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ABSTRACT:

Tablet manufacturing is a complex process crucial to the pharmaceutical industry. This review article provides an overview of tablet manufacturing processes,
highlighting raw materials, direct compression, wet and dry granulation, tablet pressing, coating and finishing. Quality control, regulatory requirements and recent
innovations like continuous manufacturing, 3D printing and nanotechnology are discussed. Challenges and future directions, including scale-up, material science
and patient-centric designs, are addressed.
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INTRODUCTION:

Tablets are the most widely used dosage form in the pharmaceutical industry, accounting for approximately 70% of all medications. The demand for
tablets continues to grow due to their convenience, ease of administration and cost-effectiveness. Tablet manufacturing is a complex process requiring
precise control of multiple variables to ensure consistent product quality. The process involves transforming raw materials into a uniform dosage form,
meeting strict regulatory standards.

TABLET MANUFACTURING ENCOMPASSES VARIOUS PROCESSES:

Raw Material Selection: Choosing suitable active pharmaceutical ingredients (APls) and excipients.
Direct Compression: Compressing raw materials without granulation.

Wet Granulation: Mixing and granulating raw materials with solvents.

Dry Granulation: Compacting raw materials without solvents.

Tablet Pressing: Shaping granules into tablets.

Coating and Finishing: Applying coatings and final touches.
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RAW MATERIAL AND EXCIPIENTS

Raw Materials

Active Pharmaceutical Ingredients (APIs): Biologically active substances, e.g., acetaminophen.
Fillers: Inactive substances adding bulk, e.g., lactose.

Binders: Substances holding tablets together, e.g., starch.

Disintegrants: Substances aiding tablet breakup, e.g., crospovidone.

Lubricants: Substances reducing friction, e.g., magnesium stearate.

Glidants: Substances improving flow, e.g., silicon dioxide.
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Excipients

1. Diluents: Inactive substances reducing API concentration.
Coatings: External layers enhancing appearance, control release.
Colorants: Substances adding color.
Flavorings: Substances enhancing taste.
Preservatives: Substances preventing degradation.
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Properties and Selection Criteria
1. Physical Properties: Particle size, shape, density.
2. Chemical Properties: Solubility, stability.
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3. Biological Properties: Biocompatibility, bioavailability.
4.  Regulatory Compliance: Meeting pharmacopeial standards. (2,3,4,5,6).

TABLET MANUFACTURING PROCESSES

Tablet manufacturing processes offer numerous benefits, enhancing pharmaceutical product quality, efficacy and patient compliance. This review
highlights the advantages of tablet manufacturing processes.
e  Advantages
Uniformity: Consistent tablet size, shape and weight.
Convenience: Easy administration and dosing.
Cost-effectiveness: Reduced production costs.
Stability: Improved API stability and potency.
Bioavailability: Enhanced absorption rates.
Patient Compliance: Increased adherence to treatment.
Quality Control: Ensured consistency, purity and potency.
Regulatory Compliance: Adherence to pharmacopeial standards.
Flexibility: Various manufacturing techniques.
Scalability: Suitable for large-scale production.
A. DIRECT COMPRESSION
Direct compression in tablet manufacturing is a process that involves compressing raw materials directly into tablets without granulation. This method is
simple, efficient and cost-effective, making it a popular choice in the pharmaceutical industry.
e  Steps in Direct Compression
Raw Material Blending: The active pharmaceutical ingredient (API) and excipients are blended together.
Tableting: The blended powder is compressed into tablets.
Coating: The tablets are coated with a thin layer of material.
e  Advantages of Direct Compression
Uniformity: Direct compression ensures consistent tablet size, shape and weight.
Convenience: Tablets are easy to administer and dose.
Cost-effectiveness: Reduced production costs.
Stability: Improved API stability and potency.
Bioavailability: Enhanced absorption rates. (7,8)
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B. WET GRANULATION
Wet granulation is a tablet manufacturing process involving mixing and granulating raw materials with solvents, followed by drying and compression.
This review highlights wet granulation's principles, advantages and applications
Principles of Wet Granulation
Mixing: API, excipients and solvent are combined.
Granulation: Mixture is granulated through screening or milling.
Drying: Granules are dried to remove solvent.
Compression: Granules are compressed into tablets.
Advantages of Wet Granulation
Improved Flow: Enhanced powder flowability.
Increased Density: Compact granules.
Better Compressibility: Easier tablet compression.
Uniformity: Consistent tablet size and weight.
Stability: Improved API stability.
Applications of Wet Granulation
Poorly Compressible Materials: Enhances compressibility.
Moisture-Sensitive APIs: Protects APIs during processing.
Complex Formulations: Suitable for multiple-component blends. (9,10)
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C. DRY GRANULATION
Dry granulation is a tablet manufacturing process that involves compacting raw materials without solvents, suitable for moisture-sensitive Active
Pharmaceutical Ingredients (APIs). This review highlights dry granulation principles, advantages and applications.
Principles of Dry Granulation
Compaction: APl and excipients are compacted.
Milling: Compact is milled into granules.
Sifting: Granules are sifted for uniform size.
Compression: Granules are compressed into tablets.
Advantages of Dry Granulation
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Moisture Protection: Suitable for moisture-sensitive APIs.

