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 Introduction 

Microencapsulation  is  a  rapidly  expanding  technology.  As  a  process,  it  is  a  means  of  applying 
 relatively  thin  coatings  to  small  particles  of  solids  or  droplets  of  liquids  and  dispersions. 


Microencapsulation  is  arbitrarily  differentiated  from  macro-coating  techniques  in  that  the  former 
 involves  the  coating  of  particles  ranging  dimensionally  from  several  tenths  of  a  micron  to  5000 
 microns in size. As the technology has developed, it has become apparent that the concept offers the 
 industrial pharmacist a new working tool. Microencapsulation provides the means of converting liquids 
 to  solids,  of  altering  colloidal  and  surface  properties,  of  providing  environmental  protection,  and  of 
 controlling  the  release  characteristics  or  availability  of  coated  materials.  The  uniqueness  of 
 microencapsulation is the smallness of the coated particles and their subsequent use and adaptation to a 
 wide  variety  of  dosage  forms  and  product  applications,  which  heretofore  might  not  have  been 
 technically feasible. Because of the smallness of the particles, drug moieties can be widely distributed 
 throughout the gastrointestinal tract, thus potentially improving drug absorption. 


Microencapsulation  is  receiving  considerable  attention  fundamentally,  developmentally,  and 
 commercially,  however,  this  new  technology  does  not  exclude  problem  areas;  for  instance,  no  single 
 microencapsulation  process  is  adaptable  to  all  core  material  candidates  or  product  applications. 


Difficulties, such as incomplete or discontinuous coating, inadequate stability or shelf-life of sensitive 
pharmaceuticals,  nonreproducible  and  unstable  release  characteristics  of  coated  products,  and 
economic  limitations  often  are  encountered  in  the  attempt  to  apply  a  particular  microencapsulation 
method  to  a  specific  task.  Many  times,  successful  adaptation  is,  in  part,  a  result  of  the  technical 
ingenuity  of  the  investigators.  This  chapter  presents  a  description  of  the  more  prominent 
microencapsulation  methods  and  some  of  their  capabilities  and  limitations.  The  microencapsulation 
methods discussed are air suspension, coacervation-phase separation, spray drying and congealing, pan 
coating, and solvent evaporation techniques. 
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 Applications  

The  applications  of  microencapsulation  might  well  include  sustained-release  or  prolonged-action 
 medications,  taste-masked  chewable tablets,  powders  and  suspensions,  single-layer  tablets  containing 
 chemically  incompatible  ingrethents,  and  new  formulation  concepts  for  creams,  ointments,  aerosols, 
 dressings,  plasters,  suppositories,  and  injectables.  Pharmaceutically  related  areas,  such  as  hygiene, 
 diagnostic aids, and medical equipment design, also are amenable to microencapsulation applications. 


Two  important  areas  of  current  microencapsulation  application  are  the  stabilization  of  core  materials 
 and the control of the release of core materials. 


1. Stabilization of core material 


The following examples illustrate the concept of improved stabilization. Microencapsulation of certain 
vitamins  to  retard  degradative  losses  has  been  practiced  for  many  years.  The  potency  retention 
properties of a microencapsulated vitamin A palmitate oil are illustrated in Figure 1. 
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Fig 1. Stability of a microencapsulated vitamin A compared with an unencapsulated control. 


The conversion of volatile liquids to dry, free-flowing powders with subsequent retention of the liquid 
 core material during extended storage is another example of stabilization. Figure 2 shows the stability 
 profiles  of  volatile  carbon  tetrachloride,  methyl  salicylate,  and  peppermint  flavor  after 
 microencapsulation.  


Fig 2. Stability profiles of microencapsulated volatile liquids 


2. Control of the release of core materials 


The  release  properties  of  microencapsulated  materials  require  detailed  consideration,  as  the  coated 
material must be released in a predictable and reproducible manner. A wide variety of mechanisms is 
available to release encapsulated core materials. Disruption of the coating can occur by pressure, shear, 
or abrasion forces, any of which affords a release mechanism. Other mechanisms involve permeability 
changes brought about enzymatically. Also, release can be achieved from inert coatings by diffusion or 
leaching of a permeant fluid. The rate of release is a function of the permeability of the coating to the 
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extraction fluid; the permselectivity, if any, of the coating to core material solute; the dissolution rate 
 of the  core material; the coating  thickness; and the  concentration  gradient  existing across the  coating 
 membrane. 


Prolonged-action or sustained-release formulations are obvious examples of controlled release from 
 microencapsulated  products,  and  Figure  3  demonstrate  the  versatility  of  microencapsulation  process 
 and  coating  material.  The  in  vitro  release  patterns  achieved  by  applying  varied  amounts  of  an 
 ethylcellulose  coating  to  aspirin  using  coacervation  phase-separation  encapsulation  techniques  are 
 shown  in  Figure  3.  Release  of  the  aspirin  is  accomplished  in  this  case  by  a  leaching  or  diffusion 
 mechanism from the inert, pH-insensitive ethylcellulose coating. 


Fig. 3. In vitro release patterns of ethylcellulose microencapsulated aspirin. A, 52% coating; B, 29% 


coating; C, 16% coating; D, 13% coating. 
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 FORMULATION CONSIDERATIONS

The  realization  of  the  potential  that  microencapsulation  offers  involves  a  basic  understanding  of  the 
 general properties of microcapsules, such as the nature of the core and coating materials, the stability 
 and  release  characteristics  of  the  coated  materials,  and  the  microencapsulation  methods.  One  should 
 note,  however,  that  the  method  employed  in  the  manufacture  of  microcapsules  may  well  result  in 
 products of varied composition, quality, and utility. 


