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1. INTRODUCTION 

For many years coa l  research s c i e n t i s t s  have been t ry ing  t o  f i n  
economic method of br ique t t ing  bituminous coa l  mithout a binder, 1,2,%e 
The conventional br ique t t ing  processes fo r  coa l  involve the use of p i t c h  o r  
bitumen as an adhesive; this is undesirable fo r  obvious reasons. 

While i t  has f o r  many .years been possible t o  br ique t te  bituminous 
coal without a -b inder ,  no process has been operated commercially f o r  any 
length  of time, e i t h e r  because the preparation requirements for the c o a l  
were t o o  s t r ingent  - f o r  example, the coa l  ha'd t o  be rnicronised - o r  
because the compaction pressures demanded were too high f o r  economic 
operation. 

Research at the Coal Research Establishment of the National Coa l  
Board at Cheltenham has sought t o  remove the need f o r  extremely f ine  
grinding of the p a r t i c l e  and the  need f o r  the comparatively high pressures 
of 12  to  15 tons per square inch. 
works well with B r i t i s h  bituminous coa ls  and i t  has now been applied t o  many 
coals from the Commonwealth. 

A technique has been evolved which 

T h i s  compaction technique is  usefu l  not only with coal: 
f inanc ia l  m a r g i n s  which a r e  ava i lab le  i n  the coa l  i ndus t r i e s  of the  world 
l i m i t  this application of the process. After all, where the t o t a l  process 
cos t  cannot exceed 20/- t o  3O/- per ton,  there  i s  no poss ib i l i t y  of refined 
techniques which require machines of some complexity. 

indeed the s m a l l  

It has been shorn tha t  the process can be applied t o  good e f f ec t  upon 
' ca ta lys t s  as used i n  the  petroleum and chemical i ndus t r i e s ,  t o  reac tor  

grzpbite,  i ron  ore ,  and many o ther  materials which are loosely termed 
"semi-plastic". 

This paper considers a few aspects of this research and describes sone 
developments which have l ed  t o  the building of s m a l l  p i l o t  p l a n t .  

2. W PRINCIPLES OF COMPACTION 

I n  order t o  obtain a compact of high s t rength  i t  is  necessarg t o  ensure 
t h a t  the compaction technique is e f fec t ive  i n  bringing about the necessary 
increase i n  density and t h a t  the  compact su f fe r s  no damage during ex t rac t ion  
from the mould. With coa l ,  at any r a t e ,  the s t rength  of a compact f o r  any 
g v e n  s i ze  d i s t r ibu t ion  and any given mode of preparation is  r e l a t ed  t o  the  
decs i ty  of the COQpaCt. The density and the  s t rength  are determined by the 
pressure which is applied,  but ult imately they approach l imi t ing  values which 
a re  not exceeded by fur ther  increasing the pressure. The l imi t ing  density 
of the compact f a l l s  sho r t  of t h e  density of the material  of the powder by 
an apFreciable margin, say 4 t o  20 per  cent,  depending on the material  used 
( se s  Fig. 1). 
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This fa i lu re  t o  achieve complete compaction arises in two ways. F i r s t ,  as 
the  br iquet t ing pressure i s  applied i t  is opposed by forces s e t  up i n  the powder 
and by f r i c t i o n a l  forces  on the w a l l s  of the mould which r e s i s t  the movement of the 
pa r t i c l e s  and prevent int imate  contact between the surfaces  o f  the par t ic les .  
Second, when the external  pressure is removed the deformed pa r t i c l e s  recover 
t h e i r  shape e l a s t i c a l l y ,  i n  pa r t  at least ,  and the compact expands; the voids 
w i t h i n  i t  increase and res idua l  strains r e m a i n .  
o r  a low Young's Modulus i s  associated with a weak compact. 

