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The specific weight of finely dispersed porous particles is a unique 
characteristic of the material if the particles forming the bed are 
identically packed, A measure of this packing is the least volume 
occupied by the bed when compacted by vibration. 

An actual fluidized bed of d i spe r sed  pa r t i c l e s  is  
charac te r ized  by many p a r a m e t e r s ,  including the 
very  impor tant  cha r ac t e r i s t i c s  of the ma te r i a l  i tself :  
par t ic le  size and na tu re  of poiydispers i ty ,  specific 
weight (for porous m a t e r i a l s ,  bulk weight), pa r t i c le  
shape, and degree of roughness ,  mois tu re  absorpt ion,  
and abi l i ty  of acquir ing charge.  A knowledge of the 
geometr ic  and g ray[met r i c  cha rac t e r i s t i c s  of the ma-  
t e r i a l  pe rmi t s  a ce r t a in  evaluat ion of the ini t ia l  s tate 
of the fixed bed. This is  the s tar t ing  point for a de-  
scr ipt ion of the f luidizat ion k ine t ics .  

Fig. i. Photomicrographs of 
polydisperse polymer mater- 
ials (• 37): a) polycaprolactam, 

b) polyethylene. 

For p las t ics  in powder form it is  very  difficult to 
de te rmine  the par t i c le  cha rac t e r i s t i c s .  The size, 
shape, surface  roughness ,  and polydispers i ty  of these 
pa r t i c l e s  (Fig. 1) cannot be uniquely determined.  The 
considerable  in te rna l  porosi ty  of the pa r t i c l e s  com- 
bined with the factors  enumera ted  above make it  i m-  
poss ible ,  using o rd inary  methods,  to obtain a unique 
charac te r i za t ion  of the in i t ia l  s tate of the bed and to 
specify a s ingle g rav ime t r i c  cha rac te r i s t i c .  Moreover,  
owing to the inde te rminacy  of Re, or more  exactly d, 
the method, developed by Ergun,  of obtaining 7m 
from AP = f (H ,  Re, 7b, Ym) does not give sa t is factory  
resu l t s  [1]. None of the methods of averaging d gives 
re l iab le  values ,  s ince it  is imposs ib le  to obtain a 

na r row frac t ion of the polymer.  This is  a t t r ibutable  
to the strong e lec t r iza t ion  of the par t ic les ,  which 
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Fig. 2. Thickness  H (cm) of d i spersed  mate r i a l  
as a function of re la t ive  v ibra t ional  acce l e r a -  

t ion q: 1) polycaprolactam; 2) polyethylene. 

causes  unavoidable aggregation.  For  the same reason  
an accura te  p ic ture  of the ma te r i a l  po lydispers i ty  
cannot be obtained. Never the less ,  it  is  possible  to 
propose an exper imenta l  method of evaluat ing 7m 
together with some ini t ia l  s tate  of a powdered-plas t ic  
bed. The specific weight will  se rve  as a unique char -  
ac te r i s t i c  of the ma te r i a l  if the par t i c les  are  packed 
in the same way. Numerous  exper imenta l  data show 
that a measu re  of this  packing is the least  volume 
occupied by the ma te r i a l  when compacted by vibrat ion.  

Vibrat ion can cause both compaction and loosening 
of the ma te r i a l ,  depending on the physical  p roper t i e s  
of the medium and the v ibra t ion conditions.  At low 
re la t ive  v ibra t ional  acce le ra t ions  (q -< 1) the bed 
moves together  with the v ibra t ing  surface and is com- 
pacted. Compaction cont inues until  all  the gaps and 
"slack" in  the bed have been e l iminated.  It can be 
a t t r ibuted to the act ion of ine r t i a  forces  that mechani -  
cally compress  the bed and to the reduced f r ic t ion  
between individual pa r t i c l e s  v ibra ted  under the in-  
f luence of gravity.  As q i n c r e a s e s ,  an ins tant  a r r i v e s  
at which the bed begins to loosen. Theoret ica l ly ,  this 
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Fig. 3. Specific weight Tm (g/cm 3) of vibration- 
compacted material as a function of the bulk 
thickness of the bed H b (cm): i) polycaprolactam; 

2) polyethylene. 

state corresponds to q = i; in practice, significant 
expansion of the bed begins at q = 3-5 (Fig. 2). If 
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the v ibra t ional  acce le ra t ion  is  too low, the par t i c les  
will not be packed to maximum densi ty,  s ince the 
vibra t ional  energy is rapidly at tenuated over the thick- 
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Fig. 4. De te rmina t ion  of 
max imum-dens i ty  bed 
thickness  Hm. d without 
v ibra t ion  of the ma te r i a l .  

ness  of the bed. For  the same reason  i t  is imposs ib le  
to compact  ve ry  thick beds, For  po lycarpro lac tam and 
high-densi ty  polyethylene, the max imum bed thick- 
nesses  at which it is possible  to obtain a uniformly 
dense bed a re  7 -8  and 4 - 5  cm, respec t ive ly  {Fig. 3). 

