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Results are shown of a study concerning the variation of the specific heat of tea essence 
with temperature over the -Ii0 to +80~ range. 

In a theore t ica l  study and analysis  of the subl imation drying p rocess ,  one usually cons iders  the 
exis tence in the spec imen  (a food product) of two regions:  the region of "dry m a t e r i a l "  and the region con- 
raining f rozen  vapor ,  both regions separa ted  by a phase - t r ans i t ion  in ter face  [1]. 

With the thermophys ica l  p roper t i e s  (specific heat, t he rma l  conductivity, etc.) of each region in-  
dividually known, it  is possible  to const ruct  a physical  model of the p rocess  and to p e r f o r m  analytical  
ealculat ions.  

The authors  have made a study which involved measur ing  the specif ic  heat of tea e s sence  at var ious  
concentra t ions  and of f as t -d i s so lv ing  tea  powder with var ious  res idual  mois tu re  contents.  The specif ic  heat  
was measured  with a dynamic c a l o r i m e t e r  f r o m  -140  to ~80~ [2]. The initial  essence  concentrat ions was 
-varied within the 4-40% range.  

The curves  in Figs.  1 and 2 have been plotted on the basis  of tes t  data. 

According to Fig. 1, the specif ic  heat  of tea essence  d e c r e a s e s  on the average  by 20-25% as the con- 
cent ra t ion  i n c r e a s e s  f r o m  4 to 40%. 

On the specif ic  heat  ve r s u s  t e m p e r a t u r e  curves  there appears  a dist inct  range between two points indi-  
cating the f reez ing  t e m p e r a t u r e  of tea  essence .  

Thus, at e s sence  concentrat ions between 4 and 20% the sharp  inc rease  in the specif ic  heat  following 
a t e m p e r a t u r e  r i se  f r o m  - 2 5  to -6~  is due to c rys ta l l iza t ion  of the essence ,  while t = -6~  is evidently 
the t e m p e r a t u r e  at which the c rys ta l l i za t ion  of tea essence  containing 4% of d ry  ma te r i a l  begins (cryoscopic 
point). F o r  a 20% solution the c ryoscopic  point l ies within the range tc r  ~ - 8  to +10~ For  a 40% solution 
tcr  ~ - 1 2  t o - 1 3 ~  

The c ryoscopic  points obtained for  the given solutions e a r l i e r  by other  methods conf i rm the val idi ty 
of our conclusions.  

The lower critical point evidently corresponds to the end of essence crystallization, i.e., yields an 
indication about the cryohydration (euteetic) point of tea essence. Thus, for essence inca 4-20% concen- 
tration these points are about -20 to -25~ while for a 40% essence it is about -55~ 

In Fig. 1 is also shown the temperature-dependence of the specific heat for pure ice, according to the 
relation 

C~,i = (0.0219 + 1.7662.10-3Ti) kcal/kg, deg. (1) 

This f o r m u l a  i s  valid for  t e m p e r a t u r e s  f r o m  0 t o - 1 1 0 ~  [3]. 
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Fig. 1. Specific heat of tea essence C ( J / kg .  deg) as a function of the t empera -  
ture t (~C): 1, 2) concentrat ion of dry  mater ia l  4%; 3) 20%; 4) 40%; 5) 0%. 

Fig. 2. Specific heat of fas t -dissolving tea powder C ( J /kg .  deg) as a function 
of the temperature  t CC): 1) moisture  content 13%; 2) 8-10%; 3) 5%. 

TABLE 1. Values of C O and K for Various Con- 
centrations of Tea Essence 

C oncen, l ~=- ,4o -25  oc i /C t=1o-s0oc 

tration ofi - -  - -  j/kg.OC 
tea es- iCo,J/kg.~ K, ~/kg : o,, K, J/kg 
sence j . ~ , .~ 2 

4 ] --70,2 7,4 --3364 22,8 
I 

20 ] 96,6 5,8 --1955 17,2 
40 85,8 5,4 --1106 11,5 

Our graphs for essence of various concent ra-  
tions evidently corre la te  well with this equation: as 
the essence concentration decreases ,  its specific 
heat increases  until it reaches  its maximum for  pure 
ice (0% concentration). 

The mathematical  relat ion between C and T is 
approximated by equations of the general  form (1) 

CT = Co+ KT,  (2) 

with C O and K values given in Table 1. 

Within the temperature  range f rom - 2 5  to +10~ (and for 40% concentrate f rom - 5 5  to +10~ there 
occurs ,  as a resul t  of phase t ransformat ions ,  a discontinuity in the functional relation. 

The specific heat of fas t -dissolving tea powder varies  with varying moisture  content (Fig. 2). Thus, 
as the mois ture  content is increased f rom 5 to 12%, the specific heat increases  by 27-29%. As the powder 
temperature  r i ses  f rom 25 to 54~ there occurs  a jumpwise increase  in the specific heat. A fur ther  t em-  
perature  r i se  results  in melting of the mater ia l .  

Our measurements  and analysis of the specific heat of tea essence  over tempera tures  ranging f rom 
-110  to +80~ lead to cer tain general  conclusions and recommendat ions concerning the technology of sub-  
l imation drying of tea essence under vacuum. 

1. The cri t ical  points on the specific heat versus  tempera ture  curves yield an indication about the 
cryoscopic  and cryohydrat ion points of tea essence,  which is very  important  for designing the 
mode of f reezing a product by sublimation drying. 

2. Knowing these points, one can solve the problem concerning the most  rational initial essence  con- 
centration: thus, while at M 0 = 40% the yield of dry produce per unit surface a rea  increases ,  the 
end-of- f reezing temperature  should be much lower than at M 0 = 20%: -55~ ra ther  than-25~  

3. In order  to attain a stable mode of essence drying f rom an initial concentrat ion M 0 = 4-20%, the 
p ressure  (vacuum) in the sublimation chamber  should not drop below 0.1 mm Hg, which c o r r e -  
sponds to a wa te r -vapor  saturat ion temperature  T s = -25~ For  an initial essence  concent ra-  
tion M 0 = 40%, in the light of the preceding discussion, the vacuum should be much deeper: about 
5 .10  -3 mm Hg. 
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4. The surface temperature of a dry essence layer in the process of sublimation drying should not 
exceed 50~ Above this temperature the material melts and releases its latent heat. 

Thus, our study concerning the temperature-dependence and the concentration-dependence of the 
specific heat of this product provides a sound basis for recommending the technological mode not only of 
freezing but also of sublimation drying under vacuum. 
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