Improved Flow: Enhanced powder flowability.

Increased Density: Compact granules.

Better Compressibility: Easier tablet compression.

Uniformity: Consistent tablet size and weight.

Applications of Dry Granulation

Moisture-Sensitive APIs: Protects APIs during processing.

Poorly Compressible Materials: Enhances compressibility.

Complex Formulations: Suitable for multiple-component blends. (11,12)

TABLET PRESSING

Tablet pressing is a critical step in tablet manufacturing, transforming granules into uniform tablets. This review highlights tablet pressing principles,
advantages and applications.
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4.

Principles of Tablet Pressing

Feeding: Granules are fed into the press.
Compression: Granules are compressed into tablets.
Ejection: Tablets are ejected from the press.
Coating: Tablets may undergo coating.

Types of Tablet Presses

1.
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Single-Punch Presses: Suitable for small-scale production.
Rotary Presses: High-speed, high-volume production.
Hydraulic Presses: Precise control over compression force.
Advantages of Tablet Pressing

Uniformity: Consistent tablet size and weight.
Convenience: Easy administration and dosing.
Cost-effectiveness: Reduced production costs.

Stability: Improved API stability.

Applications of Tablet Pressing

Pharmaceutical Tablets: Various therapeutic categories.
Nutritional Supplements: Vitamins, minerals and herbs.
Cosmetic Tablets: Skincare, haircare. (13,14)

COATING AND FINISHING

Coating and finishing are critical steps in tablet manufacturing, enhancing appearance, controlling release and ensuring patient compliance. This review
highlights coating and finishing techniques, advantages and applications.
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Coating Techniques

. Film Coating: Thin, uniform polymer layer.

. Enteric Coating: Protects API from stomach acid.

. Sustained Release Coating: Regulates API release.
. Sugar Coating: Aesthetic, taste-masking.

Finishing Processes

. Polishing: Enhances tablet appearance.

. Printing: Adds logos, texts.

. Coloring: Dyes or pigments for identification.
. Waxing: Hydrophobic coating.

Advantages of Coating and Finishing

. Improved Appearance: Enhances patient compliance.
. Controlled Release: Regulates APl absorption.

. Taste Masking: Conceals unpleasant flavors.

. Stability: Protects API from environmental factors.

Applications of Coating and Finishing

1. Pharmaceutical Tablets: Various therapeutic categories.
2. Nutritional Supplements: Vitamins, minerals and herbs.
3. Cosmetic Tablets: Skincare, haircare. (15,16)

F.

QUALITY CONTROL AND ASSURANCE

Quality control and assurance are crucial components in tablet manufacturing processes, ensuring the safety, efficacy and reliability of pharmaceutical
products. Quality Assurance (QA) focuses on preventing quality issues, while Quality Control (QC) detects and corrects them.

Quality Assurance (QA): Establishes procedures and guidelines to ensure quality standards are met throughout the manufacturing process.

Aspects of QA and QC
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Quiality Control (QC): Monitors and tests products to identify defects or deviations.
QA and QC Processes in Tablet Manufacturing
1. Design Quality: Ensures product design meets regulatory requirements.
2. Document and Learning Management: Maintains accurate records and training programs.
3. Complaints Management: Addresses customer complaints and feedback.
4. Risk Management: Identifies and mitigates potential risks.
5. Supplier Management: Ensures supplier quality and reliability.
. Regulatory Compliance
Tablet manufacturers must adhere to regulations such as:
cGMP (Current Good Manufacturing Practice): Ensures quality control and assurance.
ICH Guidelines (International Council for Harmonisation): Provides standards for pharmaceutical quality.
USP/NF (United States Pharmacopeia/National Formulary): Sets standards for pharmaceutical products. (17,18,19)

G. DEFECTS OF TABLET AND THEIR SOLUTIONS —
Tablet manufacturing defects can be categorized into visual and functional defects. Visual defects affect the appearance, while functional defects impact
the tablet's performance.
Visual Defects
1. Capping-
Causes: Air entrapment, insufficient binder, excessive fines, and improper machine settings.
Solutions: Remove fines, adjust moisture content, increase binder, and polish dies.