Core Material 


The core  material, defined  as  the  specific  material  to  be  coated,  can  be  liquid  or  solid  in  nature. 


The  composition  of  the  core  material  can  be  varied,  as  the  liquid  core  can  include  dispersed  and/or 
 dissolved  material.  The  solid  core  can  be  a  mixture  of  active  constituents,  stabilizers,  diluents, 
 excipients, and release-rate retardants or accelerators. The ability to vary the core material composition 
 provides  definite  flexibility  and  utilization  of  this  characteristic  often  allows  effectual  design  and 
 development of the desired microcapsule properties. 


It is not possible to discuss, or even list, all of the potential core materials and product applications that 
 are  or  may  be  amenable  to  microencapsulation.  However,  to  aid  in  illustrating  the  diversity  of  the 
 materials and their applications, some of these products are listed in Table 1. 


TABLE 1. Properties of Some Microencapsulated Core Materials 
 Core Material  Characteristic 


Property 


Purpose of Encapsulation  Final Product 
 Form 


Acetaminophen  Slightly water-
 soluble solid 


Taste-masking  Tablet 
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Activated charcoal  Adsorbent  Selective sorption  Dry powder 


Aspirin  Slightly water- 


soluble solid 


Taste-masking;  


sustained release;  


reduced gastric  


irritation; separation of  
 incompatibles 


Tablet or capsule 


Islet of Langerhans  Viable cells  Sustained normalization 
 of diabetic condition  


Injectable 


Isosorbide Dinitrate  Water-soluble solid  Sustained release  Capsule 
 Liquid crystals   Liquid   Conversion of liquid to 


solid; stabilization 


Flexible film for 
 thermal mapping of 
 anatomy 


Menthol/methyl 
 salicylate camphor 
 Mixture 


Volatile solution  Reduction of volatility; 


sustained release 


Lotion 


Progesterone  Sligtly water-
 soluble solid 


Sustained release  Varied 


Potassium Chloride  Highly water- soluble 
 solid 


Reduced gastric irritation  Capsule 


Urease   Water-soluble enzyme  Permselectivity of enzyme, 
 substrate, and reaction 
 products  


Dispersion 


Vitamin A Palmitate  Nonvolatile liquid  Stabilization to oxidation  Dry powder 


Coating Materials 


The  selection  of  a  specific  coating  material  from  a  lengthy  list  of  candidate  materials  presents  the 
following questions to be considered by the research pharmacist. 
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1.  What  are  the  specific  dosage  or  product  requirements—stabilization,  reduced  volatility,  release 
 characteristics, environmental conditions, etc? 


2.  What coating material will satisfy the product objectives and requirements? 


3.  What microencapsulation method is best suited to accomplish the coated product objectives? 


The selection of the appropriate coating material dictates, to a major degree, the resultant physical and 
 chemical  properties  of  the  microcapsules,  and  consequently,  this  selection  must  be  given  due 
 consideration. The coating material should be capable of forming a film that is cohesive with the core 
 material;  be  chemically  compatible  and  nonreactive  with  the  core  material;  and  provide  the  desired 
 coating  properties,  such  as  strength,  flexibility,  impermeability,  optical  properties,  and  stability.  The 
 coating  materials  used  in  microencapsulation  methods  are  amenable,  to  some  extent,  to  in  situ 
 modification.  For  example,  colorants  may  be  added  to  achieve  product  elegance  or  masking,  or 
 coatings  may  be  plasticized  or  chemically  altered  through  cross-linking,  for  instance,  to  achieve 
 controlled dissolution or permeability. A partial listing of typical coating materials commonly used in 
 the various microencapsulation methods is suggested in Table 2. 


TABLE 2. Representative Coating Materials and Applicable Microencapsulation Process 


Coating Materials   Processes 


Multiorifice


— 


Centrifugal 


Phase 
 Separation


— 


Coacervatio
 n 


Pan 
 Coating 


Spray 
 Drying 


and 
 Congeali
 ng 


Air 
 Suspensio
 n 


Solvent 
 Evapor


- 
 ation 


Water-soluble resins 


Gelatin  X  X  X  X  X  X 


Gum arabic  X  X  X  X  X 


Starch  X  X  X  X 


Polyvinylpyrrolidone  X  X  X  X  X 
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Carboxymethylcellulose    X  X  X  X 


Hydroxyethylcellulose  X  X  X  X  X 


Methylcellulose  X  X  X  X 


Arabinogalactan  X  X  X  X 


Polyvinyl alcohol  X  X  X  X  X  X 


Polyacrylic acid  X  X  X  X  X 


Water-insoluble resins 


Ethylcellulose  X  X  X  X  X 


Polyethylene  X  X  X 


Polymethacrylate  X  X  X  X  X 


Polyamide (Nylon)  X  X 


Poly [Ethylene-Vinyl 
 acetate] 


X  X  X  X  X 


Cellulose nitrate  X  X  X  X  X 


Silicones  X  X 


Poly (lactide-co-
 glycolide) 


X  X  X 


Waxes and lipids 


Paraffin  X  X  X  X  X 


Carnauba  X  X  X 


Spermaceti  X  X  X  X 


Beeswax  X  X  X 


Stearic acid  X  X 


Stearyl alcohol  X  X  X 


Glyceryl stearates  X  X  X 


Enteric resins 


Shellac  X  X  X  X 


Cellulose acetate 
 phthalate 


X  X  X  X  X 


Zein  X  X 
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It is not within the scope of this discussion to describe the physical and chemical properties of coatings 
 per  se.  It  is  pointed  out,  however,  that  typical  coating  properties  such  as  cohesiveness,  permeability, 
 moisture  sorption,  solubility,  stability,  and  clarity  must  be  considered  in  the  selection  of  the  proper 
 microcapsule  coating  material.  The  selection  of  a  given  coating  often  can  be  aided  by  the  review  of 
 existing literature and by the study of free or cast films, although practical use of free-film information 
 often is impeded for the following reasons. 