Vibrat ion so compacts  the bed and orders  its s t ruc -  
tu re  that as soon as the gas is admitted through the 
v ibra t ing  gr id the bed monotonical ly expands. Its thick-  
ness  i nc rea se s  in proport ion to the flow ra te  of the 
fiuidizing agent. This pe rmi t s  ce r ta in  simplifying 
assumpt ions .  Since there  is no percola t ion  of gas 
through the fixed compacted bed, the poros i ty  of the 
bed is a r b i t r a r i l y  assumed  equal to zero, This is dif-  
ficult  to imagine,  s ince the po lymer  par t i c les  a re  
far  f rom being para i le lepipeds  f rom which a bed with 
zero porosi ty  could be obtained. The shape of the 
polymer  par t i c les  excludes the poss ib i l i ty  of absolutely 
dense packing, and there  wilt always be pores between 
the par t i c les .  However, the size of these pores  is  so 

smal l  that the gas is  unable to overcome the i r  r e s i s -  
tance. Moreover ,  a ve ry  thin f i lm of gas,  enveloping 
the developed surface of the par t ic le ,  will not pa r -  
t icipate in the genera l  motion of the medium, even 
after  fiuidization. Accordingly,  it  i s  des i rab le  to 
introduce the concept of an effective porosi ty  and 
a s sume  it equal to zero  for v ibra ted  beds with maxi -  
mum density.  This  assumpt ion  does not leadto  ser ious  
e r r o r ,  and provides  a convenient ,  well defined ini t ia l  
s tate of the bed. 

The dependence of the bed volume (thickness) on 
the gas flow ra te  in the f i r s t  stage of the f iuidization 
p rocess  offers a s imple  means  of checking the degree  
of compaction. If the ma te r i a l  is  not fully compacted 
or if only the lower par t  of the bed is  compacted while 
the upper regions  a re  loosely packed the  expansion 
curve deviates f rom a s t ra ight  l ine and bends slightly 
upward (Fig. 4, dashed line). 

Assuming  that the effective porosi ty  of the bed is  
zero, we de te rmine  the specific weight of the ma-  
te r ia l ,  including the gaps between pa r t i c l e s  in the 
porosi ty of the par t ic les  themse lves .  The specific 
weight of a cons iderable  number  of polymer  ma te r i a l s  
have been de te rmined  by this  method (Table 1). 

For  high-densi ty  polyethylene,  t rea t ing  the pores  
between the par t i c les  in a dense bed together with the 
in te rna l  porosi ty of the par t i c les  themselves  does not 
lead to a ser ious  e r r o r .  Thus,  according to the data 
of [2], the pore volume of h igh-dens i ty  polyethylene 
is 3.412 cm3/g. If 0.94 g / c m  3 is the specific weight 
of the monolithic ma te r i a l ,  the volume of one g ram 
of porous ma te r i a l  will be 3.412 + 1.065 = 4.477 cm 3, 
which gives a specif ic  weight of 0.224 g/era  3 (in our 
exper iments  0.26 g/cm3). The slightly g rea te r  density 
of our ma te r i a l  is re la ted  to the par t ic le  d ispers i ty .  

The speci f ic  weight Yra of the densely packed ma-  
t e r i a l  can be de te rmined  without v ibra t ing the bed 
(Fig. 4). At least  two points mus t  be de te rmined  at 
which the ma te r i a l  begins to expand f r o m  any s t a r t -  

Table 1 

Polydispers i ty  and Specific Weight of Powdered Po lymer  Mater ia l s  

Designation of Ma- 
terial (standard, 
specification) 

Granulometric composition, 

75-105 105-160 150-250 

37 21 8 

6,5 36 2 

25 17 13 

16.5 42 10 

42.5 18 4 

28 34 9. 

12 8 3. 

