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Abstract

The quality and effectiveness of pharmaceutical tablets depend heavily on several factors influencing
shear stress on tablet hardness and disintegration. These factors include formulation composition,
wherein the selection and concentration of excipients and active ingredients affect how the tablet
material responds to shear stress. Additionally, the compression force, speed, and duration during
tablet compression are critical, impacting tablet hardness and disintegration properties. Tablet
geometry and design, along with tablet press conditions, also contribute to variations in shear stress.
Environmental factors and the use of lubricants further influence shear stress and tablet characteristics.
It is essential to comprehend and regulate these factors to optimize tablet manufacturing processes and
ensure the uniformity and durability of pharmaceutical tablets. In tablet manufacturing, optimizing
performance requires systematic process monitoring and optimization. The tablet formulation is
optimized through steps like APl and excipient selection, preformulation studies, formulation
development, and optimization studies. Shearing stress monitoring is done to utilize in-line sensors such
as load cells or torque sensors for real-time monitoring throughout manufacturing. Tablet hardness
monitoring is conducted to evaluate tablet hardness during production using hardness testers, and
adjust parameters as needed for consistency. Disintegration testing involves conducting tests to assess
disintegration performance, and correlate results with shearing stress levels for optimization. Process
optimization is done to implement statistical process control and root cause analysis to identify and
address issues, optimizing parameters accordingly. Continuous improvement is done to foster a culture
of ongoing optimization, promoting collaboration and updating standard operating procedures based
on insights gained from monitoring. Systematic monitoring and optimization are key to producing high-
quality tablets consistently. Shearing stress significantly influences tablet manufacturing, affecting both
disintegration and hardness. It compromises tablet structure, leading to delayed disintegration or
surface defects. Shearing stress also consolidates particles, resulting in harder tablets, but excessive
stress can lead to over-compression. To optimize manufacturing, control shearing stress by adjusting
compression force, optimizing formulation and lubrication, modifying tooling design, and continuously
monitoring parameters such as clearance and press speed. Effective management of shearing stress
ensures high-quality tablets with reliable performance.
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that complements the APl and provide necessary functionalities such as binding, disintegration,
lubrication, and coating based on safety, compatibility, cost, and regulatory requirements;
preformulation studies to conduct pre-formulation studies to understand the physicochemical properties
of the API and excipients, such as solubility, particle size, polymorphism, and compatibility in selecting
the optimal formulation and manufacturing process; formulation development to develop a prototype
tablet formulation by systematically varying the composition of API and excipients to evaluate the
formulations for characteristics such as tablet hardness, disintegration time, dissolution profile, and
stability; optimization studies to use statistical tools and experimental design techniques to optimize the
formulation parameters, such as excipient ratios, compression force, and coating thickness in achieving
the desired tablet characteristics while minimizing variability; compatibility studies to perform
compatibility studies to assess the interaction between API and excipients during formulation and
storage by using techniques such as Fourier-transform infrared spectroscopy (FTIR), differential
scanning calorimetry (DSC), and accelerated stability testing to identify potential incompatibilities;
manufacturability assessment to evaluate the manufacturability of the optimized formulation by
conducting pilot-scale trials. Assess parameters such as flowability, compressibility, and uniformity of
dosage units to ensure consistent tablet production, scale-up and process validation to scale up the
manufacturing process to commercial scale while maintaining product quality and consistency for
validating the manufacturing process to ensure it meets regulatory requirements and produces tablets
that meet predefined specifications; quality control testing to implement quality control testing
procedures to monitor the quality of raw materials, intermediates, and finished products, to perform
tests such as assay, content uniformity, dissolution, and impurity analysis to verify product quality and
compliance with regulatory standards; continuous improvement to continuously monitor and optimize
the formulation and manufacturing process to address any issues that arise during production to
implement feedback mechanisms and quality improvement initiatives to enhance product quality and
efficiency over time [1] (Tables 1 and 2).

Table 1. Ingredients of the tablet formulation.

S.N. | Name of the ingredients Role
1 Active Pharmaceutical The primary drug or therapeutic agent was intended to exert a pharmacological
Ingredient (API) effect in the body.
2 Excipients Inactive ingredients were added to the formulation to facilitate the manufacturing
process, improve drug stability and bioavailability, and enhance tablet performance.
3 Binders To impart cohesive properties to the tablet formulation, binding the active

ingredient and other excipients together. Common binders were included such as
starches, cellulose derivatives (for example, hydroxypropyl cellulose,
methylcellulose), and polyvinylpyrrolidone (PVP).

4 Fillers/Diluents To increase the bulk of the tablet and ensure each tablet contains the appropriate
amount of active ingredients. Common fillers included were lactose,
microcrystalline cellulose, mannitol, and dibasic calcium phosphate.

5 Disintegrants To promote rapid breakup or disintegration of the tablet into smaller particles upon
ingestion, facilitating drug dissolution and absorption in the gastrointestinal tract.
Examples were croscarmellose sodium, crospovidone, and sodium starch glycolate.

6 Lubricants To reduce friction between the tablet formulation and the surfaces of the tablet press
during compression, preventing sticking and picking issues. Common lubricants
included were magnesium stearate, stearic acid, and talc.

7 Glidants To improve the flow properties of the powder mixture, ensuring uniform
distribution and preventing capping or lamination during compression. Examples
were colloidal silicon dioxide and talc.

8 Colorants To impart color to the tablet for aesthetic purposes or aid in tablet identification.
Common colorants included were iron oxides, titanium dioxide, and food, drug &
cosmetics (FD&C) dyes.

9 Flavoring agents To enhance the taste of the tablet, especially in chewable or orally disintegrating
formulations. These agents can include artificial or natural flavors, sweeteners, and
masking agents.

10 |Coatings Thin layers applied to tablets to improve stability, modify drug release kinetics,
mask taste or odor, or enhance appearance. Coating materials may include polymers
such as hydroxypropyl methylcellulose (HPMC), ethyl cellulose, or shellac [2].
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Table 2. Optimization of pharmaceutical ingredients into formulation to manufacture tablet.

S.N.

Name of the method

Steps of the method to optimize

1

Selection of APls

Therapeutic Need Identification: To identify the medical condition or disease that the
drug will target by conducting thorough market research to understand unmet medical
needs and potential patient populations.

Target Identification: To determine the biological target or mechanism of action
involved in the disease process, such as enzymes, receptors, or genetic pathways.
Literature Review: To conduct a comprehensive literature review to identify existing
drugs or therapeutic agents that have shown efficacy in treating similar conditions.
Evaluate the safety profile, pharmacokinetics, and clinical efficacy data of these
compounds.

Chemical Screening: To utilize computational tools, high-throughput screening
assays, and SAR studies to screen a library of chemical compounds for potential drug
candidates. Consider factors such as potency, selectivity, and drug-likeness criteria.
Natural Products Exploration: To explore natural sources such as plants, marine
organisms, or microorganisms for bioactive compounds with therapeutic potential.
Traditional medicine systems and ethnobotanical knowledge can provide valuable
leads for novel drug discovery.

