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Shrinkage effects in viscose threads during drying are shown to be governed principally by the 
form of bondingi n the water  being eliminated, and the stabil ization of the pore s t ruc ture  of the 
threads is shown to be governed principally by the number of t imes they are repeatedly wetted 
and dried.  

Drying is one of the most  important  operations in the process  of v i scose- thread  production. A swollen 
v iscose  thread being dried from a mois ture  content of a lmost  200% of its absolute dry  weight shrinks by more 
than 10% of its initial volume during drying,  causing marked changes in the thread s t ruc ture  and affecting its 
physicomechanical  indices, capaci ty for dye absorpt ion,  capaci ty  for deformation,  etc.  In this connection, in- 
vest igations into the influence of the form of mois ture  bonding in viscose threads on the kinetics of the i r  de fo r -  
mation during drying can be used to provide a sound basis for selecting drying conditions to produce a high- 
quality mater ia l .  

The investigations are made on No. 60 viscose textile threads produced in the Kiev Artificial  F iber  Com- 
bine by the centrifugal  method of spinning. 

Thermographic  [1] and sorption [2] measurements  of the aqueous propert ies  of the threads under investi-  
gation, which cha rac te r i ze  the state of mois ture  in them according to the form of bonding, are shown in Table 

1. 

The viscose threads under investigation belong to the group of colloidal cap i l l a ry-porous  bodies [3], and, 
as can be seen from Table 1, they possess  a fa i r ly  well-developed macroporous  (with pores more  than 10 -7 m 

i n  radius) and mieroporous  (with pores less than 10 -? m in radius) s t ruc ture .  

The influence of mois ture  on the deformation of viscose threads during drying is investigated on an appa- 
ratus providing for  the automatic t racing of the curve of thread weight loss,  the curve of l inear  thread defor-  
mation,  and the curves  of ambient  temperature  and mois ture  during experiments  onto the tape of a recording 
po tentio me te r .  

A bunch of 50 threads with an initial length of (110-115) �9 10 -3 m is used in all the drying exper iments .  
The threads for  the bunch are  unrolled from a wet coil which has not been dried.  Before the exper iment  the 
bunch is wetted as much as possible with distilled water .  The drying experiments  are made with the following 
pa ramete r s  fo r  h e a t - t r a n s f e r  agents:  relative mois ture  content of the a i r  30% and tempera tures  of 313,353,  
and 393~ Curves of the dependence of the relative deformation of the threads e on the mois ture  content W 
of the bunch and curves  of the rate of drying and rate of deformation are plotted f rom the experimental  resul ts .  
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T A B L E  1. D i f f e r e n t i a l  W a t e r - R e ~ i n i n g  P r o p e r t i e s  of V i s c o s e  
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F i g .  1. Dependence  of the r e l a t i v e  d e f o r m a t i o n  of the bunch 
of t h r e a d s  ~ ~/o), r a t e  of d e f o r m a t i o n  d~/dT (~/0), and r a t e  of 
d r y i n g  dw/dT (kg/sec)  on the m o i s t u r e  c on t e n t  W (~) with the 
fo l lowing  d r y i n g  t e m p e r a t u r e s :  1) 313; 2) 353; and 3) 393~ 
The d a s h e d  l i ne s  i n d i c a t e  the r e g i o n s  of v a r i o u s  d i f f e r e n t  
f o r m s  of bonding b e t w e e n  the m o i s t u r e  and the t h r e a d s :  A) 
m a x i m u m  of a m o u n t  a d s o r b e d  m o i s t u r e ;  B) m a x i m u m  by 
h y g r o s c o p i c  con ten t ;  C) o v e r a l l  m o i s t u r e  con ten t .  

T h e s e  c u r v e s  a r e  g iven  in F i g .  1, in which  the v e r t i c a l  l ines  i nd ica t e  r e g i o n s  c o r r e s p o n d i n g  to the b o u n d a r i e s  
of the v a r i o u s  d i f f e r e n t  f o r m s  of bonding be tween  the m o i s t u r e  and the v i s c o s e  t h r e a d s .  

Tab le  2 shows v a l u e s  f o r  the m o i s t u r e  con ten t ,  r e l a t i v e  d e f o r m a t i o n ,  and r a t e  of d e f o r m a t i o n  c o r r e s p o n d -  
ing to the m o s t  c h a r a c t e r i s t i c  po in t s  on the c u r v e s  in F ig .  1. This  tab le  a l so  shows  the m a g n i t u d e s  of the r e l a -  
t ive  t h r e a d  d e f o r m a t i o n  c o r r e s p o n d i n g  to the e l i m i n a t i o n  of m o i s t u r e  f r o m  the m a c r o p o r e s  and m i c r o p o r e s  and 
of the a d s o r b e d  m o i s t u r e .  

