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Results  a r e  shown of an exper imenta l  study concerning the