1. Cast or free films prepared by the usual casting techniques yield films that are considerably thicker 
 than those produced by the microencapsulation of small particles; hence, the results obtained from the 
 cast films may not be extrapolatable to the thin microcapsule coatings. 


2. The particular microencapsulation method employed for the deposition of a given coating produces 
 specific and inherent properties that are difficult to simulate with existing film-casting methods. 


3. The core material may have a decisive effect on coating material properties. 


Hence,  the  selection  of  a  particular  coating  material  involves  consideration  of  both  classic  free-film 
data and applied results. 
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Fig. 4. Theoretic coating thickness for core material having various amounts of coating.  


As  previously  stated,  the  uniqueness  of  microcapsules  in  their  properties  and  use  involves  their 
 characteristic smallness. Consequently, the protective coatings that are applied are quite thin. Although 
 the active content of many microencapsulated products can be varied from a few percent to over 99%, 
 the effective coating thickness that can be realized, regardless of the method of application employed, 
 varies from tenths of a micron to a  few hundred microns, depending on the coating-to-core ratio and 
 the particle size (surface area) of the core material. Figure 4 illustrates the theoretic film thickness that 
 can be applied to small spherical particles. The thinness of microencapsulation coatings, although not 
 necessarily  limiting,  must  be  of  prime  consideration.  Just  as  the  smallness  of  microcapsules  allows 
 unique properties and formulations to be accomplished, the thinness of the resultant coatings also can 
 present  unique  problems.  For  example,  most  polymers  exhibit  microscopic  discontinuities  and  some 
 degree  of  ordered  or  random  crystallinity.  The  total  thickness  of  the  coatings  achieved  with 
 microencapsulation  techniques  is  microscopic  in  size,  and  therefore,  what  might  be  a  minor  non-
 homogeneity  occurring  on  the  surface  of  a  5-mil  coating  can  penetrate  the  entire  thickness  of  a 
 microencapsulation coating. 


METHODOLOGY


Microencapsulation  methods  that  have  been  or  are  being  adapted  to  pharmaceutical  use  include  air 
suspension,  coacervation-phase  separation,  spray  drying  and  congealing,  pan  coating,  and  solvent 
evaporation  techniques.  Other  microencapsulation  techniques  such  as  vacuum  deposition  and 
polymerization are not currently applicable to pharmaceutical preparations. The physical nature of the 
core materials and the particle size ranges applicable to each process are given in Table 3.  
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 TABLE 3. Microencapsulation Processes and Their Applicabilities 

Microencapsulation  
 Process 


Applicable Core 
 Material 


Approximate 
 Particle Size (μm) 


Air suspension  Solids  35-5000* 


Coacervation-phase 
 Separation 


Solids & liquids  2-5000* 


Multi orifice  
 Centrifugal 


Solids & liquids  1-5000* 


Pan coating   Solids  600-5000* 


Solvent evaporation   Solids & liquids  5-5000* 


Spray drying and  
 Congealing 


Solids & liquids  600 


*The 5000 μm size is not a particle limitation. The methods are also applicable to macrocoating, i.e., 
 particles greater than 5000 μm to size. 
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 1. Air Suspension 

Microencapsulation  by  air  suspension  techniques  is  generally  ascribed  to  the  inventions  of  Professor 
 Dale  E.  Wurster  during  his  tenure  at  the  University  of  Wisconsin.  Basically,  the  Wurster  process 
 consists of the dispersing of solid, particulate core materials in a supporting air stream and the spray-
 coating  of  the  air-suspended  particles.  Figure  5  depicts  a  type  of  the  Wurster  air  suspension 
 encapsulation unit.  


Fig. 5. Schematic drawings of Wurster Air Suspension Apparatus 


Within the coating chamber, particles are suspended on an upward  moving air stream as indicated in 
the drawing. The design of the chamber and its operating parameters effect a recirculating flow of the 
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particles through the coating zone portion of the chamber, where a coating material, usually a polymer 
 solution, is spray-applied to the moving particles. During each pass through the coating zone, the core 
 material  receives  an  increment  of  coating  material.  The  cyclic  process  is  repeated,  perhaps  several 
 hundred  times  during  processing,  depending  on  the  purpose  of  microencapsulation,  the  coating 
 thickness  desired,  or  whether the  core  material particles are thoroughly encapsulated. The supporting 
 air stream also serves to dry the product while it is being encapsulated. Drying rates are directly related 
 to the volume temperature of the supporting air stream. 


Processing variables that receive consideration for efficient, effective encapsulation by air suspension 
 techniques include the following: 


1.  Density,  surface  area,  melting  point,  solubility,  friability,  volatility,  crystallinity,  and 
 flowability of the core material. 


2.  Coating material concentration (or melting point if not a solution). 


3.  Coating material application rate. 


4.  Volume of air required to support and fluidize the core material. 


5.  Amount of coating material required. 


6.  Inlet and outlet operating temperatures. 


The air suspension process offers a wide variety of coating material candidates for microencapsulation. 


