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ABSTRACT

This article provides an overview of instrument handling in the pharmaceutical industry, highlighting the importance of standard
operating procedures (SOPs) and various equipment used in different stages of pharmaceutical manufacturing. Key instruments
discussed include tablet compression machines, dissolution and disintegration apparatus, friability tester, tapped density tester,
Monsanto hardness testers, fluidised bed processors, humidity chambers, spray dryers, freeze dryers, ampoule filling machines,
granulators and high-speed homogenisers. These instruments play a crucial role in ensuring the quality, safety and efficacy of
pharmaceutical products, from formulation and manufacturing to quality control and packaging. By understanding the principles
and applications of these instruments, pharmaceutical professionals can optimize their processes, improve product quality and
comply with regulatory requirements.
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1. INTRODUCTION

Pharmaceutics involves the design, development and manufacture of pharmaceutical dosage forms. To achieve consistent product
quality and efficacy, a wide range of analytical and manufacturing instruments are used. Proper handling of these instruments is
essential for obtaining accurate data and maintaining regulatory standards. Proper instrumental handling is crucial for maintaining
the functionality of tools especially in surgical and laboratory settings.Instrument handling in pharmaceutics plays a major role in
the accurate formulation, quality control of pharmaceutical products. It involves the correct use, calibration, cleaning, maintenance
and storage of pharmaceutical laboratories instruments to ensure accurate, precise and reproducible results in drug research
formulation and its quality control. It is very crucial in formulation development, quality assurance of product and stability testing.
It supports validation and analytical method development. The main objectives include obtaining accurate and precise results,
ensuring data integrity for audits and documentation, and ensuring safety in the laboratories as well as complying with the
pharmaceutical regulatory standards. This study article provides an overview of instrument handling in the pharmaceutical
industry, highlighting the importance of standard operating procedures (SOPs) and various equipment used in different stages of
pharmaceutical manufacturing.

2. STANDARD OPERATING PROCEDURE (SOP) HANDLING

According to ICH guidelines, SOP is a written instruction to achieve uniformity of the performance of a specific function. It refers
to a written, step by step instruction that describes how to perform a specific task or process in a consistent and standardized
manner that ensures compliance with quality standards such as GMP, GLP and ISO. Effective workflow management is built on
a well-defined SOP, which sets clear expectations and gives team members thoughtful guidance on what to do at any time. SOP
handling refers to the systematic creation, approval, distribution, training, implementation, review, revision, and archiving of
Standard Operating Procedures. These procedures ensure that operations are performed consistently and according to regulatory
or organizational standards.

The main purposes of SOP handling are to maintain the consistency in productions and to provide clear instructions to personnel
to avoid the unnecessary errors on producing pharmaceutical products. It must ensure compliance with regulatory standards (e.g.,

FDA, ICH, WHO). The initial step is the preparation, review of the process and the approval followed by the issuance and
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distribution of the data. The first step is to identify the process needed to draft a SOP with clear and concise instructions. And it is
later reviewed by heads of various departments to ensure the accuracy and compliance. Then the authorized personnel approve
the document for use issued with a control number, version number and distributed to put into practice.To ensure the efficacy
SOPs are reviewed periodically (usually every 2-3 years or whenever changes are needed). Standard operating procedure is widely
used.The different types of SOPs are operational SOPs, safety SOPs and management SOPs. Functionally management SOPs are
used in the finance department while operational SOPs are used in the pharmaceutical industry.

3. EQUIPMENT USED IN PHARMACEUTICAL FORMULATION
3.1 TABLET COMPRESSION

Tablet compression is the process of converting granules or powders into solid dosage forms using tablet presses. It is a crucial
step in manufacturing tablets. And also can be defined as a mechanical process in which powdered or granulated material is
compressed into a tablet of uniform size and weight using punches and dies in a tablet press. Main objectives of tablet compression
techniques are converting of granules or powders into solid tablets, ensuring the uniformity in weight, hardness, and appearance
of particles. And the achieving of proper compaction and cohesion of ingredients.

The equipment used for manufacturing of tablets are single punch tablet press and rotary tablet press. The different stages involved
in the tablet compression process are filling, compression and ejection. The granules or powders are filled into the die cavity and
then the upper and lower punches compressed into solid dosage forms and then followed by the ejection out from the dies.

