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The state of po l ym er  powder beds  is analyzed in b a r r e l s  v ibra t ing ver t ica l ly  at f requencies  
f rom 10 to 200 Hz and at acce le ra t ions  f rom 1 g to 35 g. 

Po lymer  powders  a re  ftuidized for  var ious  pu rposes  in the chemical ,  the machinery ,  the dye-and-  
varn ish ,  and other  indust r ies .  Such beds a r e  fluidized by var ious  methods:  whirling, vibrat ion,  whirl ing 
and vibrat ion,  e lec t ros ta t ica l ly ,  etc.  

Various r e s e a r c h e r s  [1, 2] have found that a bed of d i spe r se  ma te r i a l  may e i ther  thicken or  expand 
under  the influence of v ibra t ions .  A stat ic  p r e s s u r e  higher  than the p r e s s u r e  of the ma t e r i a l  column is 
produced in the bed. Expansion begins when the re la t ive  acce le ra t ion  exceeds  the unity level .  According 
to p reva len t  opinion [3], 1.1-1.2 is the m ax i mum expansivi ty of a po lymer  powder bed under  vibrat ion.  
This  would a lmos t  prec lude  the feas ibi l i ty  of using v ib ra to ry  suspension beds  deposit ing po lymer  coats  on 
pa r t s .  The re la t ive  acce le ra t ion  d e c r e a s e s  along the bed height, which r e su l t s  in a segregat ion  of p a r -  
t ic les  with r e spe c t  to weight as well as s ize.  

The authors  studied the feasibi l i ty  of fluidizing po lymer  powder beds  by vibrat ion,  for  the coating of 
me ta l  p a r t s - s u b s t r a t e s .  The following po l ymer  compounds were  used,  all  spec imens  of the same 200-250 

gra in  s ize fraction: po lycaproamide  (PCA), pentap!as t  (PP), l o w - p r e s s u r e  polyethylene (LPE), and poly-  
vinyl butyrene  (PVB). In some cases ,  in o rde r  to detect  the effect  of the d i spers iv i ty  on the state of su s -  
pension beds  produced by vibrat ion,  we a lso  tes ted powders  of the 50-100 g grain size fract ion.  F lu id iza-  
tion was effected in t r anspa ren t  b a r r e l s  75, 90, 120, 160, 260 m m  in d i ame te r  with ve r t i ca l  graduat ion 
m a r k e r s  to indicate the height. The vibrat ion p a r a m e t e r s  were  var ied  as follows: f requency (f) f rom 10 
to 200 Hz and acce le ra t ion  (j) f rom 1 g to 35 g, the initial bed height in all  t es t s  was H 0 = 100 ram. A t r an -  
sition of the bed f rom one s tate  to another  was r eco rded  c inematographica l ly  at the ra te  of 32 f r a m e s  p e r  
Second. The t ransi t ion points have been plotted in j, f coordinates  and curves  through these points  r e p r e -  
sent the boundar ies  between different  zones of fluidization s ta tes .  

Under the influence of ve r t i ca l  vibrat ion,  a powder bed can e i ther  thicken, r ema in  s ta t ionary  (appa- 
rently),  o r  expand. The bed expansion, which is cha r ac t e r i z ed  by the coefficient  k e = He/Hi ,  de te rmines  
the feasibi l i ty  of dipping into the bed a piece  of definite size and shape for  coating its sur face  with po lymer .  
Expansion by a fac tor  1.2-1.3 is caused by the movement  of p o l y m e r  pa r t i c l e s  within the upper  bed l aye r  
only. Such a s tate  is tentat ively cal led "fluid," to different ia te  it f rom the "boiling" state (ke = 1.3-1.8) 
with pa r t i c l e s  moving throughout the volume.  The m a x i m u m  expansivi ty at tained with the given p o l y m e r  
m a t e r i a l s  in our  vibrat ion tes ts  was k e = 1.8. 