The process has the capability of applying coatings in the form of solvent solutions, aqueous solutions, 
 emulsions, dispersions, or hot melts in equipment ranging in capacities from one pound to 990 pounds.  


A partial listing of the coating materials is listed in Table 2. The coating material selection appears to 
be  limited  only  in  that  the  coating  must  form  a  cohesive  bond  with  the  core  material.  The  process 
generally is considered to be applicable only to the encapsulation of solid core materials as indicated in 
Table 3.  
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Indirectly,  however,  liquids  can  be  encapsulated  by  the  process  at  relatively  low  active  levels  by 
 coating  solid  sorbents.  In  regard  to  particle  size,  the  air  suspension  technique  is  applicable  to  both 
 microencapsulation  and  macroencapsulation  coating  processes.  The  practical  particle  size  range  for 
 microencapsulation, however, is considered to be in excess of 74 microns. Under idealized conditions, 
 particles  as  small  as  37  microns  can  be  effectively  encapsulated  as  single  entities.  Core  materials 
 comprised  of  micron  or  submicron  particles  can  be  effectively  encapsulated  by  air  suspension 
 techniques, but agglomeration of the particles to some larger size is normally achieved. 


2. Coacervation-Phase Separation 


Microencapsulation  by  coacervation-phase  separation  is  generally  attributed  to  The  National  Cash 
 Register  (NCR)  Corporation  and  the  patents  of  B.  K.  Green. The  general  outline  of  the  processes 
 consists of three steps carried out under continuous agitation: (1) formation of three immiscible phases; 


(2) deposition of the coating; and (3) rigidization of the coating (Figure 6). 
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Step 1. Core and Liquid Coating in Vehicle      Step 2. Deposition of Liquid Coating Material 


      


      


       Step 3. Completed Capsules in Vehicle 


Fig. 6. Schematic representation of phase-separation/coacervation process.  


Step 1 of the process is the formation of three immiscible phases: a liquid manufacturing vehicle phase, 
a  core  material  phase,  and  a  coating  material  phase.  To  form  the  three  phases,  the  core  material  is 
dispersed  in  a  solution  of  the  coating  polymer,  the  solvent  for  the  polymer  being  the  liquid 
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manufacturing  vehicle  phase.  The  coating  material  phase,  an  immiscible  polymer  in  a  liquid  state,  is 
 formed  by  utilizing  one  of  the  methods  of  phase  separation-coacervation,  that  is,  by  changing  the 
 temperature of the  polymer  solution; or  by adding  a  salt,  nonsolvent,  or  incompatible  polymer  to  the 
 polymer  solution;  or  by  inducing  a  polymer-polymer  interaction.  These  general  modes  of  effecting 
 phase separation are discussed in detail later. 


Step 2 of the process consists of depositing the liquid polymer coatings upon the core material. This is 
 accomplished  by  controlled,  physical  mixing  of  the  coating  material  (while  liquid)  and  the  core 
 material  in  the  manufacturing  vehicle.  Deposition  of  the  liquid  polymer  coating  around  the  core 
 material  occurs  if  the  polymer  is  adsorbed  at  the  interface  formed  between  the  core  material  and  the 
 liquid  vehicle  phase,  and  this  adsorption  phenomenon  is  a  prerequisite  to  effective  coating.  The 
 continued  deposition  of  the  coating  material  is  promoted  by  a  reduction  in  the  total  free  interfacial 
 energy  of  the  system,  brought  about  by  the  decrease  of  the  coating  material  surface  area  during 
 coalescence of the liquid polymer droplets. 


Step 3 of the process involves rigidizing the coating, usually by thermal, cross-linking, or desolvation 
 techniques, to form a self-sustaining microcapsule. 


Because of the latitude in the material systems associated with the utilization of this general scheme of 
 accomplishing microencapsulation, a representative example to illustrate each method is given here. 


Temperature  Change.  Figure  7  illustrates  a  general  temperature-composition  phase  diagram  for  a 
binary  system  comprised  of  a  polymer  and  a  solvent.  A  system  having  an  overall  composition, 
represented  as  point  X  on  the  abscissa,  exists  as  a  single-phase,  homogeneous  solution  at  all  points 
above the phase-boundary or binodal curve, FEG. As the temperature of the system is decreased from 
point  A  along  the  arrowed  line AEB, the  phase  boundary  is  crossed  at  point  E,  and  the  two-phase 
region  is  entered.  Phase  separation  of  the  dissolved  polymer  occurs  in  the  form  of  immiscible  liquid 
droplets,  and  if  a  core  material  is  present  in  the  system,  under  proper  polymer  concentration, 
temperature, and  agitation conditions, the  liquid polymer  droplets coalesce  around the dispersed core 
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material particles, thus forming the embryonic microcapsules. The phase-boundary curve indicates that 
 with decreasing temperature, one phase becomes polymer-poor (the microencapsulation vehicle phase) 
 and the second phase (the coating material phase) becomes polymer-rich. At point B, for instance, the 
 segmented  tie-line  suggests  that  vehicle  phase  is  essentially  pure  solvent,  point  C,  whereas  the 
 coexisting phase, point D, is a concentrated polymer-solvent mixture. In practice, the loss of solvent by 
 the  polymer-rich  phase  can  constitute  gelation  of  polymer,  and  hence  rigidization  or  solidification  of 
 the microcapsule polymeric coating. 


