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This paper deals with methods of combining the drying curves obtained 
in different conditions into a single curve, the analysis of the kinetics 
of the process, and methods of calculating ~e duration of drying of 
materials. The proposed method of calculation is a development of 
Lykov's method. 

The dry ing  of many  m a t e r i a l s  takes  place in the 
per iods  of cons tant  and fa l l ing dry ing  ra te  (the heat ing 
per iod is not  cons idered) .  

The expe r imen ta l  curves  of the k ine t ics  of d ry ing  
of a specif ic  m a t e r i a l  under  va r ious  condit ions by a 
p a r t i c u l a r  method and with the same  ini t ia l  m o i s t u r e  
content  form a fami ly  of cu rves .  

The equation of the dry ing  curve in the f i r s t  per iod 
has the fo rm 

u = u i - -  N ~. (1) 

In Eq. (1) the m o i s t u r e  content  can va ry  in the range  

u . > u  1 ~ Ucrl" 

The second dry ing  per iod  begins  in all  condit ions 
at Ucrt and t ime zi, which is equal to the dura t ion  of 
the f i r s t  d ry ing  per iod  and ean be taken as the t ime 
or ig in  for  the second period.  

As we know from [1], the d ry ing  curve  in the second 
period,  plotted in the s emi loga r i t hmic  coordinates  
l g ( ~ -  ue) and 7, is e i ther  a s t ra igh t  l ine or a l ine 
composed of two (or occas iona l ly  three)  s t ra igh t  p o r -  
t ions, which indicates  the ex is tence  of two (or three)  
pa r t s  in the second period.  These s t ra igh t  por t ions  
i n t e r s e c t  at points co r r e spond ing  to the c r i t i ca l  m o i s -  
tu re  contents  Ucr 2 (and Ucr3), which a re  eas i ly  found 
f rom the dry ing  curve  in s emi loga r i t hmic  coord ina tes .  
The equat ions  of these s t ra igh t  por t ions  are:  

For  the f i r s t  par t  of the second period 

Ig (u - -  ue) = 1~ (Ucr , --  u-e) - - K f f  (2) 

(here the moi sk t r e  content  l i es  in the range-f icr l  - 
_> ~_> Ucr2, and the t ime  T is m e a s u r e d  f rom the onset  
of reduct ion  in m o i s t u r e  content  in the f i r s t  par t  of 
the second period);  

for the second par t  of the second per iod  

lg (u - -  Ue) = lg (Ucr ~ -  Ue) - -K .x  (3) 

(here the m o i s t u r e  content  l ies  in the range  ~cr2 -> 
_> ~_> ufin, and the t ime  7 is m e a s u r e d  f rom the onset  
of reduct ion  in m o i s t u r e  content  in the second par t  of 
the second period).  

If the second period cons i s t s  of three  par ts ,  the 
equat ion of the th i rd  pa r t  of the second per iod will  be 
s i m i l a r  to Eq. (3), but with K 3 and-ficr 3. 

Hence, the curve in the second per iod is r e p r e s e n t e d  
by two (three) exponent ial  par t s :  

(u - -  Ue) = (Ucr, - -  ue) exp (--  2.3K1~), (4) 

(u - -  Ue) = (Uer~ - -  U e) exp (-- 2.3K~). (5) 

The coeff ic ients  K 1 and K2, cal led the dry ing  co-  
eff ic ients ,  a re  n u m e r i c a l l y  equal to the tangents  of 
the angles  of inc l ina t ion  of the s t r a igh t  por t ions  to the 
~- axis  in the s e m i l o g a r i t h m i c  anamorphos i s .  The value 
of these coeff icients  depends on the kind of mo i s t  
m a t e r i a l ,  i ts p roper t i e s ,  and the d ry ing  condit ions and 
method.  The effect of the condi t ions  on these  co -  
eff ic ients  can be r e p r e s e n t e d  by N- - the  max imum 
dry ing  ra te  of the m a t e r i a l  in the p a r t i c u l a r  condit ions 
in the f i r s t  per iod (or the m a x i m u m  dry ing  ra te  in the 
absence  of a f i r s t  period).  

