
 

 

USE OF SPHERICAL TECHNOLOGIES 

 

USE OF SPHERICAL TECHNIQUES 

Spherical techniques are widely used to make particles spherical since spherical 
shape possesses properties suitable for their easy manufacturing. 
Spherical particles possess suitable properties like:-   

 Improvement in water solubility 

 Dissolution  

 Bioavailability 

 Flowability 

 Compressibility  

 Dosing problem 

 Stability  

 Toxicity. 
 
 

SPHERICAL TECHNIQUES AND THEIR ADVANTAGES 
 
In recent times, particle engineering/design techniques are widely used in 

pharmaceutical industries to modify primary (particle shape, size, crystal habit, 

crystal form, density, porosity dust generation etc) as well as secondary 

(flowability, compressibility, compactibility, consolidation, reduced adhesion of 

formulation to the processing equipment, reduction in air entrapment during 

processing, etc) properties of pharmaceuticals. Especially, improvement in the 

efficiency of the manufacturing process and high degree of particle functionality 

can be achieved by these techniques.  Though conventional techniques like wet 

and dry granulation enjoy wide popularity at the industrial scale, other novel 

techniques like extrusion-spheronization, fluidized bed granulation, spray drying, 

spray congealing, solution atomization and xtallization by sonication, melt 

solidification, melt sonocrystallisation, co-crystallization,  spherical crystallization 

(SC),  crystallo-co-agglomeration (CCA), etc have been considered as a value 

addition to existing ones. 

 



 

 

The spherical agglomerates obtained can be used as spansules or directly 

compressible agglomerates. They offer advantages like excellent flow characters, 

uniform size distribution, and reproducible packing/filling. Large surface area 

offered by spheres results in uniform distribution throughout gastro-intestinal 

tract (GIT) leading to reduction in the localized toxicity. Moreover, this uniform 

distribution may improve absorption and bioavailability of drug/s. Because of the 

low surface area-to-volume ratio compared to powder or granules, they can be 

considered as an excellent coating substrate. Spheres show improvement in the 

therapeutic qualities of dosage form due to good dosing and handling properties. 

They are less susceptible to dose dumping, and failure of a few units may not be 

as consequential as failure of a single-unit system. Another very important 

advantage of spheres lies in that they get least affected by the normal gastric 

emptying time and hence drug delivery using same is less prone to physiological 

variables. It has been reported that pellets smaller than about 2.4 mm diameter 

are free from digestive function of the stomach and the closing system of the 

pyloric sphincter to be emptied from the stomach. A maximum pellet diameter of 

1.5 mm has been recommended for an optimal multiple-unit formulation.   
 

 

 

SPHERICAL TECHNIQUES 
 
CONVENTIONAL TECHNIQUES:- 

1. Wet granulation 
2. Dry granulation 
3. Fluidized bed granulation 
4. Spray drying 
5. Spray congealing 

 

NOVEL TECHNIQUES:-  
 

1. SPHERICAL CRYSTALLIZATION:- 

Spherical crystallization is a particle design technique, by which crystallization and 

agglomeration can be carried out simultaneously in one step and which has been 

successfully utilized for improvement of flowability, compactability and 



 

 

bioavailability of crystalline drugs. General methods of spherical crystallization are 

spherical agglomeration, emulsion solvent diffusion and ammonia diffusion 

method. The principle steps involved in the process of spherical crystallization are 

flocculation zone, zero growth zone, fast growth zone and constant size zone. 

Factors controlling the process of agglomeration are solubility profile,mode and 

intensity of agitation, temperature of the system and residence time. Spherical 

crystallization is having wide applications in pharmaceuticals like improvement of 

flowability and compressibility of poorly compressible drugs, masking bitter taste 

of drugs and improving the solubility and dissolution rate of poorly soluble drug. 

 

Introduction 

Spherical crystallization is a particle design technique, by which crystallization and 

agglomeration can be carried out simultaneously in one step and which has been 

successfully utilized for improvement of flowability and compactability of 

crystalline drugs.  

 

Methods of spherical crystallization 
 
I. Spherical agglomeration 

A near saturated solution of the drug in the good solvent is poured into the poor 

solvent.Provided that the poor and good solvents are freely miscible and the 

affinity between the solvents is stronger than the affinity between the drug and 

the good solvent, crystals will precipitate immediately. In the spherical 

agglomeration method also a third solvent called the bridging liquid is added in a 

smaller amount to promote the formation of agglomerates.the size distribution of 

the agglomerates. The choice of bridging liquid has an influence on the rate of 

agglomeration and on the strength of the agglomerates.  