Fig. 7. Temperature induced coacervation- phase-separation 


The  following  example  illustrates  a  microencapsulation  procedure  that  utilizes  the  phase-
separation/coacervation  principle.  Ethylcellulose,  a  water-insoluble  polymer,  is  applied  to  a  water-
soluble  core  material  by  utilizing  the  temperature-solubility  characteristics  of  the  polymer  in  the 
cyclohexane.  Ethylcellulose,  with  high  ethoxyl  content,  is  insoluble  in  cyclohexane  at  room 
temperature,  but  is  soluble  at  elevated  temperatures.  Thus,  ethylcellulose  (2%,  w/v)  is  added  to 
cyclohexane and mixture is heated to the boiling point to form a homogeneous polymer solution. The 
core material is dispersed in the solution with stirring. Allowing the mixture to cool, with continuous 
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stirring, effects phase-separation/coacervation of the ethylcellulose and microencapsulation of the core 
 material.  Allowing  the  mixture  to  cool  further  to  room  temperature  accomplishes  gelation  and 
 solidification  of  the  coating.  The  microencapsulated  product  can  then  be  collected  from  the 
 cyclohexane by filtration, decantation, or centrifugation technique. 


Incompatible  Polymer  Addition.  Liquid  phase  separation  of  a  polymeric  coating  material  and 
 microencapsulation  can  be  accomplished  by  utilizing  the  incompatibility  of  dissimilar  polymers 
 existing  in  a  common  solvent.  Microencapsulation  using  this  phenomenon  is  best  described  by 
 considering the process in conjunction with the general phase diagram shown in Figure 8.  


Fig. 8. Coacervation- phase separation induced by the addition of an incompatible polymer.  


The  diagram  illustrates  a  ternary  system  consisting  of  a  solvent,  and  two  polymers,  X  and  Y.  If  an 
immiscible core material is dispersed in a solution of polymer Y (point A in Figure 8) and polymer X 
is added to the system, denoted by the arrowed line, the phase boundary will be crossed at point E. As 
the two-phase region is penetrated with the further addition of polymer X, liquid polymer, immiscible 
droplets  form  and  coalesce  to  form  embryonic  microcapsules.  The  coating  of  the  microcapsules 
existing  at  point  B,  for  example,  consists  of  a  concentrated  solution  of  polymer  Y  dispersed  in  a 
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solution  comprised  principally  of  polymer  X,  as  indicated  by  the  segmented  tie-line  and  the  phase-
 boundary intercepts C and D. The polymer that is more strongly adsorbed at the core material-solvent 
 interface, in this case polymer Y, becomes the coating material. The technique has been represented by 
 addition  of  polybutadiene  to  ethylcellulose  solution  (2%  by  weight)  in  toluene.  The  polybutadiene, 
 being  quite  soluble  in  toluene  and  incompatible  with  ethylcellulose,  effects  the  demixing  of  the 
 ethylcellulose  from  the  polybutadiene  toluene  solution,  and  subsequent  microencapsulation  of  the 
 dispersed core material. The ethylcellulose coating is solidified by adding a nonsolvent such as hexane. 


Nonsolvent Addition. A liquid that is a nonsolvent for a given polymer can be added to a solution of 
 the  polymer  to  induce  phase  separation.  The  resulting  immiscible,  liquid  polymer  can  be  utilized  to 
 effect  microencapsulation  of  an  immiscible  core  material  as  illustrated  in  the  following  example.  A 
 5%, weight to volume, methyl ethyl ketone solution of cellulose acetate butyrate is prepared, and in it, 
 micronized  methylscopolamine  hydrobromide  is  dispersed  with  stirring.  A  core-material  to  coating-
 material  ratio  of  about  2:1  is  used.  The  resulting  mixture  is  heated  to  55°C,  and  isopropyl  ether,  a 
 nonsolvent  for  the  coating  polymer,  is  added  slowly  to  effect  phase-separation/coacervation  and 
 microencapsulation of the suspended core material. The system is slowly cooled to room temperature, 
 and the microencapsulated particles are separated by centrifugation, washed with isopropyl ether, and 
 dried in vacuum. 


Salt  Addition.  Soluble  inorganic  salts  can  be  added  to  aqueous  solutions  of  certain  water-soluble 
 polymers  to  cause  phase  separation.  The  following  example  of  an  oil-soluble  vitamin 
 microencapsulation induced by adding sodium sulfate to a gelatin solution illustrates the concept. 


An  oil-soluble  vitamin  is  dissolved  in  corn  oil  and  is  emulsified  to  the  desired  drop  size  in  a  10% 


solution of high-quality pigskin gelatin having an isoelectric point at about pH 8.9. Twenty parts oil to 
100 parts water, by weight, are used for the preparation of the oil/water emulsion. The emulsification 
process is conducted at 50°C, well above the gelation temperature of the gelatin. With the temperature 
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of the emulsion maintained at 50°C, phase-separation/coacervation is induced by slowly adding a 20% 


solution  of  sodium  sulfate.  The  salt  solution  is  added  in  a  ratio  of  10  parts  emulsion  to  4  parts  salt 
 solution.  The  addition  of  the  salt  solution  to  the  continuously  stirred  emulsion  effects  the 
 microencapsulation of the oil droplets with a uniform coating of gelatin. The resultant protein coating 
 is  rigidized  by  transferring  the  mixture  into  a  sodium  sulfate  solution  that  is  7%  by  weight  and  is 
 maintained  at  19°C,  with  continued  agitation.  The  gelatin  salt  solution  comprises  a  volume 
 approximately  ten  times  that  of  the  microencapsulation  mixture  volume.  The  microencapsulated 
 product  is  collected  by  filtration,  washed  with  water,  chilled  below  the  gelation  temperature  of  the 
 gelatin (to remove the salt), and voided of water by standard drying techniques such as spray drying. 