3.2 SINGLE PUNCH TABLET PRESS

It is a mechanical device used to compress powder into tablets using a single set of punches and dies. Eccentric tablet presses are
suitable for small scale or R&D. Single tablet presses consist of a single station which produces one tablet at a time. The key
components of tablet press in manufacturing are hoppers, feeding system, dies and punches, cam tracks and compression rollers.
The machine works on the mechanical principle of cam driven reciprocating motion. The upper punch is connected to a cam
mechanism that moves the compression roll up and down beneath the punches at a fixed distance into the die. The exact position
of compressing is determined by a threaded bolt called the ejector knob. The initial step is die filling where the powder is filled
into the die cavities through the hopper. The next step is compression by applying pressure on the granules or power while the
lower punch slightly rises above. The machine head makes a single revolution as the tablets are produced one at a time.
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Fig-1: Single punch press
3.3 ROTARY PUNCH PRESS

The rotary tablet press is a high speed mechanical device used to compress powders into tablets of uniform size, shape and weight.
It uses multiple sets of punches and dies on a rotating turret which allows continuous manufacturing of the tablet. The main
principle involved is rotary motion which allows the movement of upper and lower punches with dies to compress the powder.
The rotation of the machine revolves twice per rotation which consists of pre-compression and main compression. It is capable
of producing multi-layered tablets more efficiently.

The two types of rotary punch press are single sided rotary press and double-sided rotary press. Tablets are compressed on one
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side of the turret in a single sided rotary press while in a double sided rotary press, tablets are compressed on both sides of the
turret. The components of rotary punch press are similar to single punch press. Ideal for the production of large quantities of tablets
quickly, efficiently, and with required consistency. Rotary tablet presses play a critical role in the production of tablets for the
pharmaceutical industry. And it ensures consistent quality and accuracy in tablet production.
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Fig- 2: Rotary punch press
3.4 DISSOLUTION APPARATUS

Dissolution apparatus is a laboratory instrument used to measure the rate at which a drug is released from its dosage form into a
liquid medium. It is performed in pharmaceutical industries to ensure the consistent drug release and bioavailability of dosage
form. The main components of a dissolution apparatus are vessels (jars), paddles or baskets, drive head, shafts, heater and water
bath and the sampling system. The vessels are usually made of glass and filled with dissolution medium (for e.g.: water, buffer).
The function of paddles or baskets is to stir the medium to stimulate the GI movement. Drive head rotates the paddle or basket
while the shafts connect the rotating parts to the motor. Maintaining an optimum temperature (37+0.5) is done by heater. Sampling
system allows periodic collection of the medium for analysis.

According to USP, types of dissolution apparatus:-

Table no:1 Types of dissolution apparatus

APPARATUS NO NAME DESCRIPTION

[USP Apparatus 1 Basket type 400ml beaker (basket), 3 blade
centrally placed polyethylene stirrer
(5cm diameter)

[USP Apparatus 2 Paddle type Paddle, wobble, shaft of 2mm
laced at vertical axis of vessel
[USP Apparatus 3 Reciprocating cylinder type Cylindrical flat bottomed glass

vessel, reciprocating inner
cylinders, stainless steel fixings and
screen

USP Apparatus 4 Flow through cell type Sampling pump, flow through cell,
fraction collectives, sample
splitters, UV spectrophotometer or

HPLC system

[USP Apparatus 5 Paddle over disk type Stainless steel disc, paddle blade,
vessel and wobble

[USP Apparatus 6 Rotating cylinder type Basket and shaft, stainless steel
cylinder, stirrer

[USP Apparatus 7 Reciprocating disk type Holders, vessel, pumps
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The working of dissolution is under the principle where the apparatus stimulates the gastrointestinal environment by exposing the
dosage form into a dissolution medium at controlled temperature and stirring. The drug dissolves into the medium over time, and
the samples are collected at regular intervals to measure the drug concentration. A dosage form is placed in a vessel, and a rotating
paddle or basket stirs the medium at a specified speed. As the drug or capsule dissolves, it is released into the medium. Samples
are withdrawn at predetermined intervals and analyzed, commonly using UV spectrophotometry or HPLC, to measure the amount
of drug dissolved. The resulting data helps to determine whether the drug meets required dissolution specifications, which is
critical for ensuring consistent drug performance, bioavailability and therapeutic effectiveness.
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Fig- 3:Dissolution apparatus Fig- 4:Types of dissolution apparatus as per USP
3.5 DISINTEGRATION APPARATUS