We can a s s u m e  that 

Kl = zIN, (6) 

K+. = x+.N. (7) 
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Fig.  1. Dry cu rves  for  p r e s s e d  pape r  f rom [3] (w is  the m o i s t u r e  
content ,  %, of the m a t e r i a l ;  Z is  the t ime  of drying,  min) :  1 - 5  for 

different  dry ing  condit ions.  
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In (6) and (7) ~'1 and )r cal led the re la t ive  dry ing  
coefficients ,  are  different  in the two par t s  of the s e c -  
ond per iod and the i r  values  do not depend on the con-  
dit ions,  but  depend on the mode of binding of the m o i s -  
tu re  with the ma te r i a l ,  the phys icochemica l  p roper t i e s  
(s t ruc ture ,  density) of the ma te r i a l ,  and the method 
of drying.  On subst i tu t ing Eqs. (6) and (7) in (4) and 
(5) we obtain 

(U - -  U e) = (Ucr 1 - -  U e) exp (-- 2.37~,N -Q, (8) 

(u - -  Ue) = (Ucr. " --Ue) exp (-- 2.3z~_N ~). (9) 

Expres s ions  (1), (8), and (9) a re  the equations 
r e p r e s e n t i n g  the k ine t ics  of dry ing  in each period.  
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Fig. 2. Genera l ized  drying  curve  for p re s sed  paper  
(fi - fie in % agains t  Nr in %). 

Taking as  a new complex p a r a m e t e r  the product  
Nr instead of r in Eqs. (8) and (9), we note that in these 
equat ions (~ - Ue) is a function of NT. 

If we a s s u m e  that the c r i t i ca l  mo i s tu r e  contents  
a re  independent  of the dry ing  condit ions,  then the family  
of d ry ing  curves  for the same  ini t ia l  m o i s t u r e  content  
can be r ep r e sen t ed  by one genera l ized  curve .  

The data of severa l  r e s e a r c h e r s ,  including the 
authors ,  show that the values  of the f i r s t  and second 
c r i t i ca l  mo i s tu re  contents  for many m a t e r i a l s  vary  
ins igni f icant ly  with change in dry ing  condit ions.  F o r  
ins tance ,  a change in the t e m p e r a t u r e  of the heat ing 
sur face  from 60 ~ to 154 ~ C (in the dry ing  of ce l lu lose  
with a specif ic  m a s s  of 100 g /m  ~) i nc rease  the f i r s t  
c r i t i ca l  mo i s tu r e  content  by approximate ly  0.05 kg 
m o i s t / k g  dry  [21. 

In the dry ing  of p ressed  paper  a change in the a i r  
t e m p e r a t u r e  from 60 ~ to 90 ~ C a l t e r s  the f i r s t  c r i t i ca l  
mo i s tu r e  content  by 0.018 kg/kg [31. 

In the dry ing  of wheat grain  a change in the t e m p e r -  
a ture  of the dry ing  qgent from 60 ~ to 150 ~ C inc rea se s  
the f i r s t  c r i t i ca l  mois tu re  content  by al)proximately 
0.3 kg/kg [61. The effect of the drying condit ions on the 
second and third c r i t i ca l  mo i s tu r e  conents  is even less .  

F igure  1 shows dry ing  curves  for p re s sed  paper,  
taken from [31, and Fig.  2 shows the genera l ized  
curve.  

T r e a t m e n t  of the dry ing  curves  obtained for ee l -  
hflose, cardboard,  paper,  cloth, grain,  sunflower 
meal ,  potatoes, e tc . ,  by di f ferent  inves t iga tors ,  con-  
f i rmed the val idi ty  of this method of genera l iza t ion .  

In fact, the exper imenta l  points on the drying curves  
of a specif ic  m a t e r i a l  l ie on the same curve,  i r r e -  
spect ive of the drying condit ions.  

This, in par t i cu la r ,  indicates  that the kinet ic  equa-  
t ions of the drying in different  periods co r rec t ly  de-  
s c r i b e t h e  p rocess  andthe  coeff icients  ?it and X2 are  
independent  of the dry ing  condit ions.  

It follows from the method of genera l i z ing  the drying 
curves  [4] that: 

a) the genera l i zed  drying  curve can be plotted from 
one exper imen ta l  drying curve  obtained in any con-  
di t ions for a given ~t. 

b) the c r i t i ca l  m o i s t u r e  contents  and re la t ive  dry ing  
coeff icients  can be de te rmined  from the genera l ized  
dry ing  curve in s emi loga r i t hmic  coordinates .  