13 9 8 

2.5 10 12 

45,5 36 9 

19 40 32 

25o--31 

.5 

.0 

.5 

,5 

.5 

.5 

.5 

.5 

Polycaprolactam* 
VTU UkhP-69-58 

Polyamide I)-68" 
�9 GOST I00589-63 
Polyamide AK-7* 

VTU P-328-63 

Kaprolon "V" 
VTU P-382-64 

Kaprolon "S"  
VTU P-382-64 

Polyethylene, high- 
" density 

MRTU-0.5-890-64 
Polypropylene STU 

36-13-64 
Polyformaidehyde 
STU 36-13-64 

Polystyrene GOST 
9440-60 

Fluoroplast 3-P VTU 
MKhP M-518-54 

Polyvinyl butyral 
GOST 9439-60 

Specific 
weight 
X 10 "3, 
kgf]m3 

0.23 

0,35 

0.22 

0.33 

0.44 

0.26 

0.34 

0.52 

0.53 

0.70 

0.37 

e GOST (TU) for granulat d material, powder obtained by chemical reprecipitat/on. 
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Table 2 

Specific Weight of Powdered Polycapro lac tam as a Funct ion of Gran-  
u lomet r ic  Composi t ion 

Parameter <56 [ 55--75 

Specific weight O. 232 
• 10-3 kgf/m3 0.281 

Particle size, # 

75--105 

0.259 

i05--150 [ 150--250 

0.253 0.242 

250--315 

0,236 

315--420 

0.234 

ing th ickness  of the fixed bed. For  example,  take a 
ce r ta in  bulk th ickness  H b as the ini t ia l  th ickness  of 
the bed. At f i r s t  the gas f i l t e r s  through the bed, but 
at a ra the r  specif ic  f i l t ra t ion  ra te  (in our case w b) 
the ma te r i a l  begins  to expand. Thus,  we obtain the 
f i r s t  point a. The coordinates  of the other point a re  
s imi l a r ly  de termined.  For  this purpose  it  is con- 
venient  to take the pre-expanded bed He. b, obtained 
by re tu rn ing  the f luidized bed to the fixed state.  The 
point b, cor responding  to the beginning of expansion 
of the bed at the s tabi l i ty  l imi t ,  i s  quite remote  f rom 
the point a. This  pe rmi t s  us to cons t ruc t  a more  ac-  
curate  expansion curve.  Extrapolat ing the s t ra ight  
line drawn though a and b to w = 0 we obtain the maxi-  
mum compac ted -ma te r i a l  th ickness  (Hm.d). 

Since the specific weight of the ma te r i a l  in  the 
densely packed state has a definite Valuewe can evalu-  
ate the change in the porosi ty  of the par t ic les  as they 
become f iner .  The data for polyeaprolac tam are  p r e -  
sented in  Table 2. 

The apparent  lack of cor respondence  between the 
specific weight of the polydisperse  ma te r i a l  and that 
of the monofract ional  beds is easi ly  explained. In 
fact, the specific weight of polydisperse  po lycapro-  
lac tam was de te rmined  under the same conditions as 
for na r row- f r ac t i on  kapron par t i c les ,  i .  e. ,  the v i b r a -  
t ion t ime  was 10 min.  Whereas  this is sufficient  for 
monofract ional  ma te r i a l s ,  it i s  not enough for poly-  
d i sperse  ma te r i a l s .  When vibrated,  polydisperse  
ma te r i a l s  tend to separa te ,  the l a rge r  par t i c les  mi -  
gra t ing  upward. After  prolonged vibra t ion (severa l  
hours) a densi ty of 0.255 g / c m  3 can be attained.  

Thus, the tendency to separa t ion  p reven ts  the 
ordered  downward motion of the par t ic les  dur ing 

compaction, the l a rge r  ones tending to move in the 
opposite direct ion.  This r e t a rds  the compaction pro-  
cess .  Since separa t ion  is  too long a process  and un- 
des i rab le  in deposit ing coatings,  the values  of the 
specific weights given in the table for potydisperse  
ma te r i a l s  a re  somewhat too low as compared with 
the possible  " theoret ical"  values.  For  prac t ica l  pur -  
poses the difference is ins igni f icant  and does not lead 
to a se r ious  e r r o r .  

NOTATION 

7m is the specific weight of the par t ic les ;  7b is the 
bu lk  weight of the mate r ia l ;  H is  the th ickness  of the 
bed; H b is  the bulk th ickness  of the bed; He. b is the 
th ickness  of the expanded bed; Hm. d is the th ickness  
of the max imum-dens i ty  bed; w is  the f i l t ra t ion  rate;  
w b is the rate  cor responding  to the onset of bu lk-  
bed motion; We. b is the f i l t ra t ion ra te  cor responding  
to m i n i m u m  fluidization; q = Ace2/g is the re la t ive  
v ibra t ional  acce lera t ion;  A is the v ibra t ion  amplitude; 

is  the angular  v ibra t ional  accelera t ion;  g is the 
acce le ra t ion  of gravity;  Re is  the Reynolds number ;  
d is the par t ic le  d iameter .  
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