The disintegration apparatus is used to test how quickly and completely a solid dosage form, such as a tablet or capsule, breaks
down into smaller particles under specific conditions. It consists of a basket-rack assembly containing six open-ended glass tubes
with mesh screens at the bottom, which are placed in a beaker filled with a suitable liquid medium, usually water or simulated
gastric/intestinal fluid, maintained at a temperature of 37 +2°C. The assembly is repeatedly raised and lowered in the medium at
a fixed rate (usually 29-32 cycles per minute) using a motorized drive. During this motion, the dosage forms are subjected to the
liquid and mechanical agitation, causing them to disintegrate. The test is considered successful if no residue remains on the mesh
other than fragments of the coating or insoluble shell within a specified time. This apparatus ensures that tablets and capsules
disintegrate properly to allow for drug release and absorption in the body.

There are two main types of disintegration apparatus used to test the disintegration time of tablets and capsules:-

APPARATUS A:

This apparatus consists of a basket rack with multiple tubes, each containing a tablet or capsule, which moves up and down in a
water bath at a specified temperature. This apparatus consists of a basket rack assembly, a 1L beaker, an arrangement for heating
the fluid and a mechanical thermostatic device. The parts consist of basket rack assembly, disc and medium.

APPARATUS B:

Tap apparatus is used for larger tablets and capsules. The main parts are basket rack assembly which supports 3 cylindrical

transparent tubes of 77.5+2.5 mm long, 33+0.5 mm diameter and 2.5+0.5 mm thickness. The most recognized is the paddle type
apparatus. The application of dissolution testing ensures consistent quality of product and to predict in vivo drug availability.

Page | 137



International Journal of Pharmacy and Pharmaceutical Research (IJPPR)

Volume 32, Issue 2, February 2026 ijppr.humanjournals.com ISSN: 2349-7203

S

i -
'| CUSWTEGRATION TEST APPANATUS iagie rear) r

'r—_—|'. = owivoe || e |

G |
|- ® Lol

Fig-5: Disintegration apparatus
3.6 FRIABILITY TESTER

A friability tester is a device used in the pharmaceutical and chemical industries to measure the friability (the tendency of a
material to break into smaller pieces) of tablets, granules, or other solid substances. Friability testing is crucial in ensuring the
mechanical strength of tablets and assessing their ability to withstand handling, packaging, and transportation without breaking
apart.

The tester typically consists of a rotating drum or chamber where the tablets are placed. The chamber rotates at a specified speed
for a set amount of time, allowing the tablets to tumble and collide with each other. After the test, the tablets are weighed to
determine how much weight has been lost due to chipping or breaking. The percentage of weight loss is calculated, which is used
as an indicator of the product’s durability and quality. The test helps manufacturers ensure that their products meet regulatory
standards for strength and integrity before they reach consumers.

The working of a friability tester involves placing a sample of tablets or granules into a rotating drum or chamber. The device
typically consists of a cylindrical drum that rotates at a controlled speed, usually around 25 to 30 rotations per minute, for a fixed
duration, often 4 minutes or more. As the drum rotates, the tablets or granules tumble and collide with each other, simulating the
forces they would experience during packaging, transportation, or handling. This mechanical stress causes the tablets to break,
chip, or wear down to a certain extent. After the test, the tablets are carefully removed, and any loose particles are collected. The
remaining tablets are weighed, and the loss in weight is calculated as a percentage of the original weight. This percentage, known
as the friability percentage, indicates the material’s resistance to breaking or crumbling. A low friability percentage suggests good
tablet strength and durability, while a high friability percentage indicates the tablets may be too fragile for safe handling and
distribution.

Friability testers are essential for ensuring the quality and durability of pharmaceutical products such as tablets and granules. These
devices have various advantages as well as limitations.

Fig- 6: Friability apparatus
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3.7 TAPPED DENSITY APPARATUS

A tapped density apparatus is a laboratory device used to measure the tapped density of powders, typically in pharmaceutical,
chemical, and food industries. Tapped density refers to the maximum packing density of a powder after it has been subjected to
tapping or vibration, which compacts the powder particles and reduces the volume due to the elimination of air spaces between
them.