Synthetic Chemistry: To design and synthesize NCEs based on known
pharmacophores or structural motifs. Use medicinal chemistry principles to optimize
the physicochemical properties, pharmacokinetics, and metabolic stability of the
compounds.

Safety Assessment: To evaluate the safety profile of potential APIs through in vitro
and in vivo studies, including cytotoxicity assays, genotoxicity testing, and animal
toxicology studies. Assess the potential for adverse effects, drug—drug interactions,
and off-target effects.

Regulatory Compliance: Consider factors like intellectual property rights,
patentability, and exclusivity periods to ensure that selected APIs comply with
regulatory requirements and guidelines set by health authorities such as the FDA,
EMA, or WHO.

Clinical Development: To progress the selected APIs through preclinical development
stages, including pharmacokinetic studies, efficacy testing in animal models, and
formulation optimization. Conduct clinical trials to evaluate safety, efficacy, and
dosing regimens in human subjects.

Commercial Viability Assessment: To assess the commercial potential of the selected
APIs, considering factors such as market size, competitive landscape, pricing strategy,
and reimbursement mechanisms. Develop a comprehensive business plan for the
commercialization of the drug product.

Excipient selection

Binder: To choose binders that offer cohesive properties to the tablet formulation,
aiding in binding the active ingredient and other excipients together. Common binders
included starches, cellulose derivatives (such as hydroxypropyl cellulose and
methylcellulose), and PVP.

Filler/Diluent: To opt for fillers or diluents to increase the bulk of the tablet and ensure
each tablet contains the appropriate amount of active ingredient. Common options
included lactose, microcrystalline cellulose, mannitol, and dibasic calcium phosphate.
Disintegrant: To select disintegrants that facilitate rapid breakup or disintegration of
the tablet into smaller particles upon ingestion, aiding in drug dissolution and
absorption. Examples include croscarmellose sodium, crospovidone, and sodium
starch glycolate.

Lubricant: To choose lubricants to minimize friction between the tablet formulation
and the surfaces of the tablet press during compression, thereby preventing sticking
and picking issues. Common lubricants included magnesium stearate, stearic acid, and
talc.

Glidant: To opt for glidants to enhance the flow properties of the powder mixture,
ensuring uniform distribution and preventing capping or lamination during
compression. Examples included colloidal silicon dioxide and talc.

Colorant: To select colorants to add color to the tablet for aesthetic purposes or to aid
in tablet identification. To ensure that the chosen colorants are inert and safe for
consumption, such as iron oxides, titanium dioxide, and FD&C dyes.

Flavoring Agent: To consider flavoring agents to improve the taste of the tablet,
particularly in chewable or orally disintegrating formulations. To choose from
artificial or natural flavors, sweeteners, and masking agents.
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S.N.| Name of the method Steps of the method to optimize

o Coating Material: If necessary, opt for coating materials to apply a thin film layer on
the tablet for stability, modified drug release kinetics, taste or odor masking, or
enhanced appearance. Common coating materials included HPMC, ethyl cellulose,

and shellac.
3 Preformulation e Characterization of Drug Substance: This entails a thorough analysis to comprehend
studies the chemical structure, purity, polymorphic forms, and particle size distribution of the

drug substance.

o Solubility Studies: These studies ascertain the solubility of the drug substance in
various solvents, aiding in selecting suitable solvents for formulation and
understanding potential bioavailability issues.

o Stability Studies: Evaluation of the stability of the drug substance under diverse
environmental conditions (for example, temperature, humidity, light) assists in
identifying potential degradation pathways and selecting appropriate storage
conditions.

o Compatibility Studies: Investigation into the compatibility of the drug substance with
excipients, packaging materials, and manufacturing processes is imperative to avert
interactions that might compromise the quality or efficacy of the final product.

e Particle Size and Morphology Analysis: Analysis of particle size, shape, and surface
properties helps in optimizing formulation strategies, such as particle size reduction
techniques, and enhancing dissolution rates.

e Hygroscopicity Studies: Determining the hygroscopic nature of the drug substance
aids in understanding its moisture absorption characteristics, crucial for formulation
and stability considerations.

o Bulk Density and Flow Properties: Assessment of bulk density and flow properties
assists in designing appropriate formulation processes and determining packaging
requirements.

o Excipient Selection: Evaluation of various excipients for their compatibility with the
drug substance and their role in enhancing stability, solubility, and bioavailability is
crucial.

o Formulation Development: Formulation scientists can develop prototypes of the drug
product based on the information gleaned from preformulation studies, employing
different excipient combinations and formulation techniques.

o Risk Assessment: Identifying potential risks associated with the drug substance or
formulation process early in the development stage allows for the implementation of
mitigation strategies.

5 Formulation o Selection of Dosage Form: The first step in formulation development is to select the

development appropriate dosage form for the drug product based on factors such as the route of
administration, patient compliance, and therapeutic requirements. Common dosage
forms include tablets, capsules, oral liquids, injections, creams, and ointments.

o Excipient Selection: Excipients are inactive ingredients added to the formulation to
enhance stability, bioavailability, and patient acceptability. Excipient selection
involves identifying suitable excipients based on their compatibility with the API and
their functionality in the formulation.

e Optimization of Formulation Composition: Formulation scientists optimize the
composition of the drug product by adjusting the concentration of the API and
excipients to achieve the desired drug release profile, bioavailability, and stability.
Various formulation strategies, such as matrix systems, co-crystallization, and
complexation, may be employed to improve drug delivery.

e Process Development: Once the formulation composition is optimized, the next step
is to develop the manufacturing process. Process development involves selecting
appropriate manufacturing equipment, establishing processing parameters, and
conducting process validation studies to ensure reproducibility and consistency of the
drug product.

o Stability Studies: Stability studies are conducted to assess the physical, chemical, and
microbiological stability of the drug product under various storage conditions over
time. These studies help determine the shelf-life of the product and ensure that it
remains safe and effective throughout its intended storage period.

e Bioavailability Enhancement: In some cases, formulation development may involve
strategies to enhance the bioavailability of poorly soluble drugs. This can be achieved
through techniques such as particle size reduction, solid dispersion, lipid-based
formulations, and nanotechnology.
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S.N.

Name of the method

Steps of the method to optimize

Analytical Method Development: Analytical methods are developed to accurately
quantify the APl and monitor the quality attributes of the drug product during
formulation development and manufacturing. These methods must be sensitive,
specific, precise, and robust to ensure reliable measurement of critical parameters.
Regulatory Considerations: Throughout the formulation development process,
regulatory requirements must be considered to ensure compliance with applicable
guidelines and regulations. This includes documenting all formulation-related data
and conducting studies necessary for regulatory submissions.

Optimization studies

Optimization studies are a crucial aspect of research and development across various
fields, to achieve specific goals such as maximizing product yield, enhancing product
quality, or minimizing production costs.