 

II. Emulsion solvent diffusion 

In the emulsion solvent diffusion the affinity between the drug and the good 

solvent is stronger than that of the good solvent and the poor solvent. The drug is 

dissolved in the good solvent, and the solution is dispersed into the poor solvent, 

producing emulsion (quasi) droplets, even though the pure solvents are miscible. 

The good solvent diffuses gradually out of the emulsion droplets into the 



 

 

surrounding poor solvent phase, and the poor solvent diffuses into the droplets 

by which the drug crystallizes inside the droplets. The method is considered to be 

simpler than the SA method, but it can be difficult to find a suitable additive to 

keep the system emulsified and to improve the diffusion of the poor solute into 

the dispersed phase. 

 

III. Ammonia diffusion method 

In this method, the mixture of three partially immiscible solvent i.e. acetone, 

ammonia water,dichloromethane was used as a crystallization system. In this 

system ammonia water acted as bridging liquid as well as good solvent, Acetone 

was the water miscible but a poor solvent,thus Drug precipitated by solvent 

change without forming ammonium salt. Water immiscible solvent such as 

hydrocarbons or halogenated hydrocarbons e.g. dichloromethane induced 

liberation of ammonia water.  

The principle steps involved in the process of spherical crystallization 

1. Flocculation Zone 

2. Zero Growth Zone 

3. Fast Growth Zone 

4. Constant Size Zone 

 

Applications of spherical crystallization in pharmaceuticals:- 

 Spherical crystallization technique has been successfully utilized for 

improvement of flowability and compressibility of crystalline drug. 

 This technique could enable subsequent processes such as separation, 

filtration, drying etc to be carried out more efficiently. 

 By using this technology, physicochemical properties of pharmaceutical 

crystals are dramatically improved for pharmaceutical process i.e. milling, 

mixing and tabletting because of their excellent flowability and packability.  

 This technique may enable crystalline form of a drug to be converted into 

different polymorphic form and thus attain better bioavailability. 

 For masking of the bitter taste of drug. 

 Preparation of microsponges, microspheres and nanaospheres, 

microbaloons, nanoparticles and micro pellets as novel particulate drug 

delivery system. 

http://www.pharmainfo.net/nanoparticles


 

 

2. EXTRUSION-SPHERONIZATION:- 

Definition of Spheronization:- 

Spheronization, or Maramuerization, is a rapid and flexible process where 
pharmaceutical products are made into small spheres, or spheroids. Spheronized 
products are relatively dense, of a uniform in size and shape and have defined 
surface characteristics. The flow characteristics of spheres makes them suitable 
for transportation by most systems found in the pharmaceutical industry. Spheres 
provide the lowest surface area to volume ratio and thus pharmaceutical 
compounds can be coated with a minimum of coating material. 

Introduction: 

Controlled and sustained release of drug application within the 

pharmaceutical industry require consistent smooth surface with a narrow size 

distribution, to ensure uniform coating and accurate free flow of granules for 

filling operations like capsule filling, and this can be achieved by extrusion 

spheronization technique. It is also possible to prepare a sustained release pellets 

without coating of the pellets by extrusion spheronization process.  

The main objective of the extrusion spheronization is to produce 

pellets/spheroids of uniform size with high drug loading capacity. Extrusion 

spheronization is a multiple process of wet mass extrusion followed by 

spheronization to produce uniform size spherical particles, called as spheroids, 

pellets, beads or matrix pellets depending upon the material as well as process 

used for extrusion spheronization. Extrusion Spheronization has been used in 

agrochemicals, detergent additives, sweeteners, food and now it is used in 

pharmaceuticals.  

Extrusion spheronization is primarily used for the production of 

multiparticulates for oral controlled drug delivery system. 

It is more labour intensive than other granulation method, but it is useful when 

uniform spherical shape, uniform size, good flow properties, reproducibility in 

packing, high strength, low friability and smooth surface of granules is desired. 

Extrusion spheronization process has gained world wide attention because it is a 

simple and fast processing technology. Any pharmaceutical products utilize 

pellets or beads as a drug delivery system can be effectively produced by the 



 

 

extrusion spheronization process. Wet mass extrusion and spheronization is 

established method for the production of spherical pellets, and are coated 

effectively to achieve controlled release product.  

