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Geldart	  powder	  classifica)on	  

We are interested in the influence of the addition of fine Group C 
powders to aeratable Group A powders  
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ø  Removing	  intrinsic	  fine	  par1cles	  from	  Group	  A	  powders	  decreases	  
deaggrega1on	  efficiency	  

ø  Addi1on	  of	  fine	  Group	  C	  powders	  increases	  deaggrega1on	  efficiency	  

ø  Increasing	  the	  amount	  of	  Group	  C	  powders	  increases	  deaggrega1on	  
efficiency	  	  

ø  Different	  fine	  powders	  have	  similar	  influence:	  

ø  Lactose,	  PEG,	  mannitol,	  sorbitol,	  glucose,	  erythritol	  

ø  Appears	  to	  dominate	  all	  other	  influences	  on	  performance	  
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ø  The	  addi1on	  of	  fine	  Group	  C	  powders	  to	  an	  aeratable	  group	  A	  
powder	  reduces	  rate	  of	  powder	  entrainment.	  Why?	  

ø  The	  adhesion	  of	  the	  fines	  to	  the	  larger	  par1cles	  makes	  the	  powder	  
behaves	  more	  cohesive	  due	  to	  the	  increase	  of	  interpar1culate	  
forces.	  

ø  These	  forces	  are	  greater	  than	  hydrodynamic	  forces	  which	  leads	  to	  
poor	  fluidiza1on.	  

ø  Powders	  tends	  to	  fracture	  before	  breaking	  and	  flow	  and	  
avalanche	  as	  agglomerates.	  This	  is	  the	  key	  to	  efficient	  
deaggrega1on	  of	  the	  drug.	  

1.  Geldart, Harnby and Wong, Powder Technology 37 (1984) 25-37. 
2.  Baeyens, Geldart and Wu, Powder Technology 71 (1992) 71-80. 
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Fluidisa)on	  behaviour	  
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Can	  we	  characterise	  these	  effects	  and	  their	  role	  on	  
formula)on	  behaviour?	  

ø  Fundamental	  characterisa1on	  of	  the	  adhesive	  and	  cohesive	  
interac1ons	  are	  too	  complicated	  

ø  The	  fluidisa1on	  is	  influenced	  by	  a	  number	  of	  factors,	  
including:	  

ø  Par1cle	  size,	  par1cle	  shape,	  distribu1on	  of	  interpar1cle	  and	  
mechanical	  forces,	  contact	  restructuring,	  compac1on,	  	  inters11al	  
gas	  etc.	  

ø  Fluidisa1on	  will	  be	  inter-‐dependant	  on	  
ø  The	  tensile	  strength	  of	  the	  lactose/	  final	  blend	  structure	  
ø  The	  energy	  required	  to	  overcome	  this	  resistance	  to	  flow	  (fluidisa1on	  

energy)	  
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ø  Addi1on	  of	  micronised	  lactose	  to	  commercial	  lactose	  
(SV003)	  grade	  (0,	  2.5,	  5	  and	  10	  %	  w/w).	  

ø  Formula1ons:	  Budesonide	  and	  lactose	  with	  the	  different	  
levels	  of	  fines.	  

ø  Cyclohaler	  was	  used	  to	  disperse	  blends	  from	  size	  3	  HPMC	  
capsules	  containing	  25	  mg	  of	  blend,	  into	  a	  NGI	  (with	  pre-‐
sep)	  82	  L.min-‐1.	  
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ø  Four	  batches	  of	  sieved	  grade	  lactose	  (SV003)	  and	  milled	  
grade	  lactose	  (ML001)	  were	  used	  as	  received	  from	  various	  
pharma	  companies.	  

ø  Formula1ons:	  Budesonide	  with	  different	  batches	  of	  
lactose	  were	  prepared	  via	  low	  shear	  blending	  

ø  Cyclohaler	  was	  used	  to	  disperse	  blends	  from	  size	  3	  HPMC	  
capsules	  containing	  25	  mg	  of	  blend,	  into	  a	  NGI	  (with	  pre-‐
sep)	  82	  L.min-‐1.	  
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SV003 %<5µm FPD 
Batch A 4.16 39.04 
Batch B 2.41 22.40 
Batch C 6.48 28.09 
Batch D 3.67 23.08 
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SV003 %<5µm FPD 
Batch A 14.06 38.1 
Batch B 14.79 49.2 
Batch C 17.21 42.1 
Batch D 14.45 41.7 
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ø  Influence	  of	  High	  shear	  processing	  effects	  on	  Milled	  and	  Sieved	  Grade	  Lactose	  

ø  High	  shear	  granulator	  set	  at	  400rpm	  and	  processing	  1me	  varied	  from	  2,	  5	  and	  
10min.	  	  

ø  Processed	  lactose	  were	  subsequently	  formulated	  with	  Budesonide	  via	  turbula	  
blending.	  

ø  Cyclohaler	  was	  used	  to	  disperse	  blends	  from	  size	  3	  HPMC	  capsules	  containing	  
25	  mg	  of	  blend,	  into	  a	  NGI	  (with	  pre-‐sep)	  82	  L.min-‐1.	  
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ø  The	  fluidisa1on	  of	  a	  carrier	  based	  DPI	  formula1on	  is	  dependant	  on	  
the	  cohesivity	  of	  the	  blend	  structure.	  	  

ø  The	  increase	  in	  drag	  force	  and	  par1cle-‐par1cle,	  par1cle-‐wall	  
collisions	  	  with	  increasing	  tensile	  strength	  may	  aid	  the	  deaggrega1on	  
of	  the	  ac1ve	  due	  to:.	  

ø  Increase	  probability	  in	  inter-‐par1cle	  collisions	  within	  a	  high	  density	  aerosol.	  

ø  Par1cle	  impac1on	  is	  more	  likely	  to	  produce	  re-‐suspension	  than	  airflow	  alone.	  

ø  Re-‐suspension	  modelling,	  in	  conjunc1on	  with	  characteris1c	  
measurement	  of	  powder	  reac1vity	  to	  an	  air	  flow,	  allows	  a	  means	  of	  
inves1ga1ng	  process	  control	  and	  understanding	  of	  DPI	  formula1ons.	  
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