Process Optimization: This involves refining manufacturing processes to improve
efficiency, reduce production time, and minimize resource consumption. Optimization
may include adjustments to equipment settings, operating parameters, and workflow
organization. Techniques such as DOE and SPC are commonly used to systematically
identify and optimize critical process parameters.

Formulation Optimization: Optimization of drug formulations aims to enhance drug
delivery, stability, bioavailability, and patient acceptability. Formulation optimization
may involve adjusting the composition of excipients, modifying drug-release profiles,
or exploring novel delivery systems such as nanoparticles or liposomes. Techniques
such as factorial design and RSM are employed to systematically explore formulation
variables and identify optimal conditions.

Analytical Method Optimization: Analytical methods used for drug characterization,
quality control, and stability testing must be optimized to ensure accurate and reliable
results. Optimization may involve fine-tuning parameters such as sample preparation
techniques, chromatographic conditions, and detection methods to improve
sensitivity, selectivity, and precision.

QbD Studies: QbD is a systematic approach to pharmaceutical development that
emphasizes understanding the impact of formulation and process variables on product
quality and performance. Optimization studies within a QbD framework involve
identifying CQAs and CPPs, establishing acceptable ranges for these parameters, and
designing experiments to optimize product quality while minimizing variability.
Cost Optimization: Pharmaceutical companies often seek to optimize production costs
while maintaining product quality and compliance with regulatory requirements.
Optimization studies in this context may involve evaluating alternative raw materials,
optimizing production schedules, or streamlining manufacturing processes to reduce
waste and improve resource utilization.

Scale-up and Technology Transfer Optimization: Scaling up production from
laboratory-scale to commercial-scale manufacturing requires careful optimization to
ensure consistent product quality and performance. Optimization studies during scale-
up and technology transfer involve identifying potential challenges, optimizing
process parameters for larger-scale operations, and validating performance at each
scale to ensure product equivalence.

Environmental and Sustainability Optimization: With increasing emphasis on
sustainability and environmental responsibility, optimization studies in
pharmaceuticals may also focus on reducing energy consumption, minimizing waste
generation, and selecting greener alternatives for raw materials and solvents.

Compatibility studies

Compatibility studies in pharmaceuticals are conducted to assess the compatibility
between different components of a drug formulation, such as the API, excipients,
packaging materials, and manufacturing processes.

API-Excipient Compatibility: One of the primary focuses of compatibility studies is
to evaluate the interaction between the APl and excipients used in the formulation.
This involves assessing whether the excipients affect the stability, bioavailability, or
efficacy of the APl and vice versa. Compatibility is typically evaluated under various
conditions such as temperature, humidity, and light exposure.

Excipient—Excipient Compatibility: Compatibility studies also examine interactions
between different excipients in the formulation. Certain excipients may react with
each other or alter each other's properties, potentially affecting the overall stability
and performance of the formulation. Evaluating excipient—excipient compatibility
helps in selecting excipient combinations that are compatible and synergistic.
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e API-Packaging Material Compatibility: Compatibility with packaging materials is
critical to prevent interactions that could compromise the quality or stability of the
drug product. Packaging materials may leach substances into the formulation or react
with the API or excipients, leading to degradation or contamination. Compatibility
studies assess the impact of packaging materials on the formulation and vice versa.

e Process Compatibility: Compatibility studies also examine the compatibility of the
formulation with various manufacturing processes, such as blending, granulation,
compression, and coating. Certain processing conditions or equipment may affect the
stability or integrity of the formulation, leading to degradation or changes in drug
release characteristics. Evaluating process compatibility helps in optimizing
manufacturing processes to minimize formulation-related issues.

e Analytical Method Compatibility: Compatibility studies include assessing the
compatibility of analytical methods used for formulation characterization and quality
control. Analytical methods should be capable of accurately quantifying the APl and
monitoring critical quality attributes of the formulation without interference from
excipients or other components.

o Stability Testing: Compatibility studies are often integrated into stability testing
protocols to evaluate the long-term stability of the formulation under accelerated and
real-time storage conditions. Changes in physical appearance, chemical composition,
and potency are monitored over time to assess formulation stability and shelf-life.

¢ Regulatory Considerations: Compatibility studies are conducted in accordance with
regulatory guidelines and requirements to ensure compliance with safety and efficacy
standards. Detailed documentation of compatibility study protocols, results, and
conclusions is essential for regulatory submissions and product approval.

8 Manufacturability Assessing the manufacturability of pharmaceutical products is a pivotal step in their

assessment development journey, ensuring that they can be efficiently and consistently produced
at scale while adhering to quality, safety, and regulatory standards. This evaluation is
typically initiated early in the drug development process and continues throughout the
product life cycle. Here is a concise breakdown of the key components involved in a
manufacturability assessment:

o Process Compatibility: The initial phase involves scrutinizing the compatibility of the
drug formulation with diverse manufacturing processes. This includes selecting
appropriate equipment, determining optimal process parameters, and ensuring smooth
processing by evaluating factors such as powder flow properties, compressibility, and
blend uniformity.

e Scale-Up Considerations: Transitioning from laboratory-scale development to
commercial-scale production necessitates evaluating potential challenges associated
with scale-up. Factors such as batch size, equipment scalability, and process
robustness are examined to maintain consistent product quality and performance at
larger scales.

e Raw Material Sourcing and Supply Chain Management: A dependable and
sustainable supply chain hinges on assessing the availability and quality of raw
materials necessary for manufacturing. This entails considering factors such as the
accessibility of key starting materials, supplier reliability, and compliance of raw
material sources with regulatory standards.

e Manufacturing Process Optimization: The quest for efficiency, cost-effectiveness,
and quality in pharmaceutical production entails continuous optimization of
manufacturing processes. Identifying opportunities for process enhancement,
reducing cycle times, minimizing waste generation, and bolstering process robustness
through methodologies such as Lean manufacturing and Six Sigma are essential.

e Quality Control and Assurance: Establishing robust quality control and assurance
measures is indispensable for ensuring consistent product quality. This encompasses
developing and validating analytical methods, implementing in-process controls, and
devising release testing procedures to monitor critical quality attributes and ensure
compliance with specifications throughout the manufacturing process.

e Regulatory Compliance: Adhering to regulatory requirements and guidelines is
paramount in the manufacturability assessment. This entails ensuring that
manufacturing processes, facilities, and documentation meet the rigorous standards
outlined in current cGMP regulations enforced by regulatory agencies such as the
FDA, EMA, and others.
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Risk Management: Identifying and mitigating potential risks associated with
manufacturing processes is vital for safeguarding product safety and quality. A
comprehensive risk analysis is conducted to pinpoint process-related risks and
implement appropriate mitigation strategies to minimize their impact.

Technology Transfer: In cases where manufacturing processes are outsourced or
transferred to different facilities, ensuring seamless technology transfer is critical.
This involves transferring knowledge, processes, and documentation while
guaranteeing consistency and reproducibility of product quality across different
manufacturing sites.