Polymer-Polymer Interaction. The interaction of oppositely charged polyelectrolytes can result in the 
 formation of a complex having such reduced solubility that phase separation occurs. Gelatin and gum 
 arabic  are  typical  polyelectrolytes  that  can  be  caused  to  interact.  Gelatin,  at  pH  conditions  below  its 
 isoelectric point, possesses a net positive charge, whereas the acidic gum arabic is negatively charged. 


Under  the  proper  temperature,  pH,  and  concentrations,  the  two  polymers  can  interact  through  their 
opposite  electrical  charges,  forming  a  complex  that  exhibits  phase-separation/coacervation.  The 
following method for microencapsulating the water-immiscible liquid, methyl salicylate, is an example 
of this process. Aqueous solutions of gum arabic and pigskin gelatin are prepared, each being 2% by 
weight  in  concentration.  The  homogeneous  polymer  solutions  are  mixed  together  in  equal  amounts, 
diluted  to  about  twice  their  volume  with  water,  adjusted  to  pH  4.5,  and  warmed  to  40  to  45°C.  The 
oppositely  charged  macromolecules  interact  at  these  conditions  and  undergo  phase-
separation/coacervation. While maintaining the warm temperature conditions, the liquid core material, 
methyl  salicylate,  is  added  at  a  weight  ratio  of,  for  instance,  25  parts  methyl  salicylate  to  one  part 
gelatin-gum arabic (dry). The core material is emulsified by stirring to yield the desired drop size. The 
mixture is then slowly cooled to 25°C, with continued stirring, over a period of about one hour. During 
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the  cooling  cycle,  phase-separation/coacervation  is  further  enhanced,  resulting  in  the 
 microencapsulation of the core material with the gelatin-gum arabic complex. The coating is rigidized 
 for drying purposes by cooling the mixture to about 10ºC.  


Owing  to  the  fact  that  core  materials  are  microencapsulated  while  being  dispersed  in  some  liquid 
manufacturing vehicle, subsequent drying operations may be required. Typical drying methods such as 
spray,  freeze,  fluid  bed,  solvent,  and  tray  drying  techniques  are  amenable  to  the  microencapsulated 
products.  The  phase-separation/coacervation  processes  are  conducted  as  batch  operations  using 
common production equipment in the manner illustrated in Figure 9. A wide variety of liquids, solids, 
or  suspensions  can  be  microencapsulated  in  various  sizes  (see  Table  1)  having  a  variety  of  coatings 
(see Table 2). Table 4 summarizes methods used to induce coacervation- phase separation.  
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Fig. 9. Flow diagram of a typical phase-separation/coacervation process. 


TABLE 4. Summary of examples for coacervation - phase-separation techniques 


Phase-separation/ 


coacervation method 


Liquid manufacturing 
 vehicle 


Coating material  Core material 


Temperature change  


(High to Room temperature) 


Cyclohexane   Ethylcellulose  N-acetyl p-amino-
 phenol 


Incompatible polymer addition  
 (Liquid polybutadiene) 


Toluene  Ethylcellulose  Methylene blue 


Nonsolvent addition  
 (Isopropyl ether) 


Methyl ethyl ketone  Cellulose acetate 
 butyrate 


Methylscopolamine 
Hydrobromide 
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 Salt addition (Sodium sulfate 

solution) 


Water  Pigskin gelatin  Oil soluble vitamin 
 Polymer-polymer interaction (+ve 


charged gelatin and –ve charged 
 gum arabic solution) 


Water  Gelatin - gum arabic 


complex 


Methyl salicylate 


3. Multiorifice-Centrifugal Process 


The  Southwest  Research  Institute  has  developed  a  mechanical  process  for  producing  microcapsules 
that  utilizes  centrifugal  forces  to  hurl,  a  core  material  particle  through  an  enveloping 
microencapsulation  membrane,  thereby  effecting  mechanical  microencapsulation.  The  apparatus, 
illustrated cross-sectionally in Figure 10, depicts a rotating cylinder (1) a major and essential portion of 
the process. Located within the cylinder are three circumferential grooves (2, 3, 4). Countersunk in the 
intermediate  groove  (3)  are  pluralities  of  orifices  spaces  closely  and  circumferentially  around  the 
cylinder. The upper (2) and lower grooves (4), also located circumferentially around the cylinder, carry 
the coating material in molten or solution form, via tubes (5) to the respective grooves. The ridges of 
the coating material grooves (2 and 4), serve as a weir over which the coating material overflows when 
the  volume  of  the  upper  and  lower  grooves  is  exceeded  by  the  volume  of  material  pumped  into  the 
system.  The  coating  material  (6)  under  centrifugal  force  imparted  by  the  cylinder  rotation,  flows 
outward along the side of the immediate groove into the countersunk portion and forms a film across 
the  orifice.  A  counter  rotating  disc  (7)  mounted  within  the  cylinder,  atomizes  or  disperses  the  core 
material fed through the centrally located inlet (8).  
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Fig. 10. Sectional diagram of multiorifice-centrifugal microencapsulation apparatus.  


The  rotating  disc  flings  the  particulate  core  material  (liquid)  droplets  or  solid  particles)  toward  the 
 orifices.  The  core  material  arrives at  the orifices  and  encounters the  coating material  membrane.  The 
 impact  and  centrifugal  force,  generated  by  the  rotating  cylinder,  hurls  the  core  material  through  the 
 enveloping  coating  membrane  (9)  which  is  immediately  regenerated  by  the  continually  overflowing 
 coating material. 