1 

A l a rge  e l a s t i c  recovery 

It has been found tha t  the densi ty  of a powder compact can be mater ia l ly  
increased f o r  a given applied pressure, if, w h i l s t  still  under load, it is 
subjected t o  shear s t ra in :  
is reduced. The g a i n  in s t r eng th  with the appl icat ion of  addi t ional  shear 
s t r a i n  under load may be subs t an t i a l  but  the f u l l  benefi t  is obtained o n l y  i f  
the  shear strain is introduced under maximum load. 

the s t rength  is increased and the e l a s t i c  recovery 

The compact made i n  this way may possess greater densi ty  a d  s t rength  than 
the l imi t ing  values obtained by simple pressing, but whether the compact is made 
by simple pressing or  by introducing addi t ional  shear strain under load, the 
s t rength  and density a re  still re la ted  by the same s ingle  curve. 

The usefulness of addi t iona l  shear  strain var ies  with the rheological  
propert ies  o f  the material. In the  case of a very p l a s t i c  substance having 
a negl igible  e l a s t i c  recovery, shear  strain has l i t t l e  t o  offer .  A t  the other 
extreme, anthraci te  dust o r  s i l i c a  sand, both of which are highly e l a s t i c  and 
show a very grea t  e l a s t i c  recoveq-, say 30 p e r  cent ,  form no compact at all 
with o r  without addi t ional  shear strain. The advantage of the process i s  found 
to  be with mater ia ls  lying between these extremes, m a t e r i a  which m a y  be termed 
semi-plastic. 
improves the briquette by some 5 t o  15 per  cent as measured by porosi ty ,  and 
the s t rength  is increased by a fac to r  between 3 and 15 (see F igsLand 2 ) .  

C o a l  is a typ ica l  exanple. The introduct ion of shear  strain 
' 

The meaning of shear  s t r a i n  as applied t o  an e l a s t i c  body is well understood 
( re f .  5, and see Fig. 3a) but its precise  meaning when applied t o  a par t icu la te  
m a s s  is not s o  obvious. 
lead shot are embedded t o  form a matrix. When pressure i s  applied t o  t h i s  m a s s  
of pa r t i c l e s  compaction w i l l  occur, and at a spec i f i c  pressure the  lead  shot 
w i l l  p l a s t i ca l ly  deform t o  r e g i s t e r  the deformation of the pa r t i c l e s  in  the 
neighbourhood of the shot .  The spher ica l  shot will have become e l l i p s o i d a l  
and a measurement of t h e i r  e l l i p t i c i t y  w i l l  give the angular shear s t r a i n  which 
has  occurred above the threshold of pressure at which the shot began t o  deform. 

Consider a m a s s  of coa l  pa r t i c l e s  in which spherical  

There a re  several  ways i n  which the e l l i p t i c i t y  can be measured and the 
angular shear  strain thus derived. 
an aluminium mould which i s  X-rayed at various pressure leve ls ;  
photographs w i l l  show the e l l i p t i c i t y  of the shot  from which the shear s t r a i n  
can be calculated,  o r  by a somewhat tedious ana lys i s  shear s t r a i n  may be derived 
from the t rans la t ion  of the shot .  
showing the deformation of lead shot  in such a br iquet te .  

For example, the compact may be made in  
the X-ray 

Fig. 3b is a s e r i e s  of X-ray photographs 

It i s  possible i n  the laboratory t o  make apparatus which w i l l  apply a 
known amount of s h e a r  s t r a i n  more o r  less uniformly throughout a m a s s  of 
par t ic les :  
shear box (see Fig. 5 ) .  Experimental nork with t h i s  type of apparatus permits ,  
a f a i r l y  accurate examination of the e f f ec t  of shear s t r a i n  t o  be made and is 
typ ica l  o f  the apparatus used t o  obtain the compaction curves previously mentioned. 
There i s  a theore t ica l  limit t o  the amount of  shear s t r a i n  that  can be introduced; 

# 

such an apparatus is a ro ta ry  shear box (see Fig. 4) o r  an annular 

, 
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at  high shear strains and with unfavourable stress d is t r ibu t ions  slip-plane f a i l u r e  
res-dts. 
s o i l  mechanics: 

The onset of slip-plane f a i l u r e  is determined by an equation famil iar  in 

s = s t a n + +  c 
nhere s is the ultimate shearing s t r e s s  of the br iquet ted mater ia l ,  

0- is the pr inc ipa l  s t r e s s  normal t o  the plane of f a i l u r e ,  
p is the angle of i n t e rna l  f r i c t i o n ,  
c is the cohesion of the material. 