Scale up and process
validation

Scale-up and process validation are pivotal stages in the development of pharmaceutical
products, particularly as formulations progress from laboratory-scale experimentation to
full-scale commercial production.

Scale-Up: This phase involves advancing a formulation from small-scale laboratory

development to larger-scale commercial manufacturing. The objective is to ensure the

formulation's capability to meet market demands while upholding consistent quality.

Key considerations during scale-up encompass:

Assessing equipment scalability: Ensuring that commercial manufacturing equipment

can manage larger batch sizes while preserving product integrity.

Fine-tuning process parameters: Optimizing various factors to accommodate

increased volumes while maintaining desired product characteristics.

Evaluating resource requirements: Assessing the necessary resources such as raw

materials, workforce, and facilities essential for seamless commercial-scale

production.

Identifying and mitigating risks: Conducting a comprehensive risk assessment to

recognize potential challenges associated with scale-up and implementing strategies

to mitigate risks to product quality and safety.

Process Validation: Process validation is the systematic confirmation that a

manufacturing process consistently yields products meeting predetermined quality

attributes and specifications. It is mandated by regulatory agencies to ensure the
reliability and uniformity of pharmaceutical products. Process validation typically
unfolds in three stages:

o Stage 1: Process Design: During this phase, the manufacturing process is
meticulously designed based on insights gleaned from development studies. CPPs
and CQAs are identified and established.

o Stage 2: Process Qualification: This stage involves rigorous evaluation of the
manufacturing process to verify its capability to consistently produce products
meeting predefined specifications. It encompasses 1Q, OQ, and PQ.

o Stage 3: Continued Process Verification: Following validation, continuous
monitoring and verification of the process are conducted to ensure its sustained
control. This entails regular review of process data, trend analysis, and
identification of any deviations or trends indicating process drift.

10

Quality control testing

Quality control testing is an indispensable process within the pharmaceutical industry,
essential for ensuring the safety, effectiveness, and uniformity of pharmaceutical
products.

Raw Material Testing: Raw materials, including APIs and excipients, undergo
thorough examination to confirm their identity, purity, potency, and overall quality.
Analytical techniques such as chromatography, spectroscopy, and microscopy are
commonly utilized for this purpose.

In-Process Testing: Throughout the manufacturing process, CQAs are closely
monitored to maintain product consistency and promptly detect any deviations.
Parameters such as blend uniformity, content uniformity, and dissolution rate are
scrutinized during in-process testing.

Finished Product Testing: The final drug product undergoes comprehensive testing to
ensure compliance with predetermined specifications and regulatory standards. Tests
encompass identity verification, strength assessment, purity determination, content
uniformity analysis, dissolution profiling, and microbiological examination.
Additionally, stability testing is conducted to evaluate the product's shelf-life under
various storage conditions.

Microbiological Testing: Microbiological assessments are performed to ascertain the
absence of microbial contamination, especially in products intended for parenteral
administration or topical use. Tests include total viable count determination, detection
of specific pathogens, and sterility testing using validated methods.
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o Analytical Method Validation: Validation of analytical methods is imperative to
ensure the accuracy, specificity, precision, and reliability of testing procedures.
Method validation involves a series of experiments to confirm the suitability of
analytical methods for their intended applications.

e Environmental Monitoring: Continuous monitoring of manufacturing environments is
essential to control factors that could influence product quality and safety. This
includes assessing air quality, surface cleanliness, and personnel hygiene to prevent
contamination during production processes.

e Quality Assurance Oversight: Quality control testing is conducted under the
supervision of the QA department, which ensures adherence to approved protocols,
regulatory standards, and GMP. QA oversees testing procedures, reviews results, and
approves documentation for product release.

o Data Management and Documentation: Thorough documentation of quality control
testing procedures, results, and investigations is essential for regulatory compliance
and product traceability. Electronic data management systems are commonly
employed to maintain and track testing records throughout the product life cycle.

11

Continuous
improvement

Continuous improvement is deeply ingrained in the ethos of the pharmaceutical industry,
signifying an ongoing commitment to refining processes, products, and systems to attain
superior levels of efficiency, quality, and performance.

e Cultural Emphasis: More than just a methodology, continuous improvement
embodies a cultural ethos within pharmaceutical organizations. Companies cultivate
a culture of innovation, collaboration, and accountability, where employees at all
levels are empowered to identify areas for improvement and actively contribute to
problem-solving endeavors.

e Lean Manufacturing: Pharmaceutical manufacturing embraces lean principles, drawn
from the Toyota Production System, to eradicate waste, streamline operations, and
optimize resource utilization. Techniques such as value stream mapping, 5S (Sort, Set
in order, Shine, Standardize, Sustain), and Kaizen events are employed systematically
to pinpoint and execute improvements.

¢ Six Sigma: Six Sigma methodologies concentrate on minimizing process variability
and defects to ensure consistent quality and performance. Pharmaceutical firms utilize
Six Sigma tools such as DMAIC and SPC to scrutinize data, pinpoint root causes of
issues, and implement solutions to bolster process efficiency and product quality.

e QbD: QbD principles advocate for the proactive incorporation of quality into products
and processes, surpassing reliance on post-production testing. Pharmaceutical entities
leverage QbD strategies to methodically identify CQAs, delineate design spaces, and
refine processes to guarantee robust and reproducible product quality.

e Technology Adoption: Continuous improvement in pharmaceutical manufacturing is
propelled by the adoption of cutting-edge technologies and automation solutions. This
includes deploying PAT, real-time monitoring systems, and data analytics to facilitate
real-time process optimization and informed decision-making.

o Cross-Functional Collaboration: Effective continuous improvement endeavors in
pharmaceutical manufacturing necessitate collaboration across diverse functional
domains, spanning research and development, manufacturing, quality assurance, and
regulatory affairs. Cross-functional teams collaborate to identify improvement
opportunities, enact solutions, and oversee outcomes to drive sustainable
enhancements.

o Supplier Collaboration: Pharmaceutical enterprises collaborate with suppliers and
external partners to instigate continuous improvement across the supply chain.
Initiatives such as supplier quality management programmes, supplier audits, and joint
problem-solving endeavors ensure the quality and dependability of raw materials and
components used in pharmaceutical manufacturing.

e Regulatory Compliance: Continuous improvement initiatives in pharmaceutical
manufacturing are aligned with regulatory frameworks such as cGMP and ICH
guidelines. These initiatives aim to bolster compliance, mitigate risk, and uphold
stringent standards of product quality and safety [3].

