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ABSTRACT 

This  document shows t h e  agglomeration and g ranu la t ion  by 

compacting techniques.  After a t h e o r e t i c a l  p r i n c i p l e  of t h e  

tangent wheel p r e s s ,  a t e c h n i c a l  d e s c r i p t i o n  e x p l a i n s  i t s  main 

p a r t s  : feeding  syst,ems, r o l l  bu i ld ing ,  hydrau l i c  system, 

ins t rumenta t ion .  

Those techniques  are used i n  many a p p l i c a t i o n s  with s e v e r a l  

var ious  o b j e c t i v e s  : each product  has  a s p e c i a l  cond i t ion  of 

t rea tment  : pres su re ,  temperature ,  b inder  eventua l ly .  The s i z e  

range of t h e  compactors i s  very large : up t o  100 Metric Tons pe r  

Hour. 

Thanks t o  a long experience i n  t h e  g ranu la t ion  by compacting 

Sahut Conreur has  developed a new compactor-granulator f o r  t h e  

pharmaceut ical  i ndus t ry  i n  c o l l a b o r a t i o n  with t h e  Laboratory of  

Pharmacotechnology - Facul ty  o f  Pharmacy of Li l le .  
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2246 

1 - INTRODUCTION 

DEHONT ET AL. 

Br ique t t ing  and compaction are dens i fy ing  techniques  f o r  dry 

powders. Thanks t o  t h e  tangent wheel p r e s s  which i s  capable  of 

cons iderable  throughputs  (50 kg t o  100 Tons/hour) under high 

p res su res  i n  a cont inuous ope ra t ion ,  q u i t e  a wide s e l e c t i o n  of 

dry powders can be briquetted/compacted. 

This  technique appeared at  t h e  end of t h e  l as t  century  wi th  

the  b r i q u e t t i n g  of  coa l  f i n e s .  The new b r i q u e t t i n g  presses have 

gone through a no t i ceab le  technologica l  evolu t ion  and t h e i r  

f i e l d s  of a p p l i c a t i o n s  has  widened cons iderably .  

Although it is  a technique based on exper ience ,  a few r u l e s  

can be worked ou t  by means of  a s i m p l i f i e d  theory.  

The bas i c  p r i n c i p l e  is t h e  d e n s i f i c a t i o n  of  s o l i d  p a r t i c l e s  

between two r o l l s  r o t a t i n g  i n  t h e  r eve r se  d i r e c t i o n .  The powder 

i s  brought between both r o l l s  through a feeding  system def ined  

according t o  t h e  type of powder. The pressure  appl ied  on t h e  

material is produced by an hydraul ic  system. 

2 - DEFINITION OF BRIQUETTING-COMPACTION 

The fundamental p r i n c i p l e  of t h e  compaction o r  b r i q u e t t i n g  

opera t ion  i s  based on t h e  dry d e n s i f i c a t i o n  of a f i n e  powder t o  

o b t a i n  b r i q u e t t e s  of a s p e c i f i c  shape (one speaks then of 

b r i q u e t t i n g )  o r  fragments o f  f l a k e s  (one speaks then of 

compaction) of  undefined shapes.  

The equipment used t o  c a r r y  out  t h i s  ope ra t ion  i s  t h e  

tangent  r o l l  p re s s .  The product  t o  be t r e a t e d  is  fed  between both 

r o l l s  of t h e  same s i z e  which r o t a t e  i n  r e v e r s e  d i r e c t i o n .  The 

su r face  of r o l l s  depends on t h e  shape of t h e  ma te r i a l  t o  be 
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BRIQUETTING AND GRANULATION BY COMPACTION 2247 

obta ined  : 

- For ind iv idua l  b r i q u e t t e s ,  t h e r e  i s  a pocket p a t t e r n  on t h e  

whole su r face  of  t h e  r o l l .  The shape of a pocket r e p r e s e n t s  a 

h a l f  b r i q u e t t e .  

- For f l a k e s ,  t h e  p a t t e r n  on t h e  r o l l  is  not  s o  deep engraved 

e i t h e r  i n  the  shape of  shal low pockets  or cor ruga t ions .  