The locus of the s l i p  plane is formed by a s e r i e s  of po in ts  at which the 
value o f  s i n  the above equation is exceeded by the imposed shear  stress. 
An e x d n a t i o n  of  the photograFh o f  the lead shot  markers shown in Fig. 3 b  
wLll show the  onset of  slip-plane failure at A. 
through the shot i t s e l f ,  wbich has been torn  apar t  by the excessive shear  
s t r e s ses  present at tha t  point. 
l a rge  e l a s t i c  rebound wkich causes d i f f i c u l t y  in extract ion:  
compaction forces  a re  released evenly the la rge  d i f f e r e n t i a l  expansion which 
r e s u l t s  mLll cause obvions o r  inc ip ien t  cracking i n  the br iquet te .  
shear  s t r a i n  improves compaction and reduces e l a s t i c  rebound, but i n  order t o  
obtain the grea tes t  benefi t  the  addi t iona l  shear  strain m u s t  take place at o r  
near the maximua p r e s s u r e  leve l .  

3ere the s l i p  plane passes 

This photogra2h a l s o  i l l u s t r a t e s  the very 
unless  the 

Additional 

Shear strain applied at pressures below two-thirds the maximum is, i n  
the case of coal ,  valueless. 
For an unsheared specimen the br iquet t ing sequence was compaction under increasing 
pressure alorg the curve a t o  f ,  followed by e l a s t i c  recovery and expansion along 
the  curve f ,  g, as the br iquet t ing pressure w a s  released. For a specimen subjected 
t o  a s m a l l  shear  s t r a i n  e a r l y  i n  the br ique t t ing  cycle, the sequence was compactiorz 

Fig. 3c shows the e f f ec t  of  shearing at low pressure. 

! along the  curve a t o  f ,  as far as b ,  followed by a reduction in the porosi ty  
\ b t o  h, m h i l s t  shearing takes  place at constant pressure. After shearing the  

br iquet t ing pressure m a s  again increased but the porosi ty  remained subs t an t i a l ly  
constant until the pressure reached the l eve l  required t o  achieve this porosity 
in the unsheared br iquet te .  

'\ 

A possible explanation of this is  tha t  a spec i f i c  br ique t t ing  pressure is 
associated with a given 'area of contact between the coa l  pa r t i c l e s .  
contact area is increased by the appl icat ion of shear strain, g rea t e r  pressure 
can be carr ied by the p a r t i c l e s  before they have t o  bed down fur ther .  From this 
i t  is seen tha t  to  obtain the grea tes t  improvement i n  br ique t te  qua l i ty  (as high 
densi ty  implies high s t rength)  addi t iona l  shear strain m u s t  be applied at a6 high 
a pressure as possible. I f  the br ique t t ing  pressure is increased after shearing, 
t he  br iquet te  may wel l  f f forget"  t ha t  i t  has been sheared. 

I f  this 

The ar t  of making high-density compacts may therefore  be summarized as 
the  introduct ion of t he  highest possible shear s t r a i n  at the m a x i m u m  pressure, 
the upper l imi t  of shear  s t r a i n  being s e t  by the development of slip-plane 
fa i lure .  T h i s  conclusion appl ies  t o  a mide va r i e ty  of materials. 

"HE SVE3A.L METHODS O F  CARRYING OUT THE PROCESS 

Tpro pieces of apparatus of great  use i n  the laboratory have been i l l u s t r a t e d  
i n  Figs. 4 and 5 ,  but ne i the r  of these can be applied t o  the br iquet t ing of a 
cheap raw material sach as, fo r  example, coal  - e i t h e r  because the f r i c t i o n a l  
res i s tance  inherent i n  the apparatus is too g rea t ,  o r  because of mere mechanical 
complex2ty, o r  because the operat ional  sequence is too d i f f i c u l t .  Therefore, 
although these pieces of aFparatus produce the nost  uniform d i s t r ibu t ion  of 
angular shear s t r a i n ,  and do this at maxim pressure, they a r e  of doubtful value 
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t o  a comerc ia l  process, and a l t e rna t ives  which are theore t ica l ly  no t  so 
des i rab le  have to  be used. 