API: active pharmaceutical ingredients; SAR: structure-activity relationship; NCEs: new chemical entities; FDA: US Food &
Drug Administration; EMA: European Medicines Agency; WHO: World Health Organization; PVP: polyvinylpyrrolidone;
FD&C: Food, Drug and Cosmetics; HPMC: hydroxypropyl methylcellulose; DOE: design of experiments; SPC: statistical
process control; RSM: response surface methodology; QbD: quality by design; CQA: critical quality attributes; CPPs: critical
process parameters; cGMP: current good manufacturing practice; 1Q: installation qualification, OQ: operational
qualification; PQ: performance qualification; QA: quality assurance; DMAIC: Define, Measure, Analyze, Improve, Control;
PAT: process analytical technology.
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Shearing Stress and Different Factors

Solid formulations, particularly in industries such as pharmaceuticals and cosmetics, often encounter
various mechanical stresses during processing. One such stress is shearing stress, which refers to the
force per unit area acting parallel to the plane of an object, causing different layers of the material to
slide past each other. In the context of solid formulations, shearing stress can occur during mixing,
blending, compaction, or other processing steps. For instance, in tablet manufacturing, solid ingredients
are typically mixed together and then compressed into tablets. During mixing, the shearing action of
the blending equipment induces particles to slide past each other, ensuring a uniform distribution of
components. Similarly, during compression, the powder blend experiences shearing forces as it flows
into the die cavity and undergoes compaction. Effective management of shearing stress is crucial in
solid formulation development to maintain product uniformity, consistency, and performance. This
necessitates meticulous selection of processing parameters, equipment design, and formulation
characteristics to minimize the risk of issues such as segregation, particle breakage, or inadequate tablet
hardness. Advanced techniques such as finite element analysis (FEA) or computational fluid dynamics
(CFD) can be utilized to anticipate and optimize the effects of shearing stress on solid formulations
during processing [4] (Table 3).

Table 3. Several factors influencing shearing stress during the manufacturing of tablets.
S.N. Name of the factors Description

1 Powder characteristics | The properties of the powder, such as particle size distribution, shape, surface area,
density, and flowability, significantly influence shearing stress. Fine particles tend to
interlock more, increasing shearing stress, while smoother particles may reduce it.
Powder flowability also impacts flow and packing behavior during tablet
compression.

2 Binder properties Binders are essential in tablet formulation for providing cohesive strength to the
powder blend. The choice of binder and its concentration can affect compatibility and
shear strength. The viscosity and adhesive properties of the binder solution also
influence shearing stress during granulation.

3 Granulation process Various granulation techniques, including wet granulation, dry granulation, or direct
parameters compression, introduce different levels of shearing stress to the powder blend. Factors
such as granulator speed, impeller design, mixing time, and moisture content
influence particle bonding and compactibility.

4 Compression force The compression force applied during tablet compression determines compatibility
and tensile strength. Higher compression forces increase shearing stress, leading to
densification of powder particles and improved tablet hardness.

5 Die and Punch design | Tablet press tooling design, including shape, surface finish, and clearance between
punch and die, affects shearing stress distribution during compression. Proper tooling
design ensures uniform tablet weight, thickness, and hardness.

6 Tablet geometry Tablet shape and dimensions influence shearing stress distribution during
compression. Irregular shapes or designs with sharp edges may experience higher
stress concentrations, resulting in issues like capping or lamination.

7 Lubrication Lubricants are added to formulations to reduce friction between the powder blend and
tablet press tooling. Proper lubrication decreases shearing stress during ejection and
improves tablet release from the die cavity [4].

MATERIALS

In tablet manufacturing, the choice of materials is pivotal for minimizing shearing stress, ensuring
tablet hardness, and facilitating disintegration. Here are some commonly employed materials in tablet
production:

APIs: These are the primary active constituents in tablets, responsible for their therapeutic effects.
APIs must possess mechanical properties that allow them to endure compression forces during
manufacturing without deteriorating.

Excipients: These are inert substances added to tablets to aid manufacturing, improve properties, or
enhance drug delivery. Excipients encompass various categories:
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Binders: Binders hold tablet ingredients together and enhance hardness. Examples include cellulose
derivatives such as hydroxypropyl cellulose and PVP.

Disintegrants: These promote rapid tablet disintegration upon exposure to gastrointestinal fluids.
Common disintegrants include croscarmellose sodium and sodium starch glycolate.

Lubricants: Lubricants minimize friction between tablet ingredients and the press, averting sticking
and capping. Examples are magnesium stearate and stearic acid.

Fillers/Diluents: These provide bulk to ensure uniform tablet size and weight. Common fillers
include lactose, microcrystalline cellulose, and dicalcium phosphate.

Coating Materials: Tablet coatings serve to safeguard the core, mask taste or odor, and manage drug
release. Coating materials must possess suitable mechanical properties to withstand handling during
coating without fracturing. Common coatings include cellulose derivatives (for example,
hydroxypropyl methylcellulose), polyethylene glycol (PEG), and shellac.

Tooling Materials: These materials are employed for manufacturing tablet punches and dies. They
should exhibit high strength, wear resistance, and surface finish to endure repeated compression cycles
without deformity or damage. Common tooling materials encompass tool steel, carbide, and ceramic
coatings.

While selecting materials for tablet manufacturing, it is crucial to assess their compatibility,
suitability for the intended process, and impact on tablet properties such as hardness and disintegration.
Thorough testing and evaluation are imperative to ensure that chosen materials comply with regulatory
standards and quality requisites in pharmaceutical manufacturing [10].

METHOD
Preparation of Materials

In tablet manufacturing, proper material preparation is crucial to minimize shearing stress, ensure
tablet hardness, and facilitate disintegration (Tables 4-8). Here is an overview of the typical processes
involved:

APl and Excipient Preparation: APIs undergo processes such as crystallization, milling, or blending
to achieve the desired particle size and uniformity. Excipients are prepared based on their functions,
such as dissolving binders in solvents or milling disintegrants to specific particle sizes.

Blending: Individual components are blended together in a mixer to achieve a homogeneous mixture.
This step ensures uniform distribution of APIs and excipients, critical for consistent tablet quality.

Granulation: The blended powder mixture is moistened with a liquid binder and agglomerated into
granules. Granulation improves flowability, compressibility, and uniformity, reducing segregation risks
during tablet compression.

Drying: Wet granules are dried to remove excess moisture and ensure stability. Drying methods
include tray drying, fluid bed drying, or vacuum drying, chosen based on granule characteristics and
facility capabilities.

Milling and Sieving: Dried granules may be milled to achieve the desired particle size distribution.
Sieving removes oversized or undersized particles, ensuring uniformity and consistency in the final
tablet blend.

Tablet Compression: The prepared blend of APIs and excipients is compressed into tablets using a
tablet press. During compression, the blend experiences shearing forces between the punch and die,
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impacting tablet hardness. Proper lubrication and compression force control are crucial to minimize

shearing stress and maintain consistent tablet hardness.

Coating (Optional): Tablets may undergo coating to improve appearance, taste masking, or
controlled release. Coating materials, prepared according to specific formulations, are applied using

equipment such as pan coaters or fluid bed coaters.

Following these material preparation steps enable the manufacturers to minimize shearing stress,
optimize tablet hardness, and ensure proper disintegration characteristics. This results in high-quality

tablets with reliable performance [11].