It is c l e a r  f r o m  a c o m p a r i s o n  be tween  the c u r v e s  of F i g .  1 and the da ta  in Tab le  2 tha t  t h r e a d  s h r i n k a g e  
begins after the material has reached the first critical point ks, corresponding to the beginning of the fall in the 
drying rate. The most intensive thread deformation is observed as the moisture corresponding to the maxi- 
mum hygroscopic state is eliminated. The rate of deformation falls sharply when the adsorbed moisture is 
eliminated and thread shrinkage ends virtually simultaneously with the end of the drying process. As the tem- 
perature of the heat-transfer agent rises (within the range of variation under investigation), a growth is ob- 
served in the maximum relative thread deformation. As can be seen from the figure, a large proportion of the 
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Fig. 2. Wet t ing-dry ing  cyclograms for  a bunch of threads (a) and dependence of maximum 
relative deformation ema x ~G) on the number of dry ing-wet t ing  cycles  (b) at drying t empera -  
tures of 313~ (1) and 373~ (2). 

Fig. 3. Dependence of volume V (m3/kg) of the thread mac ropores  (1), micropores  (2), poly- 
molecu la r  adsorpt ion pores  (3), and monomotecular  adsorption pores (4) on the number  of 
wet t ing-dry ing  cycles .  

thread deformat ion occurs  over  the period of macrocap i l l a ry  mois ture  elimination (6090. The rest  of the de- 
format ion takes  place during the el iminat ion of microcap i l l a ry  mois ture  (30~ and of adsorbed mois ture  (10~). 

The capaci ty  of a dried thread for  swelling when brought into repeated contact with water  can be used as 
a s t ruc tura l  cha rac te r i s t i c  of the thread af ter  drying.  It is shown in [4, 5] that the thread acquires its final 
s t ruc ture  only when it is wetted and dried repeatedly.  

In this connection, the influence of the d ry ing-wet t ing  cycles  on the s t ructur ing and final deformation of 
v iscose  threads is investigated by the present  authors with two ser ies  of experiments  on drying threads at 313 
and 373~ Each se r ies  of exper iments  consis ts  of seven consecutive d ry ing-we t t ing  cycles  on the same bunch. 
The relative mois ture  content of the h e a t , t r a n s f e r  agent in all the experiments  is constant and equal to 30%. 

A cyc logram of changes in bunch length is shown in Fig. 2a, from which it can be seen that af ter  each 
wett ing the bunch length is not res tored  to the original value but is reduced and this is also observed af ter  each 
drying cycle.  Quantitatively, these changes in the bunch from cycle to cycle are dependent on the drying tem-  
pera ture .  The changes in the maximum relative deformat ion of the bunch of threads with the number  of cycles  
are  shown in Fig.  2b. The magnitude of the relative deformation of the bunch of threads in a cycle is defined 
as the rat io of absolute deformat ion to the length of a bunch wetted as much as possible �9 in that cycle .  As can 
be seen from Fig. 2b, considerable changes occur  in the relative deformat ion af ter  the f i r s t  drying and wetting 
cycles ,  and the value o r e  then remains vir tually constant .  

Concurrent ly  with the investigation into the influence of the cycl ic  r ecur rence  of drying and wetting on 
the final relative deformat ion of the threads ,  changes in the volume of the pores in the threads are  determined 
as a function of the number  of t imes these threads are  dried using the drying thermograph trace method. 

The dependence of the volume of the thread  pores  on the number of we t t i ng -d ry ing  cycles  is shown in 
F i g .  3 .  

An analysis  of the curves  in Fig.  3 reveals  that the reduction in the final relative deformation of chemi-  
cal  f iber  threads in the f i rs t  3-4 d r y i n g - w e t t i n g  cycles  is due principally to a reduction in the volumes of the 
mac ropo re s  and part ial ly to a reduction in the volumes of the mic ropo re s .  