The apparatus typically consists of a cylindrical container, a mechanism to lift and drop the container repeatedly, and a digital
scale to measure the weight. The powder sample is first weighed and placed into the container, and then the container is
mechanically tapped a set number of times (usually around 500 or 1000 taps). After the tapping process, the volume of the powder
is measured, and the tapped density is calculated by dividing the weight of the powder by the final tapped volume. This
measurement is crucial for understanding the flow properties and compressibility of powders, which is essential for processes like
tablet manufacturing, where uniformity and proper filling are important. The tapped density helps in determining the packaging
requirements, as well as the stability and handling characteristics of the powder.

To begin the process, a known quantity of powder is weighed and poured into a graduated measuring cylinder or a similar
container attached to the apparatus. The apparatus then lifts and drops the container vertically from a specified height at a fixed
frequency, typically 250 to 300 taps per minute. This tapping action continues for a predetermined number of taps—often
500, 750, or 1250—depending on the testing requirements. As the tapping proceeds, the powder particles rearrange themselves
more closely, reducing the overall volume. After the tapping cycle is completed, the final volume of the powder is recorded. The
tapped density is then calculated by dividing the mass of the powder by its final tapped volume. This method helps assess the
powder's flow properties, compressibility, and packing ability, which are critical for manufacturing processes like tablet
compression and capsule filling.

Fig-7:Tapped density apparatus
3.8 MONSANTO HARDNESS TESTING

The Monsanto hardness tester is a manual device used to measure the hardness or crushing strength of tablets, which is a crucial
quality control parameter in pharmaceutical manufacturing. The tester consists of a spring-loaded anvil and a scale calibrated in
units of force, typically in kilograms or pounds. To perform the test, a single tablet is placed between the adjustable plunger and
the fixed anvil. As pressure is manually applied by turning a screw or knob, the force increases until the tablet breaks or fractures.

The point at which the tablet breaks is read directly from the scale, indicating the tablet’s hardness. This measurement reflects the
tablet’s mechanical strength and ability to withstand handling, packaging, and transportation without crumbling or breaking. The
Monsanto hardness tester is widely used due to its simplicity, portability, and reliability, though more advanced digital and
automated systems are also available for high-throughput environments.

Fig- 8:Monsanto hardness tester
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3.9 FLUIDIZED BED PROCESSOR

A fluidized bed processor is a versatile equipment used in the pharmaceutical, chemical, and food industries for processes like
drying, coating, granulation, and powder mixing. It works by introducing a stream of air or gas at high velocity through a bed of
fine particles or powders contained in a vertical chamber. As the air passes upward, it causes the particles to become suspended,
creating a fluid-like state. This fluidization increases the contact between the particles and the air, allowing for efficient heat
transfer and uniform mixing.

The fluidized bed processor sprays a liquid binder onto the powder particles while they are in a suspended state, promoting particle
agglomeration and the formation of granules. The process is highly controlled, with parameters like airflow, temperature, and
spray rate carefully adjusted to achieve the desired product characteristics. Fluidized bed processing offers several advantages,
including consistent product quality, enhanced heat and mass transfer, and the ability to scale up efficiently for large production
volumes. It is particularly valued for its ability to provide even coating or drying without the need for direct mechanical agitation,
minimizing particle damage or loss.

In granulation, the fluidized bed processor is used to form uniform granules by spraying a binder solution onto a fluidized powder
bed. As the liquid binder is atomized and sprayed over the particles, they agglomerate and form larger, more cohesive particles.
This ensures better flow properties, uniformity, and enhanced compaction for tablet formation. Similarly, for coating, a fluidized
bed is used to apply a thin, uniform coating of materials like polymers or sugars onto granules or tablets. This is especially useful
in the pharmaceutical industry to create controlled-release formulations or to protect the core material from environmental factors.
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Fig- 9: Fluidized bed processor
3.10 HUMIDITY CHAMBER

A humidity chamber is a controlled environment used to simulate specific temperature and humidity conditions for testing and
storing materials, products, or equipment that may be sensitive to changes in moisture levels. It is commonly employed in
industries like pharmaceuticals, food, electronics, and materials science to assess the effects of moisture on the stability,
performance, and quality of products over time. The chamber typically consists of an enclosure with built-in systems for
controlling both temperature and relative humidity.

The humidity is regulated using a combination of water vapor, humidifiers, or cooling coils, while the temperature is controlled
through heating elements or refrigeration units. The primary purpose of a humidity chamber is to conduct accelerated stability
testing to evaluate how products, such as pharmaceutical tablets, cosmetics, or electronics, will respond to prolonged exposure to
high or low moisture levels. For instance, in the pharmaceutical industry, a humidity chamber is used to test the degradation or
dissolution properties of tablets under specific environmental conditions, simulating real-world storage or transportation
scenarios. Similarly, it helps in ensuring that food products maintain their freshness and texture, and electronic devices are not
negatively affected by moisture-induced corrosion or failure.