A preparation-mixing-dosing u n i t  for  t h e  va r ious  components 

and poss ib ly  a binder  is provided before  t h e  tangent  roll pres s .  

I n  gene ra l ,  t he  f l a k e s  produced by t h e  tangent  r o l l  p r e s s  

are crushed t o  ob ta in  granules  screened t o  t h e  s i z e  r equ i r ed  by 

t h e  u s e r .  

3 - SIMPLIFIED THEORY OF COMPACTION 

When t h e  material is  f ed  through both r o l l s ,  t h e  ma te r i a l  

goes through t h e  fol lowing s t a g e s  (F igure  1 ) .  

Between& and (F igu re  l), i . e .  i n  t h e  feed  a r e a ,  t h e  

material i s  drawn i n t o  the  gap by rubbing on t h e  r o l l  su r f ace .  

The d e n s i f i c a t i o n  i n  t h i s  area is  obta ined  by rearrangement of 

p a r t i c l e s  between them. The speed of  the  material is  then lower 

than  t h e  p e r i p h e r a l  speed of r o l l s .  

Between o( and t h e  ho r i zon ta l  a x i s  (F igu re  11, t h e  material 

i s  i n  t h e  compaction a r e a .  o( is  c a l l e d  t h e  compaction angle  o r  

n ip  angle .  The material is  then  submit ted t o  t h e  compaction 

fo rces  : t h e  p a r t i c l e s  undergo p l a s t i c  deformations and/or  are 

crushed. The n i p  angle  v a r i e s  according t o  t h e  ma te r i a l  ( s i z e  

range ,  d e n s i t y , . . )  : i t s  value is  of  about 1 2  degrees .  
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DEHONT ET AL. 

F I G U R E  1 

d is  c a l l e d  t h e  n e u t r a l  angle  and corresponds t o  t h e  p o i n t  

where t h e  p re s su re  appl ied  on t h e  material by t h e  rolls is t h e  

h ighes t .  

5 is  t h e  e las t ic  deformation : as a matter of fac t  f o r  some 

materials, t h e  th i ckness  e l  o f  f l a k e s  obta ined  a t  t h e  compactor 

o u t l e t  can be h ighe r  t han  t h e  gap e between t h e  r o l l s .  Assuming 

t h a t  t h e  l a y e r s  of material i n  t h e  compaction area remain 

h o r i z o n t a l  and move a t  t h e  pe r iphe ra l  speed of  r o l l s ,  t h e  

fol lowing formula can be made ou t  : 

where D is the  diameter  of  t h e  r o l l s  

do is t h e  dens i ty  of material a t  angle  

d l  i s  t h e  dens i ty  of f l a k e s .  
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BRIQUETTING AND GRANULATION BY COMPACTION 2249 

If one cons ide r s  t h a t  t h e  anglecX is  independent of t h e  diameter  

of r o l l s  (and t h i s  is c l o s e  t o  r e a l i t y ) ,  t h e  formula shows t h e  

l i n e a r  v a r i a t i o n  of t h e  f l a k e  th i ckness  e l  with t h e  diameter .  

However, i n  f ac t ,  t he  f l a k e  th i ckness  e l  depends a l s o  on t h e  

roll speed,  t h e  roll s u r f a c e ,  t h e  compaction p res su re  : t h e s e  

parameters have an in f luence  on t h e  va lue  of  dens i ty  d l  o f  

f l a k e s .  If t h e  same f l a k e  th i ckness  e l  i s  obta ined  with rolls of 

d i f f e r e n t  d iameters ,  t h e  f l a k e  dens i ty  w i l l  be then h ighe r  with 

t h e  larger diameter  r o l l s .  

The r o l l  speed is determined i n  such a way t h a t  t h e  

compression time is  n o t  too  s h o r t .  Indeed t h e  compression time 

should i n c r e a s e  as t h e  r a t i o  of t h e  bulk dens i ty  t o  t h e  rea l  

dens i ty  of  t h e  feed ma te r i a l  decreases .  The t a n g e n t i a l  speed 

gene ra l ly  l i e s  between 0.06 metre pe r  second and 1 metre pe r  

second. 