The pellets or beads produced by the extrusion spheronization offer several 

advantages over conventional drug delivery system like; it produces spheroids 

with high loading capacity of active ingredient without producing extensively 

large particles. It produces particles of uniform size with narrow size distribution 

and good flow properties. Successful coating is applied to spheroid because of its 

spherical shape and low surface area to volume ratio.  

Pellets composed of different drugs can be blended and formulated in 

single unit dosage form that facilitates delivery of two or more chemically 

compatible or incompatible drug at the same or different site in GI tract. Pellets 

are frequently used in controlled release delivery system as it facilitates free 

dispersion of spheroids in the GI tract and offer flexibility for further modification. 

It improves the safety and efficiency of active ingredient. It helps to increase 

bioavailability of drugs by controlling or modifying the release rate of drugs. 

Extrusion Process: 

Extrusion is a method of applying pressure to a mass until it flows through 

an orifice or defined opening. The extruder utilizes a screw to develop the 

necessary pressure to force material to flow through uniform opening, producing 

uniform strands or extrudates. This operation is the major contributing factor in 

the final particle size. 

Spheronization Process: 

Spheronization or merumerization is the process of making extrudes in 

round shape. Extrusion spheronization follows mainly five steps that is mixing or 

blending, extrusion, spheronization, coating and finally drying, which can be 

explained/described as; dry mixing of ingredient to achieve homogenous powder 

dispersion followed by wet massing to produce a sufficient plastic mass and then 

extrusion to form rod shaped particles of uniform diameter followed by 

spheronization to round off these rod shaped particles into spherical particles 



 

 

with narrow size distribution. This is followed by drying to achieve desired final 

moisture content and finally screening to obtain desired size of spheres/pellets. 

Extrusion/spheronization begins with extrusion process in which the wet 

metered mass is placed into the extruder where it is continuously formed into 

cylindrical rods of uniform size and shape. Amount of granulating fluid and 

uniform dispersion of fluid plays an important role in preparation of wet mass as 

optimum plasticity and cohesiveness directly affect the final production of pellets. 

Once the extrudates are prepared, they are then taken to spheronizer where it is 

spheronized or rotated at higher speed by friction plate that breaks the rod 

shaped particles into smaller particles and round them to form spheres. The size 

of the spheroids mainly depends on the diameter of circular die that modifies the 

diameter of cylindrical rods produced in extrusion stage. 

HOT MELT EXTRUSION [HME] 

Researchers have investigated a new modified method for preparing matrix 

pellets for controlled release drug delivery system to overcome the disadvantages 

associated with wet mass extrusion and spheronization process which is called as 

a Hot Melt Extrusion (HME) method where a thermal agent softens or gets melted 

during the process to obtain matrix pellets.  

HME has been widely used technique in plastic industries and now it is used 

in pharmaceutical industries for formulation of sustained release, controlled 

release and transdermal as well as transmucosal drug delivery system. HME 

consists of thermal agent or polymer, an active ingredient, release modifying 

agents, bulking agents and processing agents.  

The HME offers some advantage over a wet mass extrusion and 

spheronization method, like; it is a simple, efficient and continuous process 

requires fewer processing stages. HME is continuous process as it does not 

require a lengthy drying stage since it does not involve addition of water or other 

solvent. The absence of water may prevent drug degradation as many drugs are 

unstable in presence of water. It produces a spherical shape pellets with narrow 

range particle size distribution. Reduce the loss of coating material during the 

coating process associated with wet mass extrusion process. It is a convenient 

technology for preparation of solid dispersion and solid solution for delivery of 



 

 

poorly soluble drug as it offers an advantage of solvent free formulation of solid 

dispersion. It helps to mask the bitter taste of the active ingredient. Poorly 

compatible materials can be incorporated into tablets produced by cutting an 

extruded rod. 

Hot melt extrusion is classified as the molten system under control and 

semisolid viscous system, in former case heat is applied to material in order to 

control its viscosity and enable it to flow through the die, while the later case is a 

multiphase concentrated dispersion where high solid content portion is mixed 

with liquid phase. HME process is divided in to four sections namely, feeding of 

extruder, conveying of mass [mixing and reduction of particle size], flow through 

the die and exit from the die and down stream processing. 