The germ of a commercial process is t o  be seen i n  a two-stage compaction 
process i n  w'hich a mass of  p a r t i c l e s  placed i n  a mould is first compacted with a 
plane-ended punch and then Prith a punch prof i led  as i n  Fig. 6. 
compact made in the mould e x e r t s  a very considerable lateral thrust on the  
malls of the mould, and therefore although the plane punch is removed, the 
p a r t i c l e s  are still under considerable l o a d  when the prof i led  t o o l  is pressed 
i n t o  the first-formed briquette,  
under very considerable pressure. This method of manufacture w a s  used t o  
form the lead-shot-marker br ique t te  of Fig. 3b. From this photograph it w i l l  
be seen that the d i s t r i b u t i o n  of shear  strain is by no means uniform: the 
cent re  core undergoes very high shear strain whereas the  corners are f r iab le .  

The first 

The shear strain which then occurs does so  

This method of compaction can be developed i n t o  a commercial machine 
i n  which a composite plunger is used t o  form a ponder i n t o  a briquette.  
Fig. 7a shows a simple form of composite plunger. This has two worldng par t s ,  
an outer  annulus and an inner core,  which are locked together hydraulically 
u n t i l  the  average pressure over the cross-section of t he  br ique t te  h a s  risen 
t o  a predetermined l e v e l  near the maximum ( 4  t o  6 tons/sq.in.). 
point o i l  is allowed t o  pass from the  locking cavity t o  a reservoir,  the core 
of the plunger moves forward i n  r e l a t ion  t o  the  annulus and so  causes t h e  
required angular shear strain. The setting of t he  pressure l e v e l  at which o i l  
is  exhausted f rom the locking cavi ty  is important because shear strain m u s t  be  
made t o  occur under the  highest,possible loading. 
duplex plunger possess the  q u a l i t i e s  of hardness expected from them, but there 
remains the problem of  ex t rac t ing  them from the mould without damage, and this, 
indeed, poses more d i f f i c u l t  problems than those associated with their 
compaction. 

A t  this 

Briquettes made by this 

It has been noted already2 t h a t  d i f f e r e n t i a l  release of load will lead 
t o  inc ip ien t  o r  obvious cracking of the compact: 
entrainment, is a frequent cause of rrdecappingrr. The o n l y  so lu t ion  is the 
uniform re lease  o f  res idua l  strain. 
co-operate with the duplex plunger on its re turn  s t roke  so that the  br ique t te  
is subjected t o  a ana l l  longi tudina l  t h rus t  w h i l e  i t  is extracted from the 
mould. The Poisson r a t i o  e f f e c t  comes i n t o  play and release of strain is 
very nearly uniform. In  the  improved plunger shown i n  Fig. 7b the br ique t te  
is made i n  the extension of the  annulus. T h i s  arrangement h a s  the advantage 
that the briquette,  when undergoing its i n i t i a l  compression before the 
appl ica t ion  of shear strain, is v i r tua i ly  pressed from both ends s o  t h a t  its 
density is more uniform and the shear  s t r a i n ,  when applied, is more useful. 
It has the  furthe- advantage that ext rac t ion  is made e a s i e r  and the anvil jack, 
e s s e n t i a l  t o  the first system, is e l i t e d .  During ex t rac t ion  the centre 
core of the  plunger has t o  move forward t o  maintain the longitudinal load upon 
the  br ique t te  at 2 tons  2 10 per cent w h i l e  the  s ides  formed by the anndus 
a re  withdrawn. 

this, 85 w e l l  as a i r  

An anv i l  jack is therefore arranged t o  

This still presents  a d i f f i c u l t  hydraulic problem. 

