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Results  are  shown of an experimental  study concerning the heat t r ans fe r  f rom gases to p a r -  
t icles in spray  des icca tors  during the formation of hollow microglobules  f rom synthetic 
res ins .  

The growing demand for  pulverulent polymer  f i l lers  justif ies a scientific approach to production con- 
trol  and apparatus  design. 

It is well known that spray des icca tors  combined with ovens a re  best  suited for  the production of 
pulverulent f i l lers  f rom thermoset t ing po lymers  [1], namely chemical ly very stable low-density hollow 
spheroids.  Many data have been amassed  in the technical l i terature  pertaining to the development, the 
design, and the per formance  of spray des icca tors ,  but many difficulties a r i se  often when such an appara-  
tus is used for novel techrmlogica[ p roces ses .  The special  features  of the p roces s  involved in the produc-  
tion of hollow microglobules  f rom thermoset t ing po lymers  have to do with the requi rement  for a powder of 
a specific chemical  composit ion and geometr ica l  form.  One Source of problems here is the occur rence  of 
heat and mass  t rans fe r  in the same apparatus where chemical  conversions of the polymer  mater ia l  take 
place.  Such a combination of p rocesses ,  which occur  while the mass  is heated, accompanies  the formation 
of an elast ic  film on the surface of droplets ,  the generation of an excess  vapor and gas p r e s su re  inside the 
droplets,  and the formation of a hollow spher ica l  s t ructure  of par t ic les  during subsequent solidification. 

The authors have made an attempt to analyze the charac te r i s t i c s  of heat t r ans fe r  between gases and 
par t ic les  in such an apparatus,  and to establish cor re la t ions  which would be useful for design purposes .  
We consider  the heat t r ans fe r  f rom gases to droplets  of thermoset t ing phenol - formaldehyde (liquid Bakelite) 
which contains foaming agents (1-5%) as well as surface active additives (1%). The liquid compound has a 
density p = 1100-1200 k g / m  ~, a viscosi ty/z  = 2.1-2.4 N �9 s e c / m  2, and a surface tension cr = 0.026-0.031 N/m.  
The res in  contains, in addition to the ol igomer products  of phenol and formaldehyde condensation, also 15% 
"free" phenol and 23-24% water .  Hollow microglobules  of this formulation a re  widely used in the produc-  
tion of high-strength foams and in the drilling of oil wells. 

The kinetics of the p rocess ,  namely the solidification of liquid Bakelite, can be analyzed by the 
thermographic  or the d i f ferent ia l - thermal  method with a der iva togram taken in ambient a i r  (Fig. 1). The 
heating rate  in our experiment was equal to 0.07 deg / sec .  The the rmogram revealed an endothermal peak 
f rom 320 to 420~ with the maximum at 381~ which may be attributed to the evaporation of water  and 
phenol. The endothermal  peak f rom 420 to 485~ with the maximum at 475~ is due to the react ions in 
phenol - formaldehyde  res in  during solidification. Within this tempera ture  range the volatile products  of the 
react ions are  re leased  at a high rate .  

The rate of heat t r ans fe r  f rom gases  to par t ic les  inside spray des icca tors  is usually est imated on 
the basis  of the m e a n - o v e r - t h e - s u r f a c e  or  the mean-ove r - the -vo lume  coefficients.  The t ransi t  t ime and 
the surface area of par t ic les  during the formation of hollow microglobules  is par t icular ly  difficult to ca l -  
culate, because changes in the density and the size of these par t ic les  follow complicated trends.  For  this 
reason,  in our opinion, engineering calculations based on the mean-over - the -vo lume  heat t r ans fe r  coeffi-  
cient for  the entire apparatus will be sufficiently rel iable.  For  these calculations we use the formula 
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Fig. 1. The rmograms  (1, 2) and di f ferent ia l - thermal  curve (3) of the heating 
of liquid Bakelite: 1) s t r i p - cha r t  r eco rd  of specimen tempera ture  T (~ vs 
time r (sec); 2) tempera ture  d i f ference/T (~ between test  specimen and 
reference  specimen, as a function of the reference  tempera ture  T'  (~ 

Fig.  2. Volume coefficient of heat t ransfer  f rom gases  to par t ic les  a v (W/mE 
deg), as a function of: 1) initial gas tempera ture  T i (~ 2) droplet  d iameter  
d32 (~); 3) mean gas velocity in the des icca tor  u (m/sec) .  

Q = ~z~VAT m ,  (1) 

where AT m denotes the mean tempera ture  difference between the ambient medium and the surface of p a r -  
t icles .  