The advantages of Spheronization are:- 

1. Optimum Flow and Handling Characteristics 

 The flow characteristics of spheres make them suitable for transportation 
by most systems found in the pharmaceutical industry, including vacuum 
transfer. 

 2. More Reproducible Packing into Small Containers 

 The packing of small sphere into small containers, such as hard gelatin 
capsules, or larger packages is much more convenient than other dry forms 
such as powders or granules. 

 Eliminate quality problems with variable dosage due to packaging problems 
with powder 

3. Minimum Surface Area/Volume Ratio 

 Spheres provide the lowest surface area to volume ratio and thus 
pharmaceutical compounds can be coated with a minimum of coating 
material. Important for effective release of some drugs. 

 Spheres are a dense material that can easily be coated with a minimum of 
coating material 

4. Optimum Shape for Coating and for Controlled Release 



 

 

 Coating can provide controlled, targeted release at different locations 
within the body. Important for effective release of some drugs. 

 Spheres are a dense material that can easily be coated with a minimum of 
coating material 

 5. Easy mixing of non-compatible products 

 Spherical particles are easily mixed 
 Smooth spheres are an ideal base on which to apply a coating. 
 Minimum coating time and coating material used. 

 6. Elimination of Dust 

 The elimination of dust removes the hazards and problems associated with 
material in this form. 

 Contamination is reduced. 
 The amount of fines and dust will be reduced during transport and 

handling. 

 7. Improved Hardness and Friability 

 Dependant upon adhesive forces and surface characteristics 
 Spheronization increases the hardness and reduces friability of granules 

 8. Improved Packing of Beds and Columns 

 In some chemical processes porous beds or packed columns are used as 
chemicals reactors and catalysts 

 Spherical surfaces allow the reproduction of beds with always the same 
volume of void spaces 

 Modeling and calculations are easier when the products flow around 
symmetrical bodies 

 

3. CRYSTALLO-CO-AGGLOMERATION 

            Crystallo-co-agglomeration (CCA) is a novel particle engineering/design 

technique developed to overcome the limitations of spherical crystallization (SC). 

Basically, it's single step process used for size enlargement of single, two or more, 

small dose or large dose drugs, in combination with or without diluent. The 



 

 

process of CCA involves simultaneous crystallization and agglomeration of drug/s 

with/without excipients/s from good solvent and/or bridging liquid by addition of 

a non-solvent. The spherical agglomerates obtained by CCA can be used as intact 

beads (encapsulated spansules) or directly compressible tablet intermediates 

having satisfactory micromeritic (flowability), mechanical (friability, crushing), 

compressional (compressibility, compactibility), and drug release properties. 

Modified drug release from agglomerates and compacts thereof can be achieved 

using suitable polymer composition in the process design. Thus, it can be 

concluded that, CCA is a simple and cost effective process, which can be tailor-

made for particle design of all majority of drugs and combinations thereof. 

 Need and Importance of CCA 

           The spherical agglomerates prepared by the CCA technique have 

shown improvement in micrometric, mechanical, and compressional 

properties.  With the use of suitable excipients and polymers, modified drug 

release has also been achieved from drug-loaded agglomerates or compacts 

thereof. In nutshell, agglomerates obtained by this technique can be used as 

directly compressible tablet intermediates and or spansules meeting all 

advantages offered by spheroids. 

  

PREPARATION OF CCA 

             In CCA, simultaneous crystallization and agglomeration of particles are 

carried out in a single step and spherical agglomerates are obtained. The 

system design for CCA recommends use of good solvent to solublise drug/s, 

non-solvent to cause precipitation/crystallisation of drug/s and the bridging 

liquid which essentially has to be immiscible with non-solvent to form the liquid 

bridges between crystallized particles and insoluble solids during the process of 

agglomeration. Sometimes bridging liquid acts as a good solvent also. Till date, 

two methods have been developed for CCA.  Solvent change method involves 

simultaneous crystallization and agglomeration of two or more drugs from a 

good solvent and bridging liquid by addition of a non-solvent. The second 

method involves crystallization of drug from a system containing a good solvent 

and bridging liquid and its simultaneous agglomeration with insoluble 

drug/diluent by addition of a non-solvent. Selection of either of these methods 

requires knowledge of the physicochemical properties of drug and solvent 



 

 

system. 