Each s t roke  of t he  duplex ram produces one br ique t te  which may weigh 
% l b .  
design o f  such a PPSS compcises an arrangement of four duplex plungers 
operating i n  moulds set in two twelve-station ro ta ry  tables. 
powder t o  grav i ty- f i l l  over th ree  s ta t ions-  wEle  i t  is pressed at another 
station and ejected at a f i f t h .  

A commercial p ress  has t o  produce these at many tons per hour. ,, One 

This permits 

The whole assembly is hydraulically operated, 



tolerances are small and the  speed of operation has necessar i ly  t o  be high. 
cycle time of 1 second w a s  the a i m  set f o r  a l a rge  5 ton/h experimental version 
i l l u s t r a t e d  i n  Fig. 8. 
br ique t tes  of excel lent  qua l i ty  at 5 ton/sq.in. pressure. 

A 

It is not yet a r e l i a b l e  machine but it has produced 

- high angular shear  strain8 in this essen t i a l ly  two-stage process. The r ing- ro l l  
press3, on the other  hand, has  some promise. 
d i f f e ren t i a l  s l i p  between the inner roll and outer  r ing  of such a press  has been 

The poss ib i l i t y  of causing 
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4, PROCESS VAFiIABB 

Before discussing process var iables ,  the influence of wbich w i l l  vary 
grea t ly  with the material being compacted, i t  may be wise t o  coosider the 
mechanism by which high densi ty  i n  a compact may be achieved. 
w e l l  r e su l t  from a combination o f  mechanical inter locking,  the development of  
Van de r  W a a l  forces, and hotspot fusion or welding. 
necessary t o  have subs t an t i a l  p l a s t i c  deformation of the individual  pa r t i c l e s ,  
in order e i t h e r  ( a )  t o  c rea t e  new clean surfaces  and t o  br ing these -faces 
s M f i c i e n t l y  close together  f o r  mlecu la r  forces  t o  develop, or (b) t o  br ing 
about mechanical inter locking.  

Adhesion m a y  . 

In any event i t  is 

Under ordinary conditions, many of the pa r t i c l e s  from which it is 
required t o  form compacts, w i l l  f a i l  in compression by b r i t t l e  f racture .  
If, however, conditions are such that a hydrostatic state of stress can 
develop these otherwise b r i t t l e  pa r t i c l e s  w i l l  deform plas t ica l ly .  It is 
w e l l  knom, fo r  example, that a carbon rod  under t ens i l e  t e s t  can be made 
t o  elongate and 'neck' i n  the manner of a mild steel  specimen i f  it is 
subjected t o  hydrostat ic  pressure during; test. 

The technique which has been described of introducing angular shear  
strain under load favours the  p l a s t i c  deformation of otherwise b r i t t l e  
mater ia l  by breaking down in t e rna l  arches within the par t icu la te  mass forming 
the compact and causing thereby the  development of  a hydrostatic state of 
s t r e s s .  But c lear ly  the process var iables  should be arranged t o  give the 
greatest opportunity f o r  p l a s t i c  flow t o  develop: moisture content, temperature, 
p a r t i c l e  s i ze ,  par t ic le  shape, m i l l  all play t h e i r  par t  in th i s .  

Consider moisture content a8 a s ing le  independent variable; I in a U  I 

probabi l i ty  for a porous material the ease with which a pa r t i c l e  p l a s t i ca l ly  
deforms mill i n c r e a s e  with increasing moisture content. 
excessive m o i s t u r e  on the  surface of the p a r t i c l e  mill form a contamhat ing 
film t o  prevent the  surfaces approaching one annther, and SO developing a 
molecular bond. 
an optimum moisture content. 
be at o r  near  inherent moisture content level, Moisture  will have a secondary 
e f f ec t  as a lubricant. 