The embryonic microcapsules, upon leaving the orifices, are hardened, congealed, or voided of coating 
 solution by a variety of means.  


a)  The  microcapsules  can  be  flung  into  a  heated,  countercurrent  air  stream  to  harden  or  congeal 
 coatings containing residual solvent. 


b) The microcapsules can be forced into a rotating hardening or congealing bath. The coating material, 
if  a  melt,  can  be  hurled  into  a  cool  liquid  (nonsolvent  for  the  coating  material)  decreasing  the 
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temperature  below  the  melting  point  of  the  coating.  Also,  the  hardening  bath  can  contain  a  coating 
 nonsolvent  that  is  capable  of  extracting  the  coating  solution  solvent.  The  rotating  hardening  bath  not 
 only  provides  a  coating  desolvation  or  congealing  function,  but  serves  as  a  means  of  removing  the 
 microcapsules  from  their  impact  points,  thus  reducing  agglomeration  tendencies.  It  also  provides  a 
 means of accumulating the coated product. The hardening liquid, after removing the microencapsulated 
 product to where it can be collected, can be recycled to the hardening bath for subsequent reuse. 


Processing variables include the rotational speed of the cylinder, the flow rate of the core and coating 
 materials, the concentration and viscosity of the coating material, and the viscosity and surface tension 
 of the core material. The multiorifice-centrifugal process is capable of microencapsulating liquids and 
 solids (if the solids are dispersed in a liquid) of varied size ranges, with diverse coating materials. The 
 encapsulated product can be supplied as a slurry in the hardening media or as a dry powder. Production 
 rates of 50 to 75 pounds per hour have been achieved with the process. 


4. Spray Drying and Spray Congealing 


Spray-drying  and  spray-congealing  methods  have  been  used  for  many  years  as  microencapsulation 
techniques.  Because  of  certain  similarities  of  the  two  processes,  they  are  discussed  together.  Spray-
drying and spray-congealing processes are similar in that both involve dispersing the core material in a 
liquefied  coating  substance  and  spraying  or  introducing  the  core-coating  mixture  into  some 
environmental  condition,  whereby  relatively  rapid  solidification  (and  formation)  of  the  coating  is 
affected. The principal difference between the two methods, for the purpose of this discussion, is the 
means  by  which  coating  solidification  is  accomplished.  Coating  solidification  in  the  case  of  spray 
drying is effected by rapid evaporation of a solvent in which the coating material is dissolved. Coating 
solidification  in  spray  congealing  methods,  however,  is  accomplished  by  thermally  congealing  a 
molten coating material or by solidifying a dissolved coating by introducing the coating-core material 
mixture  into  a  nonsolvent.  Removal  of  the  nonsolvent  or  solvent  from  the  coated  product  is  then 
accomplished by sorption, extraction, or evaporation techniques. 
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In practice, microencapsulation by spray drying is conducted by dispersing a core material in a coating 
 solution, in which the coating substance is dissolved and in which the core material is insoluble, and 
 then  by  atomizing  the  mixture  into  an  air  stream.  The  air,  usually  heated,  supplies  the  latent  heat  of 
 vaporization  required  to  remove  the  solvent  from  the  coating  material,  thus  forming  the 
 microencapsulated product. The equipment components of a standard spray dryer include an air heater, 
 atomizer, main spray chamber, blower or fan, cyclone and product collector. 


Process  control  variables  include  feed  material  properties  such  as  viscosity,  uniformity,  and 
 concentration of core and coating material, feed rate, method of atomization, and the drying rate, which 
 is  normally  controlled  by  the  inlet  and  outlet  temperatures  and  the  air  stream  solvent  concentration. 


The  process  produces  microcapsules  approaching  a  spherical  structure  in  the  size  range  of  5  to  600 
 microns.  Characteristically,  spray  drying  yields  products  of  low  bulk  density,  owing  to  the  porous 
 nature  of  the  coated  particles.  Low  active  contents  are  normally  required  to  provide  the  necessary 
 protection desired. For instance, the adequate retention of volatile, liquid core materials is difficult to 
 achieve  without  maintaining  low  active  content  levels,  perhaps  below  20%.  Many  coating  materials 
 (see  Table  2)  can  be  applied  to  liquid  and  solid  core  materials  by  spray  drying  coating  solutions 
 containing the dispersed core material. The process is commonly employed in the microencapsulation 
 of liquid flavors yielding dry, free-flowing powders for use in foods and pharmaceuticals.  


Microencapsulation by spray congealing can be accomplished with spray drying equipment when the 
protective  coating  is  applied  as  a  melt.  General  process  variables  and  conditions  are  quite  similar  to 
those already described, except that the core material is dispersed in a coating material melt rather than 
a coating solution. Coating solidification (and microencapsulation) is accomplished by spraying the hot 
mixture into a cool air stream. Waxes, fatty acids and alcohols, polymers and sugars, which are solids 
at  room  temperature  but  meltable  at  reasonable  temperatures,  are  applicable  to  spray-congealing 
techniques. Typically, the particle size of spray-congealed products can be accurately controlled when 
spray  drying  equipment  is  used,  and  has  been  found  to  be  a  function  of  the  feed  rate,  the  atomizing 
wheel velocity, dispersion of feed material viscosity, and other variables. 
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 5. Solvent Evaporation 