4 - FEED SYSTEMS 

According t o  the  material t o  be t r e a t e d ,  t h e  tangent  r o l l  

p r e s s  w i l l  be f i t t e d  with one of t h e  fol lowing f eed  systems : 

- g r a v i t y  feed by s imple hopper 

- g r a v i t y  feed  wi th  s imple f l a p  hopper 

- g r a v i t y  f eede r  with f l a p  d i s t r i b u t i o n  box 

- force-feed with force-feeder  

4-1 Gravi ty  f eed  by means of  s imple hopper (F igure  2-a) 

This  type o f  f eed  is used when t h e  equipment t o  be processed 

has  good rheo log ica l  c h a r a c t e r i s t i c s  i . e .  it flows i n  t h e  hopper 

without  any d i f f i c u l t y .  The materials which have t h e s e  

c h a r a c t e r i s t i c s  can be compacted very e a s i l y ,  e .g .  f rozen food, 

... These are gene ra l ly  products  with a powder dens i ty  over  1. 
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FIGURE 2 - FEED SYSTEMS 

2a - Simple hopper 

2c - Flap distribution box 

--.t -1- 
U 

2e - Force-feeder i n  horizontal poal t ion  

2b - Simple f lap  hopper 

26 - Fcrce-feeder 

I 
2f - Force-feeder ir ,  ver t i ca l  p ~ s l t l a n  

FIGURE 2 - FEED SYSTEMS 
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BRIQUETTING AND GRANULATION BY COMPACTION 2251 

4-2 Gravi ty  f eed  with simple f l a p  hopper (F igure  2-b) 

With some materials (sodium c h l o r i d e ,  . . . ) which have a good 

f l o w a b i l i t y ,  i t  is  necessary t o  check t h e  flow of  m a t e r i a l  j u s t  

above the  r o l l s  and namely ob ta in  a good d i s t r i b u t i o n  of t h e  

material on t h e  whole width of  t h e  r o l l s .  

4-3 Gravi ty  feed  with f l a p  d i s t r i b u t i o n  box (F igure  2-12) 

This  type of equipment i s  used f o r  m a t e r i a l s  which have no t  

so  good rheo log ica l  c h a r a c t e r i s t i c s  and should mainly be 

processed with a b inder .  It is  advisable  t o  use a g r a v i t y  f eede r  

then.  As i n  cases  4.1 and 4.2, t he  r o l l s  are f e d  by g r a v i t y  but  

t h e  mix should be kept  moving before  t h e  feed  area between t h e  

r o l l s  by means of  arms i n  the  c y l i n d r i c a l  tank.  A t  t h e  bottom of  

t h e  tank ,  an opening above t h e  r o l l s  is  provided f o r  t h e  flow of 

material. A v e r t i c a l  f l a p  d i s t r i b u t i o n  box is  f i t t e d  under t h e  

tank  s o  t h a t  t h e  flow of material can be checked j u s t  above t h e  

n i p  angle .  I n  f ac t ,  t h e  f l a p s  can be ad jus t ed  i n  a v e r t i c a l  

p o s i t i o n  b u t  a l s o  i n  a c r o s s  p o s i t i o n  t o  inc rease  o r  decrease  t h e  

flow s e c t i o n  between t h e  r o l l  su r f ace  and t h e  f l a p  base.  This  

system provides  a uniform d i s t r i b u t i o n  of p a s t e  onto the  whole 

width of  t h e  r o l l s  (same q u a l i t y  of b r i q u e t t e s  on t h e  s i d e s  and 

i n  t h e  middle) .  This  f eed  system i s  used f o r  materials such as 

c o a l ,  o r e s  ( i r o n ,  manganese, chromium, .... ) and metall ic oxides .  

These are gene ra l ly  materials with a powder dens i ty  above 1. 