P o l y m e r  powders  produced industr ial ly  a re  d i spe r se  and an i somet r i c  m a t e r i a l s .  The d ive rs i ty  of 
shapes,  s izes ,  poros i ty  levels ,  and polar i ty  explain the different  mo i s tu re  absorpt ion,  agglomerat ion ,  and 
e lec t r iza t ion  c h a r a c t e r i s t i c s  of these m a t e r i a l s  as well  as the format ion  of fluidized beds  with different  
expansivi t ies  and different  degrees  of homogenei ty  in the dis t r ibut ion of pa r t i c l e s  in the b a r r e l .  PCA (200- 
250 ~t grain  size fraction) becomes  "fluid" and then "boiling" at low f requencies  (20-40 Hz) under  a c c e l e r a -  
tions 4-6 g and 10-12 g, r e spec t ive ly  (Fig. la) .  "Fluidizat ion" of PCA within the 50-80 Hz frequency occu r s  
under  lower acce le ra t ions  (3 g or  less) .  The lowest  "fluidization" and "boiling" acce le ra t ions  for  PCA 
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Fig. 1. Boundaries between the states of a PCA powder 
bed under vibration: a) powder dispersivi ty  250 ~; b) pow- 
der  dispers ivi ty  50-100 #; I) boiling zone; IT) fluidization 
zone; HI) thickening zone. Accelera t ion ] (m/sec2); f r e -  
quency f (Hz). 

correspond to a 70 Hz frequency (i g and 7 g, respectively). The 70 Hz frequency is, evidently, in a way 
the resonance frequency of the given system. 

As the particle size is decreased from 200-250 to 50-100 p, the transition of a polymer bed to the 
"fluid" state by vibration becomes easier. Thus, a PCA bed of the 50-i00 p grain size fraction begins to 
"boil" at 3.5 g and to "fluidize" at 3 g within the resonant frequency range (Fig. ib); the respective acce- 
leration levels for the 200-250 ~ grain size fraction of PCA are  7 g and 1 g. The difference between the 
states of po lymer  beds of different grain size fract ions is explained by the different mass  of par t ic les  and 
different magnitude of interaction forces  which affect the "fluidizing" and "boiling" vibration pa ramete r s .  

Analogous relat ions exist for low-pressu re  polyethylene, polyvinyl butyrene,  and pentaplast powders 
(all mate r ia l s  of the 200-250 # grain size fraction). The boundary curves  between the "thickening" and the 
"boiling" zone for PP  and PVB are c loser  to the axis of ordinates  than the corresponding curves  for PCA 
and LPE,  because of the nar rower  "fluidization" zone in the f i rs t  case. The more  difficult transit ion of 
PCA and LPE to the "boiling" state by vibration than such a transit ion of PP and PVB (indicated by the 
much la rger  area  of the "fluidization" zone on the diagram) has apparently to do with the higher e lec t r i za -  
tion ability of PCA and LPE powders.  

The tread of the curves  which bounds the "boiling" zone for PP  (Fig. 2) is s imi lar  to that of the PCA 
curve,  but in the fo rmer  case it lies within the range of lower accelerat ions .  Thus, for PP  the acce l e ra -  
tion of transit ion to "boiling" is 7 g at 30-40 Hz frequencies and 3.5=-6.0 g at 50-70 Hz frequencies;  in o rder  
to "boil" a bed by vibration at 85 o r  90 Hz, the necessa ry  accelerat ion is respect ively  12 g and 16 g. A 
compar ison between curves  which separate  the "boiling" zone from the "fluidizing" zone for  the given poly-  
m e r s  (Fig. 2) indicates that a transit ion to the "boiling" state is eas ies t  for lPVB, then for PP, LPE,  and 
most  difficult for PCA (at the same bed height and With the same part ic le  size). Our data on polymer  pow- 
ders  within the range of low vibration frequencies  disagree with the data in [1], where the high poros i ty  of 
a quartz sand bed was attained at the same accelera t ion levels but at low vibration frequencies.  In the case 
of po lymer  beds, the maximum poros i ty  is attained at constant accelera t ions  within the resonant  frequency 
band for a given sys tem (approximately 60-75 Hz). 

On the basis  of the data obtained here,  it is possible to recommend the proper  range of frequencies 
and accelera t ions  for the vibration t reatment  of po lymer  powder beds into "boiling"; the data can also be 
useful in the design of diverse specia l -purpose coating apparatus for various different substrate  mater ia ls .  
A "boiling" bed of PCA or  LPE is produced by vibration at 70-75 Hz and a "boiling" bed of PVB or  PP  is 
produced by vibration at 60 Hz (at whichever accelera t ion is lowest for each polymer  material) .  