Table 4. Shearing stress influencing the uniformity of tablets.

S.N.

Name of the parameters

Description

1

Blend homogeneity

During the blending of powder ingredients, shearing stress is instrumental.
Uneven distribution of shearing stress can lead to inadequate mixing, resulting in
the segregation of components within the blend. This segregation can cause
variations in drug content from tablet to tablet, compromising overall uniformity.

Granule formation

In processes such as wet granulation, shearing stress is applied to the powder
blend to create granules. However, excessive or insufficient shearing stress can
impact the size distribution and shape of the granules. Non-uniform granules can
lead to inconsistencies in drug content within the final tablet product, affecting
uniformity.

Tablet compression

Shearing stress is exerted on the powder blend during tablet compression as it
flows into the die cavity and undergoes compaction. Uneven distribution of
shearing stress can result in variations in tablet weight, thickness, and hardness.
Inconsistent compression may Yyield tablets with different drug release profiles or
mechanical properties, impacting uniformity.

Uniformity of dosage
units

Shearing stress gradients within the tablet matrix can affect the distribution of
APIs. Variations in shearing stress levels across the tablet surface can lead to
uneven drug distribution, affecting the uniformity of dosage units.

Tablet surface quality

Excessive shearing stress during compression can cause surface defects such as
capping, lamination, or sticking. These defects not only affect the tablet's
appearance but also its mechanical integrity and dissolution properties,
compromising uniformity [5].

APIs: active pharmaceutical ingredients.

Table 5. Shearing stress and designing of die.

S.N. | Name of the parameters Description

1 Tablet shape and size Begin by defining the desired shape and dimensions of the tablets. Various shapes,
such as round, oval, oblong, or capsule-shaped, are common ensuring that the die
geometry accommaodates the specified dimensions and shape requirements.

2 Die Cavity design To design the die cavity to precisely match the shape and size of the tablets, it is

essential for the die cavity to have smooth surfaces to facilitate the flow of materials
and ensure uniform tablet compression. CAD software is utilized to create accurate
cavity profiles based on the tablet specifications.

The clearance angle in a die refers to the angle between the cutting edge of the die
and the workpiece surface being cut or formed. Adequate clearance is essential for
smooth material flow, reduced friction, and prevention of binding or deformation of
the workpiece and the die.

The optimal clearance angle varies based on factors such as the material being
processed, the type of die operation (for example, shearing, bending, drawing), and
the specific die design. Here are some general guidelines for clearance angles in die
design:

Shearing Operations:

For shearing or cutting dies (for example, blanking or piercing), a clearance angle
typically ranges from 1° to 3°. This angle allows for easy removal of cut material and
helps prevent burrs or distortion of the workpiece edges.
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S.N. | Name of the parameters Description

Bending Operations:

Bending or forming dies require larger clearance angles to accommodate the bending
process smoothly. Clearance angles in bending dies can vary widely based on factors
such as material thickness, bend radius, and die geometry. Typically, they range from
5° to 15° or more.

Drawing Operations:

Drawing or deep-drawing dies, where material is progressively formed into a desired
shape, necessitate critical clearance angles to facilitate material flow and prevent
wrinkling or tearing. Clearance angles for drawing dies generally range from 5° to
10° or more, depending on the complexity of the drawing process and the material
being formed.

3 Punch and Die profiles To define the profiles of both the upper and lower punches and dies. To ensure that
the punch profiles align perfectly with the die cavity to guarantee precise tablet
formation. To pay close attention to details such as punch tip radius, curvature, and
clearance angles to minimize shear stress and wear.

4 Clearance and Fit To provide appropriate clearance between the punches and dies to prevent binding
and ensure smooth ejection of tablets. To optimize the clearance and fit according to
the material properties of the tablet and the compression ratio. To maintain uniform
clearance across the die surface to uphold tablet consistency.

5 Bevels and Chamfers To incorporate bevels or chamfers at the edges of the die cavity to aid in tablet
ejection and minimize wear. Bevels help to prevent edge chipping and to improve the
flow of compressed material during ejection.

6 Surface finish To ensure a smooth surface finish on both the die cavity and punch profiles to
minimize friction and prevent tablet sticking. Techniques such as polishing or coating
the die surfaces are considered to enhance wear resistance and extend die life.

7 Ejection mechanism To integrate an ejection mechanism into the die design to facilitate the removal of
compressed tablets from the die cavity. This mechanism may involve features such
as ejector pins, springs, or pneumatic ejection systems to ensure smooth tablet
ejection without causing damage.

8 Alignment and To guarantee proper alignment and registration between the upper and lower punches
registration and dies to maintain tablet uniformity and to prevent misalignment issues. To use
alignment pins or guides to achieve precise alignment during tablet compression.

9 Cooling channels To incorporate cooling channels into the die design to regulate temperature and
prevent overheating during production. Effective cooling helps maintain the
dimensional stability of the die components and prolong die life.

10 |Modular design To consider adopting a modular design approach with interchangeable components
for the die. This design facilitates easy maintenance and replacement, allowing for
quick adjustments and customization for various tablet sizes and shapes [6].

Table 6. Shear stress and designing of punch.
S.N. | Name of the parameters Description

1 Understanding shearing stress | Shearing stress is a critical factor in punch design for tablet punching machines,
impacting both tablet quality and punch durability.

Shearing stress arises when forces are applied parallel to a material's surface,
leading to deformation or fracture. In tablet punching, shearing stress occurs at
the interface between the punch and tablet material during cutting.

2 Minimizing shearing stress To prolong punch life and maintain tablet quality, minimize shearing stress by
optimizing punch design factors such as tip geometry, clearance, and surface
finish.

3 Punch tip geometry The punch tip's geometry significantly affects shearing stress. A sharp tip with
appropriate clearance angles reduces contact area, minimizing shearing stress
during cutting.

4 Clearance and Fit Adequate clearance between punch and die reduces friction and shearing stress
during compression. To optimize clearance based on tablet material properties
and desired quality.

5 Surface finish A smooth punch surface reduces friction and shearing stress. To consider
polishing or coating to enhance wear resistance.
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To choose a punch material with high strength and wear resistance, such as tool
steel or carbide, to withstand shearing forces without deformation.

To implement cooling and lubrication to control temperature and reduce
thermal-induced stresses and friction, minimizing shearing stress during
compression.

Proper alignment between punch and die minimizes lateral forces that increase
shearing stress. To use alignment features such as pins or guides to maintain
tablet uniformity.

To utilize CAD software to simulate punch operation and analyze shearing stress
distribution. To test prototype punches to validate performance and identify any
issues.

To manufacture a prototype of the punch and to conduct testing to verify its
performance in the tablet punching machine. To evaluate factors such as tablet
quality, punching accuracy, and punch durability.

Once the punch design is finalized, to manufacture the punch using precision
machining techniques. To implement quality control measures to ensure that the
manufactured punches meet the specified dimensional and performance
requirements.