4-4 Force-feed with force-feeder  (F igu res  2d-2e-2f) 

For some materials, t h e  use of a f o r c e  feeding  can be 

considered.  The material t o  be processed i s  then fed  t o  t h e  r o l l s  

by means of  a f eed  screw. According t o  t h e  makers, t h e  f eed  screw 

w i l l  have a v e r t i c a l  p o s i t i o n  Zf, o r  an ho r i zon ta l  p o s i t i o n  2e 

when t h e  r o l l s  are i n  a v e r t i c a l  pos i t i on .  Sometimes t h e  screw is 
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2252 DEHONT ET AL. 

t i l t e d  i n  order  t o  improve i t s  feed.  The feed  hopper i s  then  

v e r t i c a l  and thus  the  load  i n  t h e  hopper can force-feed t h e  

material between t h e  r o l l s .  

In  most c a s e s ,  t h e  shape of  t h e  screw 2d is con ica l  and i t s  

design is most important  : t h e  number of t u r n s ,  t h e  p i t c h  between 

t u r n s  are determined according t o  t h e  material t o  be processed.  

When the  ma te r i a l  i s  n o t  very a e r a t e d ,  t h e  con ica l  screw 

w i l l  act  simply as a f eede r  : t h e  p i t c h  of t u r n s  w i l l  go on 

inc reas ing  i n  o rde r  t o  have a cons t an t  d i sp l aced  volume. 

For ae ra t ed  materials, t h e  con ica l  screw w i l l  have two 

func t ions  : a feeding  one and a pre-dens i f ica t ion  one : t h e  t u r n  

p i t c h  w i l l  be cons t an t  and indeed sometimes decreasing.  

The force-feeder  can c a r r y  ou t  30 t o  40 % of t h e  t o t a l  

d e n s i f i c a t i o n  work of t h e  force-feeder  compactor u n i t .  Th i s  i s  

t h e r e f o r e  a major component of t h e  compactor. The number of  

screws used i n  t h e  force-feed system is  def ined  by t h e  width of 

r o l l s .  From a r o l l  width of 400, t h e  use of two screws ( twin  

force- feeder )  w i l l  be considered.  

5 - OPERATION PRINCIPLE OF COMPACTOR EQUIPPED WITH ONE 

FORCE-FEEDER (Figure  3 

A compactor o r  tangent  r o l l  p r e s s  i s  equipped with two 

r o l l s .  The s h a f t s  which support  t h e  r o l l s  are equipped wi th  

bear ings f i t t e d  i n  housings which are placed i n  t h e  frame of t h e  

machine, The r o l l s  can be b u i l t  i n  s e v e r a l  ways : 

- monobloc r o l l s  

- r o l l s  with t y r e s  

- r o l l s  wi th  s e c t o r s  
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BRIQUETTING AND GRANULATION BY COMPACTION 

1 Raw material 

2253 

C,ompac ted 
ma ter i a  1 

FIGURE 3 - OPERATION PRINCIPLE OF COMPACTOR EQUIPPED WITH 1 FORCE-FEEDER 
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2254 DEHONT ET AL. 

The choice between t h e s e  t h r e e  main techniques  i s  s p e c i f i e d  by 

the  ope ra t ing  cond i t ions  : temperature  of  material, ab ras ion ,  

chemical co r ros ion  caused by t h e  material which i s  processed,  

compaction pressure  and a l s o  t h e  economical c o s t .  Actua l ly ,  t h e  

r o l l  i s  a wear p a r t  as it is the  mechanical p a r t  i n  c o n t a c t  wi th  

the  ma te r i a l  and the  replacement c o s t  should be taken  i n t o  

cons ide ra t ion  as w e l l  as t h e  s top  time of t h e  p l a n t  dur ing  

replacement and t h e  life-time of t h e  r o l l .  

The pockets  o r  engravings on t h e  r o l l s  are obta ined  e i t h e r  

by mechanical machining o r  by e lec t rochemica l  machining when a 

very hard s tee l  is  used f o r  t h e  r o l l s .  I n  t h e  l a t t e r  technique ,  

an e l e c t r o l y t i c  l i q u i d  e rodes  t h e  r o l l  on t h e  whole s u r f a c e  

covered by an e l e c t r o d e ;  it moves with t h e  e ros ion  i n  t h e  metal  

u n t i l  t he  r equ i r ed  depth i s  obtained.  With t h i s  technique any 

type of s tee l  can be machined and a l s o  any shape o f  pockets  which 

can a l s o  show t r a d e  mark p r i n t s .  