This technique has been used by companies including The NCR Company, Gavaert Photo-Production 
 NV, and Fuji Photo Film Co., Ltd. to produce microcapsules. The processes are carried out in a liquid 
 manufacturing vehicle. The microcapsule coating is dissolved in a volatile solvent, which is immiscible 
 with the liquid manufacturing vehicle phase. A core material to be microencapsulated is dissolved or 
 dispersed  in  the  coating  polymer  solution.  With  agitation,  the  core  coating  material  mixture  is 
 dispersed  in  the  liquid  manufacturing  vehicle  phase  to  obtain  the  appropriate  size  microcapsule.  The 
 mixture is then heated (if necessary) to evaporate the solvent for the polymer. In the case in which the 
 core  material  is  dispersed  in  the  polymer  solution,  polymer  shrinks  around  the  core.  In  the  case  in 
 which  the  core  material  is  dissolved  in  the  coating  polymer  solution,  a  matrix-type  microcapsule  is 
 formed. Once all the solvent for the polymer is evaporated, the liquid vehicle temperature is reduced to 
 ambient temperature (if required) with continued agitation. At this stage, the microcapsules can be used 
 in suspension form, coated on to substrates or isolated as powders. 


Process  variables  would  include,  but  not  be  limited  to,  methods  of  forming  dispersions,  evaporation 
 rate  of  the  solvent  for  the  coating  polymer,  temperature  cycles,  and  agitation rates.  Important  factors 
 that  must  be  considered  when  preparing  microcapsules  by  solvent  evaporation  techniques  include 
 choice  of  vehicle  phase  and  solvent  for  the  polymer  coating,  as  these  choices  greatly  influence 
 microcapsule properties as well as the choice of solvent recovery techniques. 


The  solvent  evaporation  technique  to  produce microcapsules  is  applicable  to  a  wide  variety  of liquid 
 and solid core materials. The core materials may be either water-soluble or water-insoluble materials. 


A variety of film-forming polymers can be used as coatings as exemplified in Table 2. 


6. Pan Coating 


The  macroencapsulation  of  relatively  large  particles  by  pan  methods  has  become  widespread  in  the 
pharmaceutical  industry,  and  the  topic  is  covered  in  depth  in  “Tablet  Coating”.  With  respect  to 
microencapsulation, solid particles greater than 600 microns in size are generally considered essential 
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for effective coating, and the process has been extensively employed for the preparation of sustained-
 release  pellets  and  beads.  Medicaments  are  usually  coated  onto  various  spherical  substrates  such  as 
 nonpareil  sugar  seeds,  and  then  coated  with  protective  layers  of  various  polymers.  In  practice,  the 
 coating  is  applied  as  a  solution,  or  as  an  atomized  spray,  to  the  desired  solid  core  material  in  the 
 coating pan. Usually, to remove the coating solvent, warm air is passed over the coated materials as the 
 coatings are being applied in the coating pans. In some cases, final solvent removal is accomplished in 
 a  drying  oven.  Sustained-release  pellets  of  dextroamphetamine  sulfate  has  been  prepared  using  pan 
 coating method in which nonpareil seeds are coated initially with dextroamphetamine sulfate, and then 
 with a release-rate retarding wax-fat coating.  


Nonpareil  seeds  (sugar  pellets),  15.5  kg  and  12  to  40  mesh  in  size,  are  placed  in  a  rotating,  36-inch 
 coating  pan.  USP  syrup,  240  ml,  is  slowly  poured  onto  the  pellets  to  wet  them  evenly.  An  80/20 
 mixture (750 g) of dextroamphetamine and calcium dihydrate are sprinkled onto the wetted nonpareil 
 seeds. The pellets were dried with warm air. This coating operation is repeated three times. The fifth 
 coating, talc, is accomplished by wetting the product with 240 ml of syrup followed by dusting 600 g 
 of  talc  on  the  seeds.  The  pellets  are  rolled  until dry,  and  the  excess  talc is  removed  by  vacuum.  The 
 product  is  then  screened  through  a  12-mesh  screen  and  20.0  kg  of  coated  product  is  collected.  One 
 quarter of the batch is set aside, and the remainder is coated with a wax-fat coating solution consisting 
 of  6300  g  of  glyceryl  monostearate,  700  g  of  white  beeswax,  and  2100  ml  of  carbon  tetrachloride, 
 maintained  at  70ºC.  The  wax-fat  solution,  425  ml  is  applied  to  the  rotating  pellets  and  subsequently 
 dried  with  air.  The  coating  operation  is  repeated  until  a  10%  coating  weight  is  achieved,  whereupon 
 one third of the batch is removed.


The remaining product is again coated with the wax-fat solution as described previously. Subsequently, 
 one half of the material is removed and the remainder is again coated to yield an additional coating of 
 about  10%  by  weight.  The  four  groups  of  pellets  are  then  thoroughly  mixed  to  yield  the  sustained-
 release form. 


Conclusion 
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The  equipment  required  to  conduct  microencapsulation  varies  from  complex  machines  designed 
 specifically  for  microencapsulation  to  rather  simple  processing  equipment  common  to  many 
 laboratories. The variation of microencapsulation equipment is evidenced by the descriptions included 
 in the above methodology section. 


Microcapsules  as  bulk  materials,  in  either  dry  powder  or  dispersed  form,  can  be  processed  into  final 
product  applications  using  common  equipment  such  as  V-blenders,  tablet  machines,  granulators, 
homogenizers, kneaders, hard-gelatin capsule filling machines, or coating equipment if deposition onto 
a substrate is desired. The specific processing equipment employed depends on the final product form 
desired  and  on  the  microcapsule  properties.  All  processing  and  formulation  operations  must  be 
conducted  with  continual  caution  to  avoid  possible  adverse  effects  (rupture,  attrition,  or  dissolution) 
upon the thin microcapsule coating. 
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