I But at the  same time, 

1 For t'ais reason there is likely t o  be, with many materials, 
Fortuitously, with most coals, this happens t o  

Rising temperature general ly  increases  the ease with which pa r t i c l e s  
deform and unless this rising temperature is associated with, let  UR sag, 
o d d a t i o n  of the surface,  which w i l l  act as a contaninant, increasing 
temperature w i l l  favour the  production of a dense compact. 
usual ly  an optimum temperature because some adsorption o f  gas  o r  vapour of ten 
occurs t o  form a contaninant film. 

Again there is 

Par t i c l e  size is of consequence because s m a l l  particles are shown by 
microsquashing techniques t o  deform more readi ly  than la rge  ones. 
energy considerations m a y  have a bearing upon this. 
f ine ly  divided mater ia l  of laminate form mill produce the g rea t e s t  s t rength  
and the highest density. 

Surface 
Generally speaking, 

I 

I 

The photomicrograph (Fig. l2a)  of a coa l  br iquet te  shows the p l a s t i c  . 
deformation which occurs i n  the l a rge  p a r t i c l e s  of b r i t t l e  coal  giving rise 
t o  a laminate s t ructure .  There i s  evidence that the p l a s t i c  deformation is such 
tha t  the surfaces of the p a r t i c l e s  are brought very close together (see Fig. U b )  
and you w i l l  note the  remarkable diffprence between the s t ruc ture  of the briquette 
made n i t h  and without addi t iona l  shear strain, (Figs. 12c and Ud) .  

I 
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5. 

6, 

7. 

Fig. l2e is a photomicrograph of a br iquet te  made at an elevated temperature 
o f  42OoC at which the e s i n i t e  has melted o r  become very p l a s t i c  indeed t o  form 
a matrix holding the more r i g i d  p a r t i c l e s  together so forming an interlocked 
s t ruc ture  of great  st,rength. 

Increasing pressure w i l l  obviously increase the density of the compact t o  
that point at which i n t e r n a l  arching and the f r i c t i o n a l  res is tance on the  walls 
of the mould make f u r t h e r  increase p r o f i t l e s s .  It is obviously o f  economic 
importance t o  use the lowest possible pressure and this variable  is not therefore 
of real importance i n  t h i s  discussion. 

Restating the obvious: the grea tes t  density and the grea tes t  s t rength of 
compact w i l l  be obtained by se lec t ing  those conditions of moisture ccntent ,  
t e q e r a t u r e ,  p a r t i c l e  s i z e ,  e tc . ,  which favour p l a s t i c  deformation but which do 
not give r i s e  t o  t h e  formation of contaminant fi lm upon the surface of the 
par t ic les .  

THE COST OF TBE PROCESS 

The process w a s  developed f o r  u s e  with bituminous B r i t i s h  coal  and the 
f inanc ia l  margin was not grea te r  than 20/- t o  3O/- per ton. 
of paramount importance t o  devise machines and a preparation technique which 
were of the l e a s t  complication. 
preparation techniques and t o  develop high speed spec ia l  purpose br iquet t ing 
machines. 

It w a s  therefore 

It was e s s e n t i a l  t o  look carefu l ly  at exis t ing  

A sample cost ing f o r  bituminous coa l  is given i n  Table 1. 

where the f inanc ia l  margins are not s o  t i g h t ,  f u l l  advantage can be taken 
of the subs tan t ia l  gains i n  s t rength  which are avai lable  - i n  the case of coal 
it was imperative t o  use simple robust machines which were unable t o  introduce 
the  shear  s t r a i n  in a uniform manner - process perfect ion had t o  be sacr i f iced  
t o  achieve economic simplicity.  

CONCLUSIONS 

Numerous attempts have been made in the past  t o  br ique t te  bituminous 
coal  e t h o u t  a binder,  but no process has been commercially successful.  In 
this case research has devised a process which eliminates the need f o r  f i n e  
grinding and high pressure previously essent ia l .  
f o r  laboratory use and f o r  commercial use in the coal  industry of the United 
Kingdom. 

Machines have been developed 

The compaction technique wbich is described is applicable not only ta 
coal  but t o  semi-plastic mater ia ls  g e n e r a y ,  and i t  may be t h a t  the effect iveness  
of ,  the technique can be mor- completely rea l i sed  with high cost  materials such 
as c a t a l y s t s  and metal powders, than with coal ,  where only the  most crude 
appl icat ion of the process can be contemplated. 