The r o t a t i o n  of r o l l s  i n  t h e  r eve r se  d i r e c t i o n  i s  ensured by 

a motor and a gear-box. A s  they should r o t a t e  a t  t he  same speed 

i n  o rde r  to be p e r f e c t l y  synchronized,  they are d r iven  by a 

two-output gear-box v i a  ex tens ions  with curved-tooth coupl ings  

where t h e  l a t e r a l  and c i r cumfe ren t i a l  adjustments  can be done. 

One of t h e  s h a f t s  i s  s a i d  t o  be "f ixed" i n  t h e  frame as it cannot 

move i n  a h o r i z o n t a l  l i n e ,  and t h e  second i s  s a i d  ffmobileff  as it 

can move ho r i zon ta l ly .  

A load  i s  appl ied  on both housings of  t h e  mobile r o l l  by 

means of hydraul ic  j acks  which keep t h e  mobile r o l l  i n  p o s i t i o n  

and which gene ra t e  t h e  compaction p res su re  on t h e  material. 

The feed system above both r o l l s  c o n s i s t s  i n  a con ica l  t ank  

with t h e  f eed  screw which i s  dr iven  by a gear-motor. 
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BRIQUETTING AND GRANULATION BY COMPACTION 2255 

FIGURE 4 - HYDRAULIC UNIT 

6 - SKETCH OF THE HYDRAULIC UNIT (F igu re  4) 

The hydraul ic  c i r c u i t  i nc ludes  the  fol lowing elements  : 

- one or s e v e r a l  hydraul ic  j acks  (item 8) on t h e  housings of t h e  

mobile r o l l ;  

- one or s e v e r a l  n i t rogen  accumulators (item 7 )  which absorb t h e  

o i l  movements i n  t h e  hydraul ic  c i r c u i t  and g ive  f l e x i b i l i t y  of 

f l o a t i n g  roll displacements  i f  a fo re ign  body is  encountered or 

i f  t h e  feeding  i s  t o o  important ;  

- a motor-pump (i tem 1 and 2 )  p u t t i n g  t h e  c i r c u i t  under p re s su re  

when the  compactor s t a r t s ;  

- a so lenoid  va lve  (item 4)  t o  reduce p res su re ;  

- a manometer (item 6 ) .  
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2256 DEHONT ET AL. 

The o i l  p re s su re  p i n  t h e  hydrau l i c  c i r c u i t  determines t h e  

load C appl ied  on t h e  mobile r o l l .  A s  a matter of f ac t ,  t he  load  

i s  given by : C = n x S x p 

where n is t h e  number of  j acks  

S is t h e  s e c t i o n  of  j acks .  

The ope ra t ing  cond i t ions  (p rocess ing )  of t h e  material are 

then fea tured  by t h e  fol lowing da ta  : Pressure  P ca l cu la t ed  wi th  

t h e  formula : 

C 

p = --- where L is t h e  width of a r o l l .  

L 
This  measure i s  o f t e n  given i n  kN pe r  ‘ l i n e a r  cen t ime te r  o r  i n  

Tons per  lcm; it c h a r a c t e r i z e s  t h e  processed material. This  

c h a r a c t e r i s t i c  is very important  as it de f ines  t h e  s i z i n g  of  t h e  

compactor. 

7 - INSTRUMENTATION OF COMPACTORS 

The compactors are machines capable  of a cont inuous 

ope ra t ion  24h/day : they are o f t e n  equipped with c o n t r o l l e r s  t o  

have a safe cont inuous ope ra t ion  without  human i n t e r v e n t i o n .  

Some parameters  are analysed cons t an t ly ,  connected with t h e  

c o n t r o l  room by alarms; t h e s e  parameters are : t h e  bear ing  

temperature ,  t h e  o i l  temperature  of gear  boxes,  t h e  r o l l  speed,  

t h e  power absorbed by t h e  r o l l s  and t h e  force- feeder ,  t h e  

p re s su re  i n  t h e  hydrau l i c  c i r c u i t .  I n  t h i s  case, t h e  alarms are 

t r i g g e r e d  when t h e  parameter measured has  reached i t s  l i m i t i n g  

va lue  beyond which t h e  ope ra t ion  of t h e  machine is dangerous. 