To develop a maintenance plan to ensure the punch remains in optimal condition
over time. Regular inspection and maintenance help prevent wear and prolong
punch life [7].

. Relationship between compression force control and shearing stress.

Description

Engineers meticulously factor in compression forces when crafting structures or
mechanical elements. It is imperative to gauge how these forces disseminate
within the material. Poor compression force management can lead to uneven force
dispersion, resulting in localized stress escalation, including shearing stress.
Through precise compression force control, engineers can ensure uniform load
distribution across the material, thus mitigating the risk of localized stress
concentrations that might trigger shearing failure.

The properties of materials are instrumental in determining their response to
compression forces and susceptibility to shearing stress. Materials exhibit varying
capacities to endure compression and resist shearing stress. For instance, some
materials display ductility, capable of deforming under compression without
incurring substantial shearing stress, while others are more brittle, predisposing
them to shearing failure under similar loads. By exercising compression force
control, engineers can opt for materials and configurations better equipped to
handle both compression and shearing loads, thereby optimizing system
performance and durability.

Engineers employ mathematical models and simulations during structural
analysis to evaluate how compression forces impact stress distribution within a
structure. Shearing stress assumes critical importance in these analyses,
particularly in components where sliding or twisting motions occur. By regulating
compression forces and scrutinizing their influence on shearing stress, engineers
can pinpoint potential failure points and enact design tweaks to bolster structural
integrity and reliability.

Efficient compression force control serves as a bulwark against structural failures
stemming from excessive shearing stress. By upholding appropriate compression
force levels within the material's design parameters, engineers can curtail the
likelihood of shearing failure, ensuring the system'’s long-term stability and safety.

Compression force control involves managing or regulating the force used to
compress an object or material. In engineering, it is crucial for ensuring structural
stability, preventing material failure, and achieving desired outcomes in processes
such as manufacturing, construction, and material testing. Compression force
control is implemented using mechanisms such as hydraulic systems, pneumatic
systems, servo motors, or manual adjustments, depending on the specific
requirements of the application.

6 Material selection

7 Cooling and lubrication

8 Alignment and registration

9 Simulation and testing

10 |Prototype and testing,
Manufacturing and quality
control, Implement punch
maintenance

Table 7

S.N. Name of the parameter

1 Design considerations

2 Material properties

3 Structural analysis

4 Failure prevention

5 Compression force control

6 Shearing stress

Shearing stress occurs when two surfaces slide or tend to slide across each other
in opposing directions. It is a type of stress that occurs parallel to the surface,
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rather than perpendicular (tensile or compressive stress). Shearing stress is
significant in various engineering scenarios, such as in the design of fasteners,
beams, and structures subjected to loads that induce sliding or twisting forces.
Understanding and managing shearing stress are essential for ensuring the
integrity and safety of mechanical components and structures [8].

Table 8. Relationship between speed control of die-punch and shearing stress.

S.N. Name of the parameters Description
1 Direct relation with In systems employing speed control, such as rotating machinery or moving parts,
velocity the velocity directly affects shearing stress magnitude. Higher velocities lead to

greater shearing stress between contacting surfaces. For instance, increasing
rotational speed in shafts or gears results in higher shearing stress at contact
points.

2 Frictional forces Speed control mechanisms impact frictional forces between contacting surfaces.
Friction generates shearing stress, especially in sliding or rolling scenarios. By
regulating speed, engineers can adjust frictional forces and consequently the
shearing stress experienced by materials.

3 Temperature effects Speed control influences temperature rise due to frictional heating. Elevated
temperatures can alter material properties, affecting their ability to withstand
shearing stress. Increased speed, as seen in metal cutting processes, can raise
temperatures at the tool-workpiece interface, potentially altering material
behavior and resistance to shearing stress.

4 Wear and fatigue Uncontrolled speeds leading to excessive shearing stress can accelerate wear and
fatigue in mechanical components. Implementing speed control helps manage
shearing stress levels, reducing wear and fatigue and extending component
lifespan.

5 Dynamic loading Speed changes introduce dynamic loading conditions, causing fluctuations in
shearing stress. Rapid acceleration or deceleration can induce transient shearing
stress spikes. Speed control mitigates these dynamic effects, ensuring a more
uniform stress distribution over time.

6 Design optimization Speed control aids in optimizing designs to minimize shearing stress
concentrations. Engineers can adjust speed profiles to redistribute stresses,
reducing localized shearing stress and enhancing overall structural integrity [9].

Finite Element Analysis
FEA is done for understanding the distribution of shear stress within tablets during compression,
influencing tablet hardness and disintegration. It involves:

Model Creation: To develop a finite element model that accurately represents tablet geometry,
material properties, and compression conditions.

Material Properties: To define tablet formulation properties in FEA software, including elasticity,
plasticity, and failure criteria, accounting for excipients, binders, and APIs.

Loading Conditions: To simulate tablet compression within the die cavity, specifying punch
geometry, compression force, and interactions between punch, die, and tablet surfaces.

Shear Stress Analysis: To employ FEA to study shear stress distribution within tablets during
compression, identifying regions of high stress and their impact on tablet properties.

Tablet Hardness Prediction: To correlate shear stress distribution with tablet hardness through
empirical relationships or experimental data, assessing variations across tablet regions.

Disintegration Analysis: To extend FEA to predict tablet disintegration under shear stress,
considering factors such as porosity, binder distribution, and API solubility.
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Sensitivity Analysis: To conduct sensitivity analyses to evaluate factors influencing shear stress
distribution, tablet hardness, and disintegration, including punch speed, tablet geometry, and material
properties.

Validation: To validate FEA predictions against experimental data from compression tests and
disintegration studies, refining model parameters for accuracy.

Optimization: To utilize FEA results to optimize tablet formulations and manufacturing processes,
minimizing shear stress and enhancing tablet properties through design adjustments.

Iterative Improvement: To continuously refine the FEA model based on experimental feedback and
production data, using insights to inform future tablet design and manufacturing decisions.

Integrating FEA into tablet development provides manufacturers with critical insights into the
interplay between shear stress, tablet properties, and performance, driving efficiency and efficacy in
formulation and manufacturing processes [12].

Computational Fluid Dynamics
CFD offers valuable insights into shear stress distribution on tablet surfaces during the coating
process, impacting tablet hardness and disintegration approach. It includes:

Model Creation: To develop a CFD model accurately representing the coating process, encompassing
tablet geometry, coating material properties, and equipment geometry (for example, coating pan, spray
nozzle).

Material Properties: To define coating solution material properties are studied, including viscosity,
density, and surface tension, considering changes over time due to solvent evaporation or temperature
fluctuations.

Loading Conditions: To simulate coating solution flow within the coating pan, accounting for factors
such as spray nozzle configuration, pan rotation speed, and airflow patterns.