The work which is described has been car r ied  out at the  Coal Research 
Ehtablishment, Stoke Orchard, Cheltenham, England, under a programme formulated 
by the  National Coal Board, London, and directed by Dr .  D.C. Rhys Jones. It is 
published by ldnd permission of the I)irector-General of Research. 

The work reported r e s u l t s  from t h e  e f f o r t  o f  a small  research team whitch has 
seen the project through from the laboratory t o  the p i l o t  plant .  



The author is indebted t o  Dr. B.A. L i l l e y  for in fomat ion  in support of 
Fig. 3c and t o  Dr. L. G r i f f i t h s  f o r  his petrographic studies.  

Theories of compaction are many and diverse; the opinions put forward, 
therefore,  i n  this paper do not  necessar i ly  r e f l e c t  the considered viev of 
the  Establishment but weigh heavily upon the  author 's  conscience. 
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1, S u t c l i f f e ,  EJI. 
200 B.S.S. mesh subjected to  high compressive load. 
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2, Ten Bosch Octmoien N.V. B r i t .  Pat. 450,633 (19%). 
matrix for m a g  br ique t tes  or t a b l e t s  fxom fine-grained mater ia l s  
or materials i n  powder form. 
Ten Bosch Octrooien N.V. B r i t .  Pat. W , ~ U  (1936). Method f o r  the 
manufacture of b r ique t tes  from normally non-coherent substances, 
par t icu lar ly  c o d  dust ,  lignite dust and the like. 

A compression 

' 

3. Spooner, E.C.R. Chem, Engng. Min. Rev., 1949, 403,s. 
Briquett ing by Krupp-Herglotz Ring-Roll Press. 
coal  and pressures of 12 ton/sq.in. - 17 ton/sq.in. 

Fine grinding of 

4. Pierso l ,  R.J. Bull. Iu. geol. S u n . ,  1948, No. 72; Ill. Geol. S m ,  
Rep. of Invest., 1936, 41. Pt. I, Smokeless Briquettes;  Impacted 
without Binder f r o m  Paxtially Volat i l ized Illinois Coals. 

5- TimoshenkD, S. Theorg of E l a s t i c i t y  (New York, McGraw-U, 1934). 
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B 

A Sample of Process Costs - United Kingdom - 1959 

These cos t s  r e f e r  t o  a commercial plant  forming 
binderless expansion br iquet tes  2% in. i n  diameter 
from high rank coal (vo la t i l e  matter content 12-2&). 

1. Throughput 125,000 tons/gear 

2. C a p i t a l  Costs 
Coal H a n d l i n g  e80,ooo 

(including spares) 200,000 
Briquette handling 20,000 

Coal drying, grinding, pressing, 

Ins t w e n t  s 15,000 
S i t e  preparation: roads, r a i l w a y ,  

foundations, buildings, o f f i ces ,  e tc .  140,000 
I d  Contingency 50,000 ,- 

€505,000 

I n t e r e s t  on c a p i t a l  during 

Working c a p i t a l ,  1096 0 loo/- per ton 
construction - 5% for 6 months E12,000 

60,000 

Total  investment s577,000 

Capital  investment 
p e r  ton/ year 

3. Operating Costs (per ton of input) 

Wages 
Power and Heat 
Repairs and Reoewds 
Overheads and General Expenses 
Depreciation (plant  wri t ten o f f  

h t e r e s t  5% 
over 10 gears) 

Total  cost  of carrying out 
the process 
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I 

I IO I5 
fissura ( tm/q i.) 

FIG.1. - The ralationship betmen b iquet t ing  pressure an6 
density of brlquette. 

c 
( i )Pure siear strain 

(11) Shear strain with displacu- 
men1 and rotation 

(i1i)Shear deformation due to 
compressive strain 

FIG..?. - The variation of briquette strength with applied 
shear atrain. 

i 

FIG.j(c). - Tha e l f ec t  o f  h a r i n g  a t  IO. pre-. 
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@FIRST PRESSING WITH FLAT PLUNGER 

w n c  REBOUND 
I r l m n r  .... . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  . . . . . . . . . .  