Regulation devices  are o f t e n  i n s t a l l e d  on t h e  new machines; 

they  c o n t r o l  t h e  q u a l i t y  o f  t h e  product  processed by t h e  

compactor thanks t o  t h e  r e g u l a t i o n  of t h e  p re s su re  appl ied  on t h e  

mobile r o l l  (p re s su re  i n  t h e  hydraul ic  c i r c u i t ) ,  o f  t h e  gap 
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BRIQUETTING AND GRANULATION BY COMPACTION 2257 

between t h e  r o l l s  and of  t h e  power absorbed by t h e  motors. For 

in s t ance ,  t h e  gap between t h e  r o l l s  is kept  a t  a se t -va lue  

s p e c i f i e d  by the  ope ra to r  owing t o  the  adjustment of t h e  f eed  

screw speed. 

8 - POSSIBLE BINDERS 

If t h e  mutual f o r c e  of  adhesion between t h e  g r a i n s  of t h e  

feed  ma te r i a l  i s  low, a b inder  i s  e s s e n t i a l  t o  r e i n f o r c e  t h i s  

adhesion. The phys ica l  p r o p e r t i e s  of t h e  raw material, t h e  

in tended  use  of t h e  b r i q u e t t e s  and t h e  c o s t  must be taken  i n t o  

account when s e l e c t i n g  a b inder .  

The b inder  must be mixed with t h e  f eed  material wi th  great 

care as it must permeate through t h e  whole mass and c o a t  each  

g r a i n  with a f i n e  f i l m .  

The b inder  used are very numerous; f o r  example water, p i t c h  

o r  bitumen, l ignosulphonates ,  f l o u r s ,  molasses and lime, sodium 

s i l i ca t e ,  calcium s i l icate ,  cement, c l a y ,  ben ton i t e ,  s y n t h e t i c  

r e s i n e s ,  polymers, e tc . . .  

9 - FLOW DIAGRAM OF A BRIQUETTING U N I T  (F igu re  5)  

A b r i q u e t t i n g  u n i t  makes poss ib l e  t h e  product ion o f  

b r i q u e t t e s  which have w e l l  def ined  shapes and s izes .  The 

b r i q u e t t i n g  p res s  supp l i e s  d i r e c t l y  t h e  end product .  The p l a n t  is  

made up of : 

- t h e  mixing-dosing u n i t  where a thorough mix with t h e  raw 

material, t h e  r ecyc led  f i n e s  and poss ib ly  t h e  l i q u i d  o r  s o l i d  

b inder (  s )  t a k e s  p l ace ;  

- t h e  b r i q u e t t i n g  p res s ;  

- t h e  r ecyc l ing  u n i t  f o r  f i n e s  coming from t h e  b r i q u e t t i n g  

process  which are recovered j u s t  a t  t h e  b r i q u e t t i n g  p res s  
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2258 DEHONT ET AL. 

FIGURE 5 - A BRIQUETTING U N I T  

o u t l e t  by means o f  a t r imming g r i d .  I n  o r d e r  t o  o b t a i n  an 

homogeneous mix before  b r i q u e t t i n g ,  t h e  f i n e s  have t o  be 

crushed before  r ecyc l ing ;  

- According t o  t h e  b inde r s  used, it i s  poss ib l e  t o  have a dry ing  

o r  cu r ing  oven too .  

10 - FLOW DIAGRAM OF A GRANULATION U N I T  (F igu re  6 )  

A g ranu la t ion  by compaction u n i t  is used f o r  t h e  product ion  

of  g ranu le s  of  a d e f i n i t e  s i z e  with an  i n d e f i n i t e  shape. The u n i t  
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2260 DEHONT ET AL. 

c o n s i s t s  of t h e  fol lowing equipment : 

- a mixing-dosing u n i t  where a thorough mix i s  made wi th  t h e  r a w  

material, t h e  r ecyc led  f ines  and poss ib ly  t h e  l i q u i d  o r  s o l i d  

b inders  ; 

- t h e  compactor t o  t ransform t h e  f i n e  material i n t o  a high 

dens i ty  compacted f l a k e ;  

- a primary hammer-mill; 

- a sc reen  which s o r t s  o u t  t h e  merchant g ranu le s  ( r e q u i r e d  

s i z e ) t h e  r e c y c l i n g  f i n e s  and t h e  ove r s i ze  g ranu le s ;  

- A secondary hammer-mill fo r  ove r s i ze  g ranu le s .  