The working of a humidity chamber involves the precise control of both temperature and relative humidity within an enclosed
space to simulate environmental conditions that a product may be exposed to during storage, transportation, or use. The chamber
operates by regulating the temperature using heating or cooling elements and controlling humidity through the introduction of
water vapor or by adjusting air circulation to maintain a specific moisture level. These conditions are continuously monitored and
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adjusted to ensure that the set parameters are maintained consistently over time. Humidity chambers can simulate a range of
environmental conditions, from high humidity and elevated temperatures to dry and cooler conditions, depending on the test
requirements.

The applications of humidity chambers are diverse and essential in various industries. In the pharmaceutical industry, they are
used to test the stability and shelf-life of drugs, particularly to observe how moisture impacts the dissolution, degradation, or
efficacy of tablets, capsules, and other formulations. For example, humidity chambers help assess the effect of prolonged exposure
to moisture, which can lead to degradation or changes in the chemical structure of active pharmaceutical ingredients. Similarly,
in the food industry, these chambers help test the freshness, texture, and moisture content of food products, ensuring they maintain
quality under varying humidity conditions.

In electronics, humidity chambers are used to test devices for moisture-induced failures, such as corrosion, short circuits, or
performance degradation, which are critical for ensuring the reliability of gadgets and components exposed to humid
environments. Additionally, material scientists and engineers use humidity chambers to examine the properties of polymers,
coatings, and other materials, ensuring they can withstand different environmental factors. Overall, humidity chambers are a
critical tool for accelerated aging tests, ensuring that products are durable, stable, and suitable for the conditions they will
encounter in real-world usage.

Fig -10: Humidity chamber
3.11 SPRAY DRYER

A spray dryer is an industrial device used to transform liquid solutions or suspensions into dry powders through the application
of heat and atomization. The process begins with the liquid feed, which is usually a solution, suspension, or emulsion, being
atomized into a fine mist or droplets using a nozzle or rotary atomizer. This fine mist is then introduced into a hot air stream inside
a drying chamber. As the small droplets come into contact with the hot air, they rapidly lose moisture, causing the solvent or water
to evaporate, leaving behind fine, dry particles. The process happens quickly, often within seconds, making spray drying ideal for
heat-sensitive materials that might degrade in longer drying processes. Spray dryers are widely used in industries such as
pharmaceuticals, food and beverages, chemicals, and nutraceuticals.

In the pharmaceutical industry, spray drying is used to produce dry powders from liquid drug formulations, such as for inhalable
medications or powders for tablet manufacturing. In the food industry, it’s commonly used to produce powdered forms of dairy
products (like milk powder), flavorings, or instant coffee. The process allows for precise control over the size and characteristics
of the final powder, which is crucial for maintaining uniformity in the final product. The spray drying process can also be
optimized for particular applications, such as controlling particle size, moisture content, and bulk density, ensuring that the final
product meets specific quality and performance standards. The efficiency, speed, and ability to handle heat-sensitive materials
make spray drying an essential technique in many production processes.

The working of a spray dryer involves several key steps, beginning with the preparation of the liquid feed, which can be a solution,
suspension, or emulsion. This feed is pumped into the spray dryer, where it is atomized into a fine mist or droplets using a nozzle
or a rotary atomizer. Once atomized, the droplets are introduced into a hot air stream inside a drying chamber. The hot air, typically
heated to temperatures ranging from 150°C to 300°C, rapidly evaporates the moisture from the droplets, causing them to shrink
quickly and solidify into powder.
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The evaporation process occurs quickly, typically within seconds, which is particularly advantageous for drying heat-sensitive
materials, as it minimizes the risk of degradation.