The tests  were pe r fo rmed  in paral le l - f low spray des icca tors  with a capacity of 5 and 100 l i t e r s /h .  
The des icca tors ,  1.2 and 2.5 m in diameter ,  respect ively,  had been equipped with meter ing  pumps, ovens, 
wet scrubbers ,  and receptacles  for the end product,  with control  and measur ing  inst ruments .  The spray 
was generated by means of two-stage or  three-s tage  pneumatic nozzles with external  mixing. In the 
l a rge r  des icca tor  (2.5 m in diameter)  we operated with the th ree-s tage  pneumatic nozzle of a special  de-  
sign, allowing for adjustments of the liquid annulus within a 0.4-1.0 mm range of thickness.  The mean-  
ove r - the - su r f ace  d iameter  of droplets d32 varied within the 27-78 t~ range. The dispersivi ty of droplets  
was est imated by the method in [2]. Both the thermal  and the hydrodynamic modes of operation in both 
des icca tors  were made to correspond to the the rmogram and to the p rocess  technology. The inlet gas 
tempera ture  T i was varied f rom 573 to 653~ the mean-ove r - the - sec t ion  gas velocity u was varied from 
0.1 to 0.38 m / s e e .  The mean thermomotive force ATm was calculated as the logari thmic mean difference 
between the initial and the final gas and par t ic les  (droplets) t empera tures .  The mean-over - the -vo lume 
heat t ransfer  coefficient was determined,  as a function of the par t ic le  d iameter  as well as of the gas tem-  
pera ture  and velocity. The heat of chemical  react ions was calculated according to the data in [3]. 

The coefficient ~v  is shown in Fig. 2, as a function of Ti, u, and d32 , on the basis  of the test  data 
for the smal le r  des iccator  (1.2 m in diameter) .  It is quite evident here that variat ions in T i and u within 
the given ranges have little effect on ~v.  An increase  in the diameter  d32 f rom 27 to 78/~ causes  an ap-  
proximately 107o decrease  in ~v.  Analogous relat ions have also been obtained for  the l a rge r  des iccator  
(2.5 m in diameter) .  A computer-a ided evaluation of the test  data (85 test  runs) in t e rms  of the Nusselt  
number,  the Reynolds number,  the ra t io  G/oL,  and the ratio d32/D has made it possible to general ize 
them by the following relation: 

Nu o = 4.33.10 8--0-6 d3~ ReOm ' (2) 
9L 19 

where 

a 2 4Ld32 ~ '~  
Nuv= ~d32 . R e =  �9 L = u - - ~ - D ' .  
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Relat ion (2) is valid for  Re = 0.06-0.80 and G = (0.8-22.0) �9 10 -3 k g / s e c .  The physica l  p a r a m e t e r s  were  
m e a s u r e d  at  a gas t e m p e r a t u r e  in the d e s i c c a t o r s  within the 483-565~ range.  

The low values  obtained for  a v in these t e s t s  can, apparent ly ,  be  a t t r ibuted to t hecompl i ca t i o n  of 
the p r o c e s s  by chemica l  convers ions  of pheny l - fo rma ldehyde  res in ,  these chemica l  convers ions  being suf-  
f iciently fas t  at  high t e m p e r a t u r e s  only. A product  of chemica l  reac t ions  which occur  throughout the so l i -  
dification p r o c e s s  is  water .  The pa t t e rn  he re  r e s e m b l e s  the second stage of a des icca t ion  p r o c e s s ,  
c h a r a c t e r i z e d  by a low ra te  of heat  t r a n s f e r .  The d i sc repancy  between calculated and m e a s u r e d  values 
does not exceed 12%. 

Relat ion (2) has been used  for  set t ing up a product ion of f i l le r  foam.  The r e su l t s  of this study may 
a lso  be  helpful fo r  analyzing the sp ray  des icca t ion  of var ious  p o l y m e r s  and for  designing the appropr ia te  
appa ra tus .  

N O T A T I O N  

Q is the quantity of heat t r a n s f e r r e d  to the m a t e r i a l ,  J / s e c ;  
V is  the volume of the des i cca to r  chamber ,  m3; 
T is  the t e m p e r a t u r e ,  ~ 
d32 is the v o l u m e - s u r f a c e  d i am e t e r  of droplet ,  m;  
u is  the gas veloci ty,  r e f e r r e d  to the des i cca to r  section,  m / s e c ;  
G is  the flow ra te  of liquid, k g / s e c ;  
L is the flow ra te  of gas ,  m3/ sec ;  
D is the de s i cca to r  d i ame te r ,  m;  
/~ is the dynamic v i scos i ty  of the liquid, N .  sec /m2;  
p is the densi ty  of the liquid, k g / m  3, 
cr is the sur face  tension of the liquid, N / m ;  
v is the k inemat ic  v i scos i ty  of the gas,  m2/sec ;  

is  the t he rm a l  conductivity of the gas,  W / m  .deg;  
a V is  the volume coeff icient  of heat  t r a n s f e r ,  W / m  3. deg; 
7r is  a constant;  
Nu i s t h e  Nusse l t  number ;  
Re is the Reynolds number .  

S u b s c r i p t s  

v denotes the volume;  
i denotes the init ial  conditions; 
m denotes  the mean  value.  
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