoperative Dressings in Plastic
and Reconstructive Surgery: A Systematic Review
and Meta-Analysis. Medicinal, Psychological, and
Health Research Journal (MPHRJ), 2(3), 212-225.
[93] Ranjkesh, M and Maroufi, P. (2026). The
Value of Serial Radiography in the Long Term
Follow Up of Patients After Total Knee
Arthroplasty: A Systematic Perspective. Journal of

144

Advanced in Medicinal, Pharmaceutical and
Biomedical Research (JAMPBR), 2(2), 150-156.
[94] Rebout, F. (2026). Artificial Intelligence in
Early Detection of Skin Cancer. Medicinal,
Psychological, and Health Research Journal
(MPHRJ), 2(3), 236-250.

[95] Rebout, F. (2026). The Impact of Oral
Hygiene Practices on the Prevention of Periodontal
Diseases. Journal of Advanced in Medicinal,
Pharmaceutical and  Biomedical  Research
(JAMPBR), 2(4), 332-345.

[96] Rebout, F. (2026). The Relationship
between Oral Health and Systemic Diseases: A
Comprehensive Review of Bidirectional Linkages
and Pathophysiological Mechanisms. Journal of
Advanced in Medicinal, Pharmaceutical and
Biomedical Research (JAMPBR), 2(4), 359-370.
[97] Rebout, F. (2026). The Role of Saliva in
Oral Health and Disease Diagnosis. Medicinal,
Psychological, and Health Research Journal
(MPHRJ), 2(3), 168-176.

[98] Rezaei, M and Abedini, N. (2026).
Prevalence of Acute Postoperative Pain and Its
Associated Risk Factors in Patients Undergoing
Laparoscopic Hysterectomy. Medicinal,
Psychological, and Health Research Journal
(MPHRJ), 2(4), 251-258.

[99] Rezaei, M and Dehghani, A. (2026).
Association Between Age and the Incidence of
Acute Postoperative Pain After Laparoscopic
Hysterectomy. Medicinal, Psychological, and
Health Research Journal (MPHRJ), 2(5), 383-390.
[100] [104] Rezaei, M and Dehghani, A.
(2026). The Effect of Dexmedetomidine on
Preventing Postoperative Delirium by Modulating
Tumor Necrosis Factor-Alpha (TNF-a) Levels in
Patients Undergoing Esophagectomy. Medicinal,
Psychological, and Health Research Journal
(MPHRJ), 2(5), 391-399.

[101] Rezaei, M and Owaysee Osquee, H.
(2026). Prevalence of Deep Vein Thrombosis in
Patients with COVID 19 Admitted to the Intensive
Care Unit. Medicinal, Psychological, and Health
Research Journal (MPHRJ), 2(4), 267-275.

[102] Sadeghzadeh, A. (2026). Adverse Events
Associated with Facial Filler Injections: : A
Systematic Review and Meta-analysis. Journal of
Advanced in Medicinal, Pharmaceutical and
Biomedical Research (JAMPBR), 2(2), 114-133.
[103] Sadeghzadeh, A. (2026). Effectiveness of
Different Injection Depths for Facial Fillers: A
Systematic Review and Meta-analysis. Journal of


file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576867.1079
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576867.1079
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576872.1081
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576872.1081
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576872.1081
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576872.1081
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.575681.1081
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.575681.1081
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.575681.1081
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.576400.1083
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.576400.1083
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.576400.1083
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.576400.1083
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.575684.1082
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.575684.1082
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.575684.1082
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582275.1100
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582275.1100
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582275.1100
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582276.1101
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582276.1101
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582276.1101
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582276.1101
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585037.1088
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585037.1088
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585037.1088
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585037.1088
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.575654.1080
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.575654.1080
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.575654.1080
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.575654.1080
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585087.1091
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585087.1091
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582110.1093
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582110.1093
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582110.1093
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582250.1095
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582250.1095
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582250.1095
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582250.1095
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585031.1084
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585031.1084
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576415.1075
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576415.1075
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576415.1075
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.587071.1102
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.587071.1102
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.587071.1102
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.587074.1103
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.587074.1103
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.587074.1103
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.587074.1103
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576396.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576396.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.576396.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572923.1076
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572923.1076
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572923.1076
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572919.1073
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572919.1073
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572919.1073