Changing the ba r r e l  d iameter  f rom 75 to 260 ram, with all other fac tors  unchanged, will lower the 
displacement  amplitude f rom 0.75 to 0.15 mm (the minimum accelera t ion ]min necessa ry  for "boiling" a 
po lymer  bed changes then f rom 1 g to 3 g) (Fig. 3, curve 1). This can be explained by a change in the 
frict ion forces  between po lymer  par t ic les  and ba r r e l  walls, which impede the transit ion of a bed to the 
"boiling" state, and is confirmed by the analogous trend of curve 2 in Fig. 3 represent ing S/V as a func- 
tion of the ba r r e l  diameter .  With a l a rge r  ba r r e l  diameter ,  the free surface becomes  la rger  and the energy 
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Fig. 2. Boundar ies  between the "fluidization" zone and the 
"boiling" zone for  p o l y m e r  powders:  1) PCA; 2) PP;  3) 
LPE;  4) PVB. G r a i n s i z e  f r a c t i o n o f a i l p o w d e r s  200-250 p. 
Acce lera t ion  j (m/sec2),  f requency f (Hz). 

Fig. 3. Vibration ampli tude A (mm, curve  1) and S/V ra t io  
(ram -1, curve 2) as  functions of the b a r r e l  d i ame te r  d (mm), 
for  a PCA bed brought  to "boiling" by vibrat ion.  
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Fig. 4. Height of bed lift  H (ram) as a 
function of the vibrat ion amplitude A 
(mm); for  LPE (solid line); for  PVB 
(dashed line); for  P e A  (dashed-dotted 
line): 1, 1') 50 Hz; 2, 2') 60 Hz; 3, 3') 
70Hz;  4, 4') 80Hz .  

loss  on overcoming  fr ic t ion fo rces  at the b a r r e l  walls  de-  
c r e a s e s ,  resu l t ing  in a lower  amplitude for  t ransi t ion to 
"boiling." 

The feas ibi l i ty  of producing po lymer  coats  on pa r t s  �9 by 
dipping the l a t t e r  into fluidized beds  depends on a dec rea se  in 
the bed density during expansion. L a r g e r  and m o r e  in t r ica te ly  
shaped p a r t s  requi re  a g r e a t e r  bed expansivi ty.  It is noted 
that a higher  coefficient  k e r e su l t s  in a m o r e  inhomogeneous 
dis tr ibut ion of the solid phase  over  the b a r r e l  volume and this,  
in turn, r e su l t s  in a nonuniform coat thickness with discon-  
t inuities ve r t i ca l ly  a c r o s s  the sur face  - when the ent i re  
volume of the fluidized bed is  act ive.  In this case  the coat 
mus t  be produced by dipping the pa r t  into the mos t  homogen-  
eous region of the bed, namely into the center  of the b a r r e l  
volume.  The bed regions  near  the bot tom and the walls  should 
be avoided. 

The He = f(A) relat ion,  at constant  f requencies ,  is r e p -  
r e sen ted  by s t ra ight  lines (Fig. 4) with the slope constant  for  
any given po lymer  ma te r i a l .  The bed expansion at f = const 
is p ropor t iona l  to the acce lera t ion .  Segments of these s t ra ight  
l ines below the axis  of a b s c i s s a s  co r respond  to the thickening 
of po lymer  pa r t i c l e s  at re la t ive ly  low vibrat ion ampli tudes .  

During the operat ion of v i b r a t o r s  it is usual ly  poss ib le  to regulate  the d i sp lacement  ampli tude at  a 
constant  frequency.  In this case  ampl i tudes  ranging f rom 0.5 to 1.0 m m  a re  sufficient for  "boiling" a bed 
at  the s y s t e m ' s  resonant  frequency.  The f a r t he r  away the vibrat ion f requency is f rom resonance ,  e i ther  
above or  below, the higher  v ibra t ion ampli tudes  a r e  requi red  for  "boiling" the p o l y m e r  ma te r i a l  and ex-  
panding the bed. 

f 

J 
Jmin 
A 
ke 
He 

NOTATION 

is the vibrat ion frequency;  
is the v ibra t ion  accelera t ion;  
is the min imum acce le ra t ion  n e c e s s a r y  for  the t rans i t ion of a bed to the "boiling" state;  
is the v ibra t ion amplitude; 
is the bed expansivi ty;  
is  the height of the expanded bed; 
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H i is the initial  height of a bed; 
S is the act ive sur face  a r e a  of b a r r e l  wails  in contact with p o l y m e r  pa r t i c l e s ;  
V is the volume of "fluidized" bed; 
d is the b a r r e l  d iamete r .  

i~ 

2. 
3. 
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