. . . . . . . . .  . . . . . . . . .  . . . . . . . .  . . . . . . . .  . . . . . . . . . .  ......... . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . ......... . . . . . . . . . .  . . . . . . . . . .  

ZERO LOAD 2 TONS-SOUARE INCH 4 TONS-SOUARE INCH 6 TONS-SQUARE INCH LOAD REMOVED 

a SECOND PRESSING WITH SHAPE PLUNGER 
SEE LARGER PHOTOGRAPH 

A 
/ 

. . . . . . . . . .  . . . . . . . . . .  ............. 

. . . . . . . . . .  . . . . . . .  ... 
. . . . . . . . . .  . . . . . . . . . .  
. . . . . . . . .  . . . . . . . . .  . . . . . . . .  . . . . . . . .  

r-pl 
- .  * .  

ZERO LOAD 2 TONS-SOIMRE INCH 4 lDNS-SWARE INCH 6 T O N S - S W R E  lNol LOAD REMOVED 

FIG.3(b). - Photograph by X-ray 
of lead-shot markers i n  two-plunger 
briquette . 
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PRESSURE 

NON ROTATING 
CHAMFERED PUNCHES 

MOULD ROTATING A N 0  
TURNING COMPACT 
WITH I n E L F  

Note: 

THE SURFACES OF CONTACT 
OF THE PUNCHES AND 
THE COMPACT ARE LUBRICAT.TC0 1 1 1 1 1 TO ALLOW THE COMPACT 10 
ROTATE WITH THE DIE WALL FIG.5. - The annular shear box. 

PRESSURE 

Fm.4. - The rotary 6bem box. 

FIG.6. - The double-plunger method. 

RELIEF 
VALVL 
c 

FIG.7(a). - A simple fora of compcaite pl-r >Gi I. 

, 
f 
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' 
FIG.7(b). - Improved composite or duplex plunger KK E. 

___c 

Plungu bad 

EXPANSION 
PRESS 

- 
Plunyer Lrml 

DUPLEX PLUNGER 
PRESS 

. .  
m.10. - Pressure-trevel curves of duplex plungcr and 

eIpanaion press.  

M A I N  UYDRAULIC 
PR€SSURE 

M A I N  RAM 

AIR RETURN PRESSURE 

SPUERIOIL SEAT OR 

WATER COOLED NOZZLE 

COAL EXPANDED 
SROM OIAMEIPR 
di To d t  CONTROL RAM 

FIXED NOZZLE 

I ICONSTANT PRESSURE 
EXPANDED COAL 
ROD SERVO PRESSURE 

FROM MAIN RAM 2 B R W E R  PLATE 

FIG.S(a). - Magranmatic i l lustration of expansion 
principle. 

- 
F1G.U. - A back-prassure contml wetem - pulsed contml. 
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 FIG.^ - Hydraulic plunger press. 

FIG.S(b). - Mechanical expansion press. 

I 

i 
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.FIG.l2(a). - Photomicrograph of Tirpentwys br iquet te  showing 
deformation of vi t re in  p a r t i c l e s  A ,  B and C and grain. 
Orientation (dry) magnification 33. 

\ 

) a FIG&?( b). - Photomicrograph of Binley briquette made at llO°C 
showing plast ic  deformation of vi t ra in  with evidence 
that the particles are within 0.2 microns (the l imit  
of resolution) ( o i l ,  thin section). Magnification 310, 
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FIG.l2(c). - Photomicrograph of coal  baguette:  
no additional shear strain.  

P 

FIG.l2(d). - Photomicrograph of coal  briquette: 
72Om of additional shear strain. 

)I 

/ 
i 
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FIG.l2(e). - Photomicrograph of briquette made at 420°C showing 
exinite bridging (oil). Magnification 130. 