Shear Stress Analysis: CFD is utilized to analyze shear stress distribution on tablet surfaces during
their traversal through the coating pan, pinpointing regions of high shear stress conducive to tablet
surface erosion or damage.

Tablet Hardness Prediction: Correlations is established between shear stress distribution and
alterations in tablet hardness using empirical relationships or experimental data, assessing variations
across different tablet surface regions.

Disintegration Analysis: CFD analysis is extended to predict tablet disintegration behavior under
shear stress, considering tablet porosity, coating thickness, and the coating layer's strength in
disintegration predictions.

Sensitivity Analysis: Sensitivity analyses is conducted to evaluate factors influencing shear stress
distribution, tablet hardness, and disintegration, encompassing parameters such as spray nozzle
configuration, pan rotation speed, and coating solution properties.

Validation: CFD predictions are validated against experimental data from coating trials and tablet
hardness tests, adjusting model parameters as necessary for enhanced accuracy and alignment with
experimental results.
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Optimization: CFD results are utilized to optimize the coating process for improved tablet hardness
and disintegration performance, implementing design modifications to minimize shear stress on tablet
surfaces while achieving desired coating thickness and uniformity.

Iterative Improvement: CFD model is refined continuously based on experimental feedback and real-
world production data, leveraging insights gained to inform future coating process optimization
endeavors.

By employing CFD to analyze shear stress on tablet surfaces during the coating process,
manufacturers can gain invaluable insights into the influence of coating parameters on tablet hardness
and disintegration behavior, enabling optimization of the coating process and enhancement of tablet
guality and performance [13].

RESULTS
In tablet manufacturing, ensuring optimal performance requires systematic process monitoring and
optimization. Here's an approach to achieve this:

Shearing Stress Monitoring: It is conducted to utilize in-line sensors such as load cells or torque
sensors to measure shearing stress during tablet compression and to employ real-time data collection
systems to continuously monitor shearing stress levels throughout manufacturing.

Tablet Hardness Monitoring: It is utilized to use tablet hardness testers to assess tablet hardness
during production, providing insights into compression force effectiveness and shearing stress impact.
Target hardness specifications are set based on quality standards and process parameters are adjusted
accordingly for consistency.

Disintegration Testing: Disintegration tests are conducted on a sample of tablets to evaluate
disintegration performance. The correlation between shearing stress levels and disintegration behavior
is analyzed to optimize compression parameters.

Process Optimization: SPC techniques are applied to analyze process data for trends or deviations
indicating issues with shearing stress, tablet hardness, or disintegration.

Root cause analysis is performed to identify factors contributing to high shearing stress or tablet
property variations.

Process parameters such as compression force, dwell time, lubrication, and tooling design is
optimized to minimize shearing stress while maintaining tablet hardness and disintegration.

Continuous Improvement: A culture of continuous improvement is fostered to drive ongoing
optimization efforts and to encourage collaboration and knowledge sharing among teams to identify
and implement best practices.

Standard operating procedures (SOPs) are regularly reviewed and updated based on insights from
monitoring and optimization activities.

Employee training is invested to ensure proficiency in monitoring and optimizing tablet
manufacturing processes.

Manufacturers can consistently produce high-quality tablets by systematically monitoring and
optimizing processes for shearing stress, tablet hardness, and disintegration [14].
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DISCUSSIONS

Modeling and simulating shearing stress on tablet disintegration and hardness is a crucial aspect of
tablet manufacturing, involving computational methods to predict tablet behavior. A detailed approach
IS given as:

Model Development

Model development is employed to create a mathematical model describing tablet material properties
and mechanical behavior under compression and shearing forces. It also involves consideration of tablet
geometry, material properties, and interaction with compression tooling (punch and die).

Finite Element Analysis (FEA): FEA software is used:

e To simulate tablet deformation and stress distribution during compression.

e To define boundary conditions, loading conditions, and material properties to accurately
represent the manufacturing process.

Shearing Stress Analysis: It is conducted to analyze shearing stress distribution within the tablet
during compression using FEA results and to identify regions of high shearing stress affecting tablet
hardness and disintegration.

Tablet Hardness Prediction: Shearing stress distribution is correlated with tablet hardness using
empirical relationships or experimental data. Also predicted hardness values are validated against
experimental measurements to verify model accuracy.

Disintegration Simulation: FEA analysis is extended to simulate tablet disintegration under varying
shearing stress conditions, including parameters such as tablet porosity, binder distribution, and
disintegrant properties to predict disintegration time accurately.

Sensitivity Analysis: Sensitivity analyses is conducted to assess factors influencing shearing stress,
tablet hardness, and disintegration and to investigate effects of process parameters, tablet formulation,
and material properties on tablet performance.

Model Validation: Modeling results are validated against experimental data from tablet compression
and disintegration studies. Simulated shearing stress, tablet hardness, and disintegration behaviors are
compared with experimental observations for accuracy.

Optimization: A validated model is utilized to optimize tablet formulations and manufacturing
processes for improved hardness and disintegration. Design adjustments are made to minimize shearing
stress and enhance tablet properties based on simulation insights.

To enhance tablet quality and performance, the manufacturers gain valuable insights by modeling
and simulating shearing stress on tablet disintegration and hardness [15].

CONCLUSION
Shearing stress plays a significant role in tablet manufacturing, affecting both tablet disintegration
and hardness. Here's how shearing stress influences these aspects:

Effect on Tablet Disintegration
Shearing stress can impact the integrity of the tablet structure, affecting its ability to disintegrate

properly.

High shearing stress levels during compression can lead to compacted tablet surfaces, hindering the
penetration of dissolution fluids and delaying disintegration. Excessive shearing stress may also cause
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tablet surface defects or cracks, which can impede disintegration by reducing the surface area available
for dissolution.

Impact on Tablet Hardness
Shearing stress contributes to the consolidation of tablet particles during compression, influencing
tablet hardness.

Higher shearing stress levels can lead to greater particle compaction, resulting in harder tablets with
increased mechanical strength. However, excessive shearing stress may cause tablet over-compression,
leading to reduced porosity and increased hardness beyond desired levels.

To optimize tablet manufacturing and achieve the desired balance between tablet disintegration and
hardness, it is essential to control shearing stress effectively.

This can be achieved through:
Adjusting Compression Force: Properly calibrating the compression force applied during tablet
production to minimize shearing stress while ensuring adequate tablet compaction.

Optimizing Formulation and Lubrication: Selecting tablet formulations and lubricants that reduce
interparticle friction during compression, thereby decreasing shearing stress.

Modifying Tooling Design: Implementing tooling designs with appropriate surface finishes and
geometries to minimize friction and shear forces during compression.

Monitoring Process Parameters: Process variables such as punch-die clearance, dwell time, and
tablet press speed are continuously monitored to ensure consistent tablet quality and minimum shearing
stress.

By carefully managing shearing stress during tablet manufacturing, manufacturers can optimize
tablet disintegration and hardness, leading to high-quality tablets with reliable performance
characteristics [16].
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