Hence, f rom one exper imen ta l  dry ing  curve it is 
poss ib le  to wr i te  the kinet ic  equation of dry ing  for any 
condit ions and, hence, to cons t ruc t  the dry ing  curves  
for d i f ferent  condit ions,  but  the same  ui, without 
c a r r y i n g  out exper iments ,  if N is known. Since the 
dry ing  curve  is r e p r e se n t e d  by seve ra l  equations,  and 
not jus t  by one, the dry ing  ra te  in the second period 
cannot be calculated ana ly t ica l ly  f rom Eqs. (8) and (9) 
(the der iva t ive  of ~ with r e spec t  to t ime changes at the 
points where the por t ions  meet) .  The drying  ra te  in 
the second period can be de te rmined  by graphic d i f -  
fe rent ia t ion  of the genera l ized  dry ing  curve.  The actual  
complex curve of the genera l ized  drying ra te  should 
be replaced,  by Luikovts method, by a s t ra ight  l ine 
in t e r sec t ing  the m o i s t u r e - c o n t e n t  axis at a point c o t -  
responding  to equ i l ib r ium moi s tu r e  content.  Then the 
equation of the genera l ized  curve  of the dry ing  ra te  in 
the second period takes the form 

(~ . - -~ - )~ I=- -x 'N(U- -Ue) .  (10) 
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Fig. 3. Genera l ized  drying curve  
of p res sed  paper (u - Ue in 'zo 

agains t  T/'r d) .  

In (10) X' is the mean re la t ive  dry ing  coefficient,  
which is n u m e r i c a l l y  equal to the tangent  of the angle 
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of incl inat ion of the s t ra igh tened  port ion of the curve 
of the genera l ized  drying ra te  in the second period 
to the m o i s t u r e - c o n t e n t  axis.  

F r o m  the k inet ics  of dry ing  d i scussed  above we can 
suggest  two methods of ca lcula t ing  the durat ion of 
d ry ing  on the bas i s  of the genera l ized  drying  curves .  

The total dura t ion  of d ry ing  7d (without including 
the heat ing period) is the sum of the dura t ions  of d r y -  
ing in the f i r s t  period r I and in the f i r s t  (Tt) and second 
iT2) par ts  of the second period. 

F rom Eqs. {1), (8), and i9) we can wri te  

l ; ~  - + 

. . . .  

+ 1--~-lg Ucr~--u_ e + 1-~-lg Ucr2--Ue (11) 

~(1 Hcr~ - -  tte ~ Uc3n --/ /e 

The re la t ive  dry ing  coefficients  a re  calcula ted from 
the following express ions :  

X~ = [lg ( u r ~ -  ~e)- -  lg (ur2 - -  ue)]/N T,, (12) 

x~ = jig (~r - ~ ) -  lg ( ~ . -  ~%)I/N ~.  (13) 

If there  is no f i rs t  l)eriod the max imum drying  ra te  
will be used instead of N in Eq. (11), and ucr l  will  
be rel)laced by u i. 

If the teml)era ture  of the dry ing  agent is 100 ~ or  
more ,  then (ie will be p rac t ica l ly  zero.  The proposed 
method of ca lcu la t ing  the dura t ion  of drying on the 
bas i s  of an :malysis  of the dry ing  k ine t ics  and g e n e r a l -  
ization of t hecu rves  allows the ca lcula t ion  of the d u r a -  
t ion of dry ing  in any condit ions from one exper imen ta l  
curve.  This method of ca lcula t ion  is a development  of 
Luikov~s method. 

In the proposed method there  is no need to cons t ruc t  
the d ry ing  rqte curve  by graphic  di f ferent ia t ion and 
to find the c r i t i ca l  reduced mo i s tu r e  content, nor  to 
c a r r y  out many expe r imen t s  in d i f ferent  condit ions to 
find the re la t ive  dry ing  ra te .  

The ca lcula t ion  of the dura t ion  of dry ing  f rom the 
genera l i zed  drying  curve  is s i m p l e r  than F i lonenko ' s  
method based on the reduced drying  ra te  curve .  

F r o m  the d i scussed  method of genera l i za t ion  of the 
drying curves  and from Eq. (11) we can also der ive  a 
method of gene ra l i z ing  the d ry ing  curves  in coordinates  
u - Ue and -r/7 d and a graphical  method of ca lcu la t ing  
the dura t ion of d ry ing  f rom one exper imen ta l  value of 
fi and 7 [5]. F igure  3 shows the genera l i zed  drying  
curve of p re s sed  paper,  plotted f rom the expe r imen ta l  
data (Fig. 1). 

The proposed ana lys i s  of the ldnet ics  of d ry ing , the  
methods of t r ea t ing  the exper imen ta l  data, and the m e -  
thods of ca lcu la t ing  the dura t ion  of dry ing  save t ime  
and ma te r i a l  in exper imen ta l  inves t iga t ions  of the d ry -  
ing of a p a r t i c u l a r  ma t e r i a l .  
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