1 1 7 0  



TABLE 2.  Influence of Fo rm of Mois ture  Bonding and Drying T e m p e r a t u r e  on the Kinetics of the 
P r o c e s s  of Thread  Deformat ion  

Experimenta 1 
temperature, 
"K 

313 

353 

393 

Moisture 
content cor- 
responding 
to beginning 
of deformation, 
~ 

140 

165 

170 

Moisture 
content cot- 
responding 
to maximum 
rate of de- 
formation, % 

20-45 

30-60 

30-60 

Maximum 
rate of de- 
formation 
%/rain 

0.25 
1.03 
1.60 

maximum 

5.9 
6.5 
6.9 

Relative deformation of thread~ % 

correspond ing 
to elimination 
of moisture 
from macro- 
pores 

3.2 

4.0 

4.3 

correspond ins 
to eliminatior 
of moisture 
from micro- 
pores 

1.4 
1.8 
1.9 

correspond ing 
to elimination 
of adsorbed 
moisture 

1.3 

0.7 

0.7 

Thus, shr inkage  effects  in v i scose  th reads  when d r i ed  a r e  governed p r i a c i p a l l y  by the forms  of bonding 
of the w a t e r  e l imina t ed ,  and the s t ab i l i za t ion  of the porous s t r u c t u r e  of the th reads  is governed  by the number  
of repea ted  d ry ing  and wetting ope ra t ions .  Cyc l ica l  w e t t i n g - d r y i n g  thus gene ra t e s  a s ign i f ican t  reduct ion in 
the vo lumes  of the m a c r o p o r e s  and m i c r o p o r e s .  

1. 

2.  

3. 
4. 
5. 

LITERATURE C I T E D  

M. F .  Kazanski i ,  R. V. Lutsyk,  and V. M. Kazanski i ,  in: Heat  and Mass  Transfer '  in D i s p e r s e  C a p i l l a r y -  
Porous  Bodies [in Russian] ,  Nauka i Tekhnika,  Minsk (1965). 
S. J. Gregg and K. S. Sing, Adsorp t ion  Surface Area  and P o r o s i t y ,  Academic  P r e s s  (1967). 
A. V. Lykov, Theory  of Drying [in Russian] ,  r  Moscow (1968). 
K. Goet tse ,  Viscose  Silk P roduc t ion  [Russian t rans la t ion] ,  Moscow (1958). 
V. A. Gruzdev and A. V. P a k s h v e r ,  D r e s s i n g  Viscose  F i b e r  [in Russian] ,  Otd. Viscoz.  Volokna Giz leg-  
prom (1956). 

I N T E R R E L A T E D  H E A T  A N D  M A S S  T R A N S F E R  IN 

A F L U I D I Z E D  B E D  IN A N  O S C I L L A T I N G  MODE 

V. A .  S h e i m a n  UDC 66.047.01 

The prob lem of the i n t e r r e l a t e d  hea t  and m a s s  t r a n s f e r  in a f luidized bed in an osc i l l a t ing  mode 
is fo rmula ted  with al lowance fo r  the c i r cu la t ing  motion of the p a r t i c l e s ,  and i t s  solut ion is ob-  
tained with some  a s s u m p t i o n s .  

As is known, a spec i f ic  p r o p e r t y  of hea t  exchange in a f luidized bed cons i s t s  in the fact  that the p a r t i c l e s  
of the bed undergo a b r i e f  t e m p e r a t u r e  pulse in a thin l a y e r  near  the g r id  owing to heat  t r a n s f e r  f rom the f luid-  
iz ing agent  to the p a r t i c l e  su r f ace .  The t e m p e r a t u r e  of a pa r t i c l e  fal ls  with g r e a t e r  d i s tance  f rom the g a s -  
d i s t r i bu t ing  g r id  because of the effect ive heat  conduction of the bed and the conduct ive propagat ion  of heat into 
the p a r t i c l e ,  and s t a r t i ng  with a c e r t a i n  height the bed becomes  i s o t h e r m a l .  Thus, the t e m p e r a t u r e  of a p a r t i -  
c le  in the l a y e r  n e a r  the g r id  d i f fe rs  f rom i ts  t e m p e r a t u r e  in the r ema in ing  volume.  This t e m p e r a t u r e  d i f f e r -  
ence can reach  cons ide r ab l e  amounts .  F o r  example ,  accord ing  to the e x p e r i m e n t a l  data of [1] the surface  of a 
m o i s t  g r a i n  pa r t i c l e  is heated by 20~ in 0.2 sec ,  by 30 ~ in 0.3 sec ,  and by 49 ~ a f t e r  0.5 sec .  Upon fu r the r  heat -  
ing the t e m p e r a t u r e  d i f fe rence  between the su r face  and c e n t e r  d e c r e a s e s ,  although even a f t e r  3 sec  it was s t i l l  
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