The output  can vary between 50 kg/h up t o  50 Tons/h. 

I n  case  of  low throughput  i n d u s t r i a l  p l a n t ,  t o  c u t  down on 

investment expenses,  t h e  secondary hammer-mill can be l e f t  ou t .  

Oversize g ranu le s  a t  t h e  sc reen  o u t l e t  are processed by t h e  

primary hammer-mill. However i n  t h i s  case, t h e  y i e l d  i . e .  t h e  

r a t i o  between t h e  merchant g ranu le s  output  and t h e  compactor 

ou tpu t ,  i s  lower than t h e  one obta ined  with a two stage crushing .  

Indeed t h e  primary and secondary hammer-mills do n o t  work under 

t h e  same cond i t ions  t o  opt imize t h e  y i e l d  of t h e  p l an t .  This  

y i e l d  can vary between 35 % and 80 % according t o  t h e  materials 

t r e a t e d  and t h e  f i n a l  s ize-range r equ i r ed  by t h e  use r .  For 

commercial r easons  the s u r f a c e  q u a l i t y  of t h e  g ranu le s  can be 

improved e i t h e r  by rounding up i n  a po l i sh ing  drum and/or  coa ted  

with an adequate  chemical agent i n  a coa t ing  drum. 

11 - WHY BRIQUETTING OR GRANULATION BY COMPACTION ? 

The a p p l i c a t i o n s  of t h e  briquett ing-compaction technique are 

extremely numerous and va r i ed  : 

- t o  o b t a i n  a d e f i n i t e  shape from a powder ( b r i q u e t t e s  from 2 cm3 

t o  150 cm3); 

- t o  dens i fy  a powder t o  c u t  on s t o r a g e ,  t r a n s p o r t  and handl ing  

c o s t s ;  t h e  dens i ty  can be mul t ip l i ed  by 2 t o  4; 

D
ru

g 
D

ev
el

op
m

en
t a

nd
 I

nd
us

tr
ia

l P
ha

rm
ac

y 
D

ow
nl

oa
de

d 
fr

om
 in

fo
rm

ah
ea

lth
ca

re
.c

om
 b

y 
B

ib
lio

te
ca

 A
lb

er
to

 M
al

lia
ni

 o
n 

01
/2

6/
12

Fo
r 

pe
rs

on
al

 u
se

 o
nl

y.



BRIQUETTING AND GRANULATION BY COMPACTION 2261 

- t o  recover  dus t  and f i n e s  t o  v a l o r i z e  them i n  case  of  high 

va lue  m a t e r i a l s  o r  f o r  eco log ica l  reasons ;  

- t o  improve t h e  f l o w a b i l i t y ,  and t h e  handl ing,  t r a n s p o r t  and 

s to rage  cond i t ions ;  

- t o  s t a b i l i z e  uns t ab le s  mixtures  i . e .  o b t a i n  an  homogeneous mix 

of  materials which have d i f f e r e n t  phys ica l  c h a r a c t e r i s t i c s  

( f lowabi l i ty - rheology)  and avoid t h e  r i s k s  of s eg rega t ion  

dur ing  t r a n s p o r t ;  

- t o  improve t h e  t rea tment  of  powders : a compact powder can be 

more e a s i l y  t r e a t e d  i n  a thermal oven than t o  feed t h e  oven 

with a powder. 