  Limitations of CCA:-     

 Use of organic solvent cannot be avoided. 

 It’s difficult to have the similar physico-chemical properties of drug 
combinations to be crystallo-co-agglomerated. Their simultaneous 
crystallization at the same solvent, pH, or temperature condition is difficult.  

 External/processing phase volume is always more, due to which drug losses 
may get increased. 

 Technique has multiple formulation and process variables, hence, difficulty in 
reproducibility. 

 Filtration and drying stages are difficult to be scaled up. 

 

4. SOLUTION ATOMIZATION & XTALLIZATION BY SONICATION 

Purpose: 

The optimisation of particle size, shape and surface morphology is of profound 

importance in the deaggregation and dispersion efficiency of therapeutic aerosols. 

This study describes the development of a novel process to produce respirable 

sized particles and their in-vitro performance in model DPI and pMDI 

formulations. 

 

Methods: 

Solutions of active pharmaceutical ingredients were atomised by either an 

electrohydrodynamic or high pressure driven  aerolisation system. The aerosol 

droplets were subsequently collected at controlled separation distance in a non-

solvent of the drug. To initiate controlled primary nucleation and crystal growth 

within the highly supersaturated droplets ultrasonic energy was introduced into 

the system. Particles were subsequently collected by filtering and drying. 

Conventional suspension based pressurised metered-dose and dry powder inhaler 

formulations were prepared and their in-vitro delivery characteristics compared to 

micronised drug. 

 

 



 

 

Results: 

Physical characterisation of the SAXS particles showed an improved sphericity, a 

narrow size distribution and greater degree of crystallinity when compared with 

micronized particles.  

 

5. PASTILLATION 
 

            It provides an efficient, cost effective process for the continuous converting 

of molten products into uniform, round and dust free granules ideal for bagging, 

transporting and bulk material handling systems. The pastillation process has the 

flexibility to produce pastille sizes ranging from 1-25 mm in diameter and with 

viscosities ranging from 5 – 30,000 mPas (cP), based upon processing conditions 

and need. 

 
TECHNOLOGIES AVAILABLE ARE:- 

 GS PASTILLATION SYSTEM 

 ACCUDROP PASTILLATION SYSTEM 

 ROLLDROP PASTILLATION SYSTEM 

 ROLLMAT PASTILLATION SYSTEM 

 ZN PASTILLATION SYSTEM 
 

6. SONOCRYSTALLIZATION & MELT SONOCRYSTALLIZATION:- 

             Ultrasound (US) was introduced in the traditional process of pharmaceutical 

technology of few years ago. For instance, several workers reported US assisted 

compaction and US spray congealing of variety of systems where physical 

modification of structure of drug or excipients was done to improve drug release 

and compaction properties of drug. Besides these effects on solid, US may also act 

on a liquid or melt mixtures causing cavitation and extreme molecular motion, 

which divides the drop of material into number of microdrops of narrow size range. 

One of the mechanical effects cause by ultrasonification is disaggregation or 

deagglomeration of the particle assembling. Cavitation is an important 

phenomenon of ultrasonication. The energy produced due to the collapse of 

bubbles at very high temperature was responsible for breaking of particles. The so 



 

 

generated shock waves can cause the particle collide into one another with great 

force since these are similar charge particles problem of agglomeration is greatly 

reduced. There are reports on application of ultrasonic (US) energy during 

crystallization, i.e. sonocrystallization. US energy has been used to achieve 

nucleation at moderate super saturation during the crystallization process or 

terminal treatment to achieve deagglomeration and to obtain desired crystal habit.  

In this technique nucleation & crystallization steps are modified with reduced 

metastable zone & nucleation occurring at lower degees of supersaturation. Thus 

this approach is applied for those systems that are difficult to nucleate.  Involves 

the mechanism for induction of supersaturation by ultrasound formation of very 

fine crystals by rapid nucleation & crystal growth as a result of insonaton during 

precipitation process. 

Eg:- 

Melt sonocrystallization (MSC) for a drug forming a viscous melt celecoxib when 
processed below its glass transition temperature. A molten mass of drug was 
poured in a vessel containing deionized water, maintained at 40°C using 
cryostatic bath, and sonicated for 1 min using probe ultrasonicator at an 
amplitude of 80% and a cycle of 0.8 per second.  

 

 

 

 

 

 

 