2. Lamination
Causes: Air entrapment, rapid turret speed, and insufficient binder.
Solutions: Adjust turret speed, increase binder, and use tapered dies.

3. Chipping
Causes: Incorrect machine settings, mis-set ejection take-off, and sticking on punch faces.
Solutions: Adjust ejection take-off, increase lubrication, and polish punch edges.

4. Cracking
Causes: Rapid expansion, deep concave punches, and insufficient binder.
Solutions: Use tapered dies, reduce concavity, and adjust compression pressure.

5.  Sticking
Causes: Improperly dried granules, insufficient lubrication, and excessive moisture.
Solutions: Dry granules properly, increase lubrication, and modify granulation.

6. Picking
Causes: Excessive moisture, insufficient lubrication, and rough punch faces.
Solutions: Dry granules, increase lubrication, and polish punch faces.

7. Binding
Causes: Excessive moisture, insufficient lubrication, and worn dies.
Solutions: Dry granules, increase lubrication, and replace worn dies.

8.  Mottling
Causes: Unequal color distribution, colored drug with colorless excipients.
Solutions: Use appropriate colorants, mix properly, and reduce drying temperature.

9.  Double Impression
Causes: Uncontrolled punch rotation during ejection.
Solutions: Use keying in tooling, anti-turning devices.
e  Functional Defects
1. Weight Variation
Causes: Inconsistent granule density, inaccurate weighing.
2. Mechanical Strength
Causes: Insufficient binder, excessive moisture.
3. Content Uniformity
Causes: Inadequate mixing, segregation.
4.  Release Profile
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Causes: Insufficient coating, excessive moisture

RECENT TRENDS AND INNOVATION

Recent trends and innovations in tablet manufacturing processes are transforming the pharmaceutical industry.

e  Trends:
Automation and Al Integration: The adoption of automation and Al technologies has significantly improved manufacturing efficiency and productivity.
Companies like ACG have successfully implemented Al-driven solutions, resulting in a 44% increase in workforce productivity and a 30-40% reduction
in mean time to repair. Modified-Release Formulations: Pharmaceutical companies are developing innovative modified-release products, driving demand
for specialized tablet-coating excipients. This trend enables controlled release, masking odors and tastes, and enhancing visual appeal and branding.
Sustainable Practices: The industry prioritizes environmentally sustainable practices, including eco-friendly materials sourcing, energy-efficient
manufacturing processes, and biodegradable capsule materials.

. Personalized Healthcare:
Manufacturers are embracing flexibility in capsule design and composition, tailoring formulations to individual patient needs. This trend enhances patient
adherence and therapeutic outcomes.

e  Nanocoating Technology:
Vendors are focusing on nanotechnology research to improve excipients' capabilities, controlling release rates and enhancing bioavailability.

. Innovations in Soft Gel Technology
Advancements in soft gel technology have propelled the industry toward efficient and sustainable manufacturing practices. GELITA's innovative gelatin
solutions address challenges like cross-linking, leaking and enteric delivery, empowering manufacturers to deliver high-quality products.
Emerging Technologies
High-Speed Encapsulation Systems: Advanced machinery and robotics have replaced traditional manual filling and sealing methods, increasing
production speed and reducing manual labor.
Process Analytical Technology Tools: New PAT tools enable real-time monitoring and data acquisition during film coating operations, enhancing
efficiency and scalability.
1) Continuous Manufacturing
Continuous manufacturing in tablet production is revolutionizing the pharmaceutical industry by enhancing efficiency, reducing waste and ensuring
regulatory compliance. This innovative approach involves producing tablets continuously, rather than in batches, to minimize downtime and maximize
productivity.

Benefits of Continuous Manufacturing

Improved Efficiency: Continuous manufacturing systems are equipped with real-time monitoring and control capabilities, ensuring consistent product
quality and enabling quick responses to process deviations.

Reduced Waste: Continuous production minimizes waste generation by optimizing material usage and reducing scrap.

Enhanced Compliance: Continuous manufacturing facilitates adherence to regulatory standards by ensuring uniformity in tablet production.

Recent Trends and Innovations

Advanced Monitoring and Control Systems: Integration of sensors and software algorithms to monitor parameters like compression force, tablet weight
and thickness.