1 2  - APPLICATIONS OF BRIQUETTING AND GRANULATION BY COMPACTION 

The a p p l i c a t i o n s  can be d iv ided  i n t o  s e v e r a l  f i e l d s  : 

1. low p res su re  process ing  ( lower than  20 kN/lcrn) 

2. medium p res su re  process ing  (between 20 and 60 kN/lcm) 

3. high p res su re  process ing  (above 60 kN/lcm) 

4. without  b inder  

5. with b inder  

6. a t  ambient temperature  

7. a t  medium temperature  ( looo C )  

8. a t  high temperature  (up  t o  1000°C) 

For example : 

. c o a l ,  charcoa l  : 1+5+7 

. o r e s  (chromium, manganese, i r o n ,  ...) : 2+5+7 

. metallic oxides  : 2+5+6 ( p o s s i b l y  7 a t  400° C )  

. metallic powders (chromium, ... 1, t u r n i n g s ,  sponge i r o n ,  ... : 
3+4+8 

. lime, magnesia : 3+4+6 

. carbonates ,  phosphates : 3+4+6 ( p o s s i b l y  8 a t  1000°C) 

. c l a y  : 1+4+6 

. potash : 2+4+7 

. f e r t i l i z e r s  : 3+4+6 (poss ib ly  7) 
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2262 DEHONT ET AL. 

. g l a s s  ba tches  : 2+4+6 

. sal ts  ( N a C 1 ,  ... ) : 2+4+6 

. de te rgen t s  : 1+4+6 

. f rozen  food : 1+4+6 (-20°C) 

. pharmaceut icals  : 1+4+6. 

13 - CAPACITY OF COMPACTORS 

Considering t h e  wide range of i n d u s t r i a l  a p p l i c a t i o n s  f o r  

t h i s  type of  equipment, t h e  s i z e  range of t h e s e  machines is very  

wide : 

- output  : up t o  100 Metric Tons/hour 

- r o l l  diameter  : from 200 t o  1200 mm 

- r o l l  width : from 40 t o  1000 mm 

- power : up t o  700 kW 

- weight of a compactor : up t o  100 Metric Tons 

- compaction pressure  : up t o  120 kN/lcm or more. 

14 - NEW COMPACTOR-GRANULATOR 

Owing t o  t h e  experience Sahut-Conreur has  acqui red  i n  t h e  

f i e l d  of g ranu la t ion  by compaction, a new range of 

compactors-granulators has  been s p e c i a l l y  designed f o r  t h e  

pharmaceut ical  powders ( b u i l d i n g  m a t e r i a l s  compatible with t h e  

powders t o  be processed,  easy c l ean ing ,  disassembly,  and 

adjustment  of parameters ,  s imple ope ra t ion  of compactor : r o l l  

speed, force-feeder  screw speed, compaction p res su re ,  . . . ) . 

This  new compactor-granulator has  been developed i n  

co l l abora t ion  with the  Laboratory of t h e  I n d u s t r i a l  

Pharmacotechnology of  t h e  Facul ty  of Pharmacy, L i l l e  , France. 

An experimental  s tudy  was c a r r i e d  o u t  t o  know t h e  effects  of  

t h e  compactor v a r i a b l e s  on t h e  pharmaceut ical  powders, and namely 
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BRIQUETTING AND GRANULATION BY COMPACTION 2263 

t h e  in f luence  on t h e  f l o w a b i l i t y ,  t h e  dens i ty ,  t h e  compression 

a b i l i t y  (1). 

CONCLUSION 

Although b r i q u e t t i n g  and g ranu la t ion  by compaction have been 

i n  e x i s t e n c e  f o r  a good many y e a r s ,  they remain an experimental  

sc ience .  Research has  been made and s c i e n t i f i c  p a t t e r n s  were 

at tempted a t  f o r  a b e t t e r  understanding of t h e  phenomena a t  work. 

However, each material having i t s  phys ica l  c h a r a c t e r i s t i c s ,  no 

gene ra l  theory  has  been brought ou t  s o  far.  

This d e n s i f i c a t i o n  technique g ives  no t i ceab le  r e s u l t s  on a 

l a r g e  v a r i e t y  of  powders without  us ing  a d d i t i v e s  and t h e r e f o r e  

without  p o l l u t i n g  the  powder by fo re ign  matters. And bes ides ,  

very l a r g e  q u a n t i t i e s  of materials can be t r e a t e d  a t  low 

opera t ion  c o s t s .  
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