As the drying continues, the moisture evaporates almost instantaneously, and the resulting solid particles (powder) are carried by
the air flow to a cyclone separator or a collection chamber, where they are separated from the airstream. The dry powder is then
collected, while the exhaust air is filtered or vented out. The temperature, air flow, and feed rate can be adjusted to control the
size, moisture content, and properties of the final powder, making the process highly versatile. Spray drying is ideal for producing
powders with uniform size distribution and free-flowing characteristics, which are critical for applications in industries like
pharmaceuticals, food production, and chemicals. The rapid drying process, combined with precise control over particle size and
moisture, makes spray dryers an essential tool for converting liquid substances into fine, dry powders efficiently.
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Fig-12: Spray drier

3.12 FREEZE DRYER

A freeze dryer is a device used to remove moisture from materials by sublimating ice directly into vapor, bypassing the liquid
phase. The process begins by freezing the material, which is then placed in a vacuum chamber. The pressure is reduced, and heat
is applied, causing the frozen water in the material to evaporate as vapor, leaving behind a dry, stable product. Freeze drying is
ideal for preserving heat-sensitive substances like pharmaceuticals, foods, and biological samples, as it maintains the integrity
of nutrients, active ingredients, and structure better than traditional drying methods. The final product is lightweight, easy to store,
and has a long shelf life, making freeze drying valuable for preservation.

A freeze dryer typically consists of several key components that work together to facilitate the sublimation process and
ensure the preservation of the material. The main components include a vacuum chamber, a condenser, a vacuum pump, and
a heating system. The vacuum chamber is where the frozen material is placed. It is sealed to create a low-pressure
environment, which is essential for the sublimation process, where ice transitions directly from solid to vapor without
passing through the liquid phase.

The condenser is located outside the chamber and is used to collect the evaporated moisture (vapor) from the chamber. It typically
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contains cold surfaces that cause the vapor to condense back into ice, preventing it from re-entering the chamber.

The vacuum pump helps reduce the pressure inside the chamber to the necessary levels for sublimation to occur. It removes the
air and moisture from the chamber, creating the vacuum. The heating system, often using heat plates or radiation, gently
applies heat to the frozen material, facilitating the sublimation process without damaging the product. Together, these components
enable the freeze-drying process, preserving the material's structure, nutrients, and active ingredients while significantly reducing
its moisture content for long-term storage.

The working of a freeze dryer involves three main stages: freezing, primary drying (sublimation), and secondary drying
(desorption). First, the material to be preserved, such as food, pharmaceuticals, or biological samples, is frozen to a very low
temperature, typically between -40°C and -80°C. This step is crucial because it locks the moisture in the form of ice. Once frozen,
the material is placed in a vacuum chamber, where the pressure is reduced by a vacuum pump, creating a low-pressure
environment.

In the primary drying phase, the chamber’s temperature is gradually increased, and the low pressure causes the ice to sublimate,
transitioning directly from solid to vapor without passing through the liquid phase. This process removes most of the moisture
from the material. The vaporized water is then captured in the condenser, where it freezes on cold surfaces, preventing it from
returning to the chamber. In the secondary drying phase, the remaining bound water, which is still trapped in the material, is
removed. The temperature is raised slightly to facilitate the evaporation of this residual moisture. Once the process is complete,
the material is dry, stable, and can be stored for extended periods with minimal risk of spoilage. Freeze drying is particularly
effective for preserving the texture, nutritional value, and active compounds of delicate substances, making it ideal for products
like medications, foods, and biological specimens. It makes it more convenient for transporting biological products.

A v

Fig-13: Freeze-drier
3.13 AMPOULE FILLING AND SEALING MACHINE

An ampoule filling and sealing machine is a specialized piece of equipment used in the pharmaceutical and biotechnology
industries to automatically fill, seal, and sterilize glass or plastic ampoules. These machines are designed to ensure the precise
filling of ampoules with liquids, such as injectable drugs, vaccines, or other sterile solutions, while maintaining strict standards
of hygiene and accuracy. The process begins with the ampoules being fed into the machine, where they are mechanically held in
place.

The machine then fills each ampoule with the desired quantity of liquid, typically through a vacuum or piston-based system,
which ensures a controlled and uniform fill. After filling, the ampoules move to the sealing station, where the open end of each
ampoule is heated by a flame or electrical sealing mechanism. This process melts the neck of the ampoule, forming a hermetic
seal that prevents contamination and preserves the sterility of the contents. Some machines also incorporate an induction sealing
system or flame sterilization to further ensure the safety and integrity of the product.

The machine is often equipped with additional features such as inspection systems to detect cracks, improper sealing, or filling
irregularities, ensuring that only compliant ampoules reach the packaging stage. Ampoule filling and sealing machines are
essential for large-scale production, offering high efficiency, precision, and automated control of critical parameters like fill
volume, sealing temperature, and inspection, making them indispensable for producing sterile injectable products safely and
reliably.