J. Chem. Eng. Energy Mater., (2026), VVolume 2, Issue 2, 131-145

Advanced in Medicinal, Pharmaceutical and
Biomedical Research (JAMPBR), 2(2), 157-166.
[104] Sadeghzadeh, A. (2026). Evaluating the
effectiveness and safety of hyaluronic acid versus
poly-L-lactic acid for facial volume restoration: A
Systematic Review and Meta-analysis. Journal of
Advanced in Medicinal, Pharmaceutical and
Biomedical Research (JAMPBR), 2(2), 102-113.
[105] Sadeghzadeh, A. (2026). Parametric
Design and Personalized Facial Reconstruction:
Lessons from Contemporary Architecture. Journal
of Advanced in Medicinal, Pharmaceutical and
Biomedical Research (JAMPBR), 2(4), 296-308.
[106] Samimi, A. Zarinabadi, S. (2011),
Reduction of greenhouse gases emission and effect
on environment, Aust. j. basic appl. sci., 5(12), 752-
756

[107] Samimi, A., Zarinabadi S., Shahbazi
Kootenaei AH., Azimi A., Mirzaei M., (2019), Use
of data mining in the corrosion classification of
pipelines in catalytic reforming units (CRU), Eura.
Chem. Commu., 1(6), 571-581

[108] Samimi, A., Zarinabadi, S. (2012),
Application solid polyurethane as coating in oil and
gas pipelines, Chisa, 20th International Congress of
Chemical and Process Engineering and 15th
Conference Pres, 2012

[109] Samimi,A. (2025). Investigating the Effect
of Temperature and Pressure Changes in CCR Unit
Reactors on Catalyst Wear and Black Dust Increase.
Iranian Journal of Chemistry and Chemical
Engineering, 44(12), 3039-3051.

[110]  Shiri, H and Ashrafi, N. (2026). Enhanced
Recovery After Thoracotomy in the Intensive Care
Unit: Current Evidence, Clinical Strategies, and
Future Perspectives. Medicinal, Psychological, and
Health Research Journal (MPHRJ), 2(5), 372-382.
[111] Shiri, H and Ashrafi, N. (2026). Post
Esophageal Surgery Dysphagia and Nutritional
Support in the Intensive Care Unit. Medicinal,
Psychological, and Health Research Journal
(MPHRJ), 2(5), 339-350.

[112] Sundaramurthy, S., Salam, J.J. Titinchi
Abdal-Kareem M.A. Dawagreh, Mohammad M.
Hailat, Al Khasawneh, H., (2019), STUDY OF THE
PRESENCE OF METAL ELEMENTS IN SEA
WATER IN THE STATE OF KUWAIT, Ecology,
Environment and Conservation, 25,

[113] Zbuzant, M. (2026). Advances in Digital
Dentistry Applications of CADCAM Technology.
Journal of Advanced in Medicinal, Pharmaceutical

145

and Biomedical Research (JAMPBR), 2(4), 346-
358.

[114] Zbuzant, M. (2026). Dental Implants vs.
Traditional Bridges: A Comparative Clinical
Review. Medicinal, Psychological, and Health
Research Journal (MPHRJ), 2(3), 189-198.

[115] Zbuzant, M. (2026). Early Detection of
Oral Cancer: Diagnostic Methods and Challenges.
Journal of Advanced in Medicinal, Pharmaceutical
and Biomedical Research (JAMPBR), 2(4), 371-
382.

[116] Zbuzant, M. (2026). Minimally Invasive
Techniques in Modern Restorative Dentistry.
Medicinal, Psychological, and Health Research
Journal (MPHRJ), 2(3), 177-188.

[117] Hashemloo, A., Milanifard, M. (2025).
Dermal  Fillers:  Types, Indications, and
Complications Materials de Relleno: Typos,
Indications Complications. Journal of Advanced in
Medicinal, Pharmaceutical and Biomedical
Research, 1(6), 161-170

[118] Hashemloo, A., Milanifard, M. (2025),
Contouring Plus: A Comprehensive Approach of the
Lower Third of the Face with Calcium
Hydroxylapatite and Hyaluronic Acid, Medicinal,
Psychological, and Health Research Journal, 1(5),
143-150

[119] Sunder Raj, K. S. (2004). Multi-Pressure
Surface Condenser Performance Evaluation: A Case
Study. Proceedings of the ASME Power Conference.
[120] Jabari, M., Ekinci, S., lzci, D., Bajaj, M.,
Blazek, V., & Prokop, L. (2025). Efficient pressure
regulation in nonlinear shell-and-tube steam
condensers via a novel TDn(1+PIDn) controller and
DCSA algorithm. Scientific Reports, 15, 2090.
[121]  Hrebeniuk, V., et al. (2023). The problem
of the surface condenser overall heat transfer
coefficient determining at high temperatures of
cooling water. Results in Engineering, 18, 101193.
[122] Ganéan, J., Verda, V., & Tiseira, A. (2005).
Influence of the cooling circulation water on the
efficiency of a thermonuclear power plant. Applied
Thermal Engineering, 25.


file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572918.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572918.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572918.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.572918.1072
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.576786.1088
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.576786.1088
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.576786.1088
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=NojREosAAAAJ&cstart=200&pagesize=100&citation_for_view=NojREosAAAAJ:r5OUXZcYtFsC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=NojREosAAAAJ&cstart=200&pagesize=100&citation_for_view=NojREosAAAAJ:r5OUXZcYtFsC
https://www.scopus.com/authid/detail.uri?authorId=56213160100
https://jmpcr.samipubco.com/article_175354.html
https://jmpcr.samipubco.com/article_175354.html
https://jmpcr.samipubco.com/article_175354.html
http://www.chisa.cz/2012/
http://www.chisa.cz/2012/
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.30492/ijcce.2025.2067307.7221
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.30492/ijcce.2025.2067307.7221
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.30492/ijcce.2025.2067307.7221
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586242.1095
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586242.1095
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586242.1095
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586242.1095
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586240.1094
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586240.1094
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.586240.1094
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=W0tQINAAAAAJ&sortby=pubdate&citation_for_view=W0tQINAAAAAJ:Se3iqnhoufwC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=W0tQINAAAAAJ&sortby=pubdate&citation_for_view=W0tQINAAAAAJ:Se3iqnhoufwC
https://scholar.google.com/citations?view_op=view_citation&hl=en&user=W0tQINAAAAAJ&sortby=pubdate&citation_for_view=W0tQINAAAAAJ:Se3iqnhoufwC
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582112.1094
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582112.1094
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585033.1086
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585033.1086
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585033.1086
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582252.1096
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2026.582252.1096
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585032.1085
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/mphrj.2026.585032.1085
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.531121.1020
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.531121.1020
file:///D:/Articles/0---EJCMPR/2026/NO.3%20%20%20(169-000)/1330-%20Frank%20Rebout/10.22034/jampbr.2025.531121.1020
https://www.mphrj.com/article_223387.html
https://www.mphrj.com/article_223387.html
https://www.mphrj.com/article_223387.html
https://doi.org/10.1115/POWER2004-52089
https://doi.org/10.1115/POWER2004-52089
https://doi.org/10.1115/POWER2004-52089
https://doi.org/10.1038/s41598-025-86107-7
https://doi.org/10.1038/s41598-025-86107-7
https://doi.org/10.1038/s41598-025-86107-7
https://doi.org/10.1038/s41598-025-86107-7
https://doi.org/10.1016/j.rineng.2023.101193
https://doi.org/10.1016/j.rineng.2023.101193
https://doi.org/10.1016/j.rineng.2023.101193
https://doi.org/10.1016/j.rineng.2023.101193
https://doi.org/10.1016/j.applthermaleng.2004.07.001
https://doi.org/10.1016/j.applthermaleng.2004.07.001