Multi-Layer and Coating Capabilities: Production of multi-layer tablets and application of coatings during compression.

Personalized Medicine and 3D Printing: Customized tablets with specific dosages and release profiles using 3D printing technology.

Digitalization and Industry 4.0: Embracing digital technologies like 10T, Al and machine learning for predictive maintenance, real-time monitoring and
data analytics. (20)

2) 3D Printing

3D printing, or additive manufacturing, revolutionizes tablet production with customized designs, precise control and efficient processes.
Recent Trends

1. Personalized Medicine: Tailored dosages, release profiles and shapes.
2. Complex Geometries: Intricate designs, multi-compartment tablets.
3. Rapid Prototyping: Swift formulation development, testing.

4. Multi-Material Printing: Combining APIs, excipients, coatings.
Innovations

1. Inkjet-Based Printing: Precise droplet deposition.

2. Fused Deposition Modeling (FDM): Melted material extrusion.

3. Stereolithography (SLA): Photopolymerization.

4. Selective Laser Sintering (SLS): Powder fusion.

Applications

1. Oral Dosage Forms: Tablets, capsules, orodispersible films.

2. Controlled Release: Customized dissolution profiles.

3. Patient-Specific Dosages: Individualized therapy.
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3) Nanotechnology

Nanotechnology is revolutionizing tablet manufacturing with innovative applications that enhance efficiency, precision and sustainability.
Key Applications of Nanotechnology

Nanoencapsulation: Enclosing active pharmaceutical ingredients in nanoparticles to improve bioavailability and controlled release.
Nanoparticle-based drug delivery: Targeted delivery of medications to specific sites, enhancing efficacy and minimizing side effects.
Smart packaging: Developing reusable and biodegradable materials for tablet packaging.

Pathogen identification and food monitoring: Utilizing nanotechnology for rapid detection and monitoring.

Benefits of Nanotechnology in Tablet Manufacturing

Improved bioavailability: Enhanced absorption rates through nanoencapsulation.

Increased precision: Precise control over tablet composition and design.

Sustainability: Reduced waste generation and eco-friendly packaging.

Customization: Personalized medicine through tailored dosages and release profiles.

4) Co-Processed Excipients

Co-processed excipients are revolutionizing tablet manufacturing by combining two or more pharmacopeial or non-pharmacopeial excipients into a single
composite material. This innovative approach enhances physical properties without chemical reactions, overcoming limitations of simple physical mixing.
Types of Co-processed Excipients

Binders: Improve tablet cohesion and plasticity, essential for binding powders together. Examples include acacia, starch paste, PVP, glucose and
carboxymethyl cellulose.

Fillers/Diluents: Enhance tablet handling and content homogeneity. Examples are lactose, dextrose, sorbitol, MCC and dibasic calcium phosphate
dehydrate.

Disintegrants/Super-disintegrants: Facilitate tablet breakup in aqueous mediums. Examples include corn starch, clays, resins, cellulose, CCS,
crospovidone and sodium starch glycolate.

Lubricants: Prevent ingredient clumping and ensure smooth tablet ejection. Examples are talc, silica, stearic acid and magnesium stearate.

Glidants: Improve powder flowability into die cavities. Examples include colloidal silicone dioxide, starch, talc and magnesium stearate.

Advantages of Co-processed Excipients

Rapid Disintegration: Enhance orodispersible tablet performance with fast disintegration times.

Improved Compressibility: Ensure efficient tablet punching processes.

Enhanced Flowability: Improve powder flow into diecavities.

CHALLENGES AND FUTURE DIRECTIONS:

Current Challenges

1. Material Variability: Ensuring consistency in raw materials.

2. Supply Chain Security: Managing risks in global sourcing.

3. Regulatory Compliance: Adapting to evolving pharmacopeial standards.
4. Patient Adherence: Enhancing tablet design for ease of use.

5. Scalability and Efficiency: Balancing production costs and quality.

Future Directions

1. Continuous Manufacturing: Integrating real-time monitoring and adaptive control.

2. Digitalization and Al: Leveraging predictive maintenance and quality forecasting.

3. Sustainable Practices: Adopting eco-friendly materials and energy-efficient processes.
4. Personalized Medicine: Tailoring tablet design and formulation to individual needs.

5. Nanotechnology: Exploring advanced coating materials and delivery systems.

CONCLUSION:

Tablet manufacturing requires precise control of multiple variables. Understanding raw materials, processes and regulations ensures high-quality products.
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