The working of an ampoule filling and sealing machine involves several critical stages that ensure the accurate filling, sealing,
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and sterilization of ampoules. First, empty ampoules are fed into the machine’s conveyor system, where they are mechanically
oriented and positioned for filling. The machine uses a precise filling mechanism—either a vacuum, piston, or peristaltic pump—
to accurately dispense the required amount of liquid into each ampoule. After the ampoules are filled, they move to the sealing
station, where the open ends of the ampoules are heated using a flame or electrical heat sealer, which melts and fuses the glass,
creating a hermetic seal.

This sealing process is essential for maintaining sterility and ensuring that the contents of the ampoules remain uncontaminated.
Some machines may also integrate sterilization features, such as flame sterilization or induction sealing, to ensure that any
microbes present on the ampoule neck are destroyed.

The applications of ampoule filling and sealing machines are vast and essential in industries where sterility and precise dosing
are paramount. In the pharmaceutical industry, these machines are used to fill and seal injectable drugs, vaccines, and biologics,
which require stringent measures to maintain sterility and stability. The technology is also used in the cosmetic and nutraceutical
industries for products like serums, oils, and other liquid formulations that need secure, tamper-evident packaging. The machine's
ability to ensure uniform filling, reliable sealing, and sterility makes it indispensable for large-scale production of ampoule-based
products. Additionally, the automated nature of these machines increases production efficiency, reduces human error, and ensures
consistency across batches, making them a crucial component in meeting regulatory standards and ensuring the saf ety and quality
of the final product.

Fig-14: Ampoule filling and sealing machine
3.14 GRANULATOR

A granulator is an equipment used in the pharmaceutical, food, chemical, and other industries to create granules from powders,
enhancing their flow ability, compressibility, and uniformity. Granulation is a process that involves agglomerating fine powders
into larger, cohesive particles, which can then be more easily processed or packaged. The granulation process is essential for
improving the characteristics of a powder, such as its ease of handling, flow properties, and uniformity of particle size. Granulators
are typically used in tablet and capsule production in the pharmaceutical industry, as well as in the production of powdered food
products.

Granulators come in several types, each designed to meet the specific needs of different industries and processes. The main types
include high-shear granulators, fluidized bed granulators, roller compactor granulators, low-shear granulators, and planetary
mixers, each having distinct features and applications.

Fig-15: Granulator
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3.15 HIGH-SHEAR GRANULATORS:

These are commonly used in pharmaceutical and food industries for wet granulation. The process involves mixing powders with
a liquid binder under high-speed mechanical force, producing dense and uniform granules. High-shear granulators are ideal for
applications requiring precise control over particle size and density.

Fig-16:High shear granulator

3.16 FLUIDIZED BED GRANULATORS:

These granulators use an upward flow of air to suspend and fluidize powders while spraying them with a binder solution. This
type of granulator can perform both wet granulation and dry granulation, offering advantages like faster drying times and better
heat transfer, making them suitable for heat-sensitive materials. They are widely used in the production of granules and coating
applications.
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Fig-17: Fluidized bed granulator

3.17 ROLLER COMPACTOR GRANULATOR:

Also known as dry granulators, these machines compress powder between two rollers to form dense sheets or slugs, which are
then broken into granules. This method does not require a liquid binder, making it ideal for moisture-sensitive materials. Roller
compactor granulators are used in industries where the material cannot tolerate heat or moisture.
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Fig-18: Roller compactor granulator
3.18 LOW SHEAR GRANULATOR:

These operate at slower speeds and exert less mechanical force during the granulation process. They are used to produce larger,
more fragile granules that are less compact. Low-shear granulators are typically used in the food and nutraceutical industries,
where the goal is to produce light, porous granules.

Fig-19: Low shear granulator
3.19 PLANETARY MIXERS:

These granulators feature mixing blades that rotate both on their own axis and around the axis of the container, providing uniform
mixing. Planetary mixers are versatile and can be used for both wet and dry granulation, making them ideal for batch processing
in industries like pharmaceuticals, food, and chemicals. They produce homogeneous, consistent granules with precise control
over particle properties.

Granulators are widely used across industries to enhance the quality and functionality of granular products. In the pharmaceutical
industry, they ensure uniform granules for tablet and capsule production, improving flow ability, compressibility, and dissolution.
In the food industry, granulators produce consistent granules for powdered products like instant soups and drink mixes, aiding in
solubility and shelf life. The chemical industry uses granulators to improve the flow and handling of powders, such as in fertilizers
and detergents. Additionally, in the cosmetic and nutraceutical industries, granulators are employed to create uniform granules
for products like exfoliating scrubs and supplements, ensuring product consistency and effectiveness.
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Fig-20 : Planetary mixers
3.20 HIGH SPEED HOMOGENIZER

A high-speed homogenizer is a laboratory or industrial device used to break down and mix substances into a uniform consistency
by applying intense mechanical shear forces. It is commonly used in industries like pharmaceuticals, food processing, cosmetics,
and biotechnology for emulsifying, dispersing, or mixing liquids, suspensions, and pastes. The device operates by forcing a
substance through a small gap or nozzle at high speeds, creating turbulent shear forces that break apart particles, droplets, or
phases, and promote uniformity in the mixture. In pharmaceutical applications, high-speed homogenizers are essential for creating
stable emulsions or suspensions, such as in oral solutions, creams, and injectable formulations. In the food industry, they are used
to produce smooth textures in products like sauces, beverages, and dairy items. The ability to achieve fine dispersion and
consistency makes high-speed homogenizers crucial for improving product stability, appearance, and performance in a variety of
formulations.

A high-speed homogenizer works by subjecting a mixture to intense mechanical shear forces to achieve uniformity in particle
size, texture, and consistency. The process begins when the material, typically a liquid or suspension, is drawn into the
homogenizer's chamber.

The substance is then forced through a narrow gap or nozzle at high speeds, which generates powerful turbulence and shear forces.
These forces break down larger particles, droplets, or phases into much smaller, more uniform sizes. The homogenizer often uses
a rotor-stator mechanism, where the rotor rapidly spins inside a stationary stator, creating high shear rates that help to emulsify,
disperse, or mix the material.

This rapid shear action ensures that different components of the mixture, such as oils and water in emulsions, are finely dispersed
and evenly distributed. The resulting product is smoother, more stable, and with improved bioavailability or consistency. High-
speed homogenizers are widely used in industries such as pharmaceuticals, where they help produce stable emulsions or
suspensions for oral or injectable drugs, and in food processing, where they ensure smooth textures in products like sauces, creams,
and beverages. By controlling the speed, pressure, and number of passes through the system, manufacturers can achieve precise
control over the product's characteristics.

High-speed homogenizers are widely used in pharmaceutical, food, cosmetics, and biotechnology industries for creating uniform,
stable emulsions, suspensions, and dispersions. In pharmaceuticals, they help in formulating injectable drugs, creams, and oral
suspensions with consistent particle size and stability. In the food industry, they are used to create smooth textures in products like
sauces, dressings, dairy items, and beverages. Cosmetics also rely on homogenizers for emulsifying creams, lotions, and serums,
ensuring uniform distribution of active ingredients. Overall, high-speed homogenizers are essential for improving product quality,
stability, and performance in various formulations.
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Fig 21: Homogenizer
CONCLUSION

In conclusion, pharmaceutical manufacturing and quality control rely heavily on the effective utilization of a wide range of industrial
instruments. Equipment such as tablet compression machines, dissolution and disintegration apparatus, friability testers, tapped
density testers, Monsanto hardness testers, fluidised bed processors, humidity chambers, spray dryers, freeze dryers, ampoule filling
machines, granulators and high-speed homogenisers play a vital role at various stages of formulation development, production and
evaluation.

A thorough understanding of the working principles, operational parameters and applications of these instruments enables
pharmaceutical professionals to ensure consistent product quality and process efficiency. Proper handling and maintenance of
equipment not only enhance productivity but also minimize errors, reduce batch failures and support regulatory compliance.
Therefore, comprehensive knowledge of pharmaceutical instruments remains fundamental for achieving safe, effective and high-
quality medicinal products.

This review summarizes the essential aspects of instrument handling in the pharmaceutical industry, emphasizing the critical role
of Standard Operating Procedures (SOPs) in ensuring accuracy, safety, consistency, and regulatory compliance. It highlights the
importance of proper operation, calibration, and maintenance of various instruments employed at different stages of pharmaceutical
manufacturing. Overall, effective instrument management combined with adherence to SOPs significantly contributes to product
quality, process efficiency, and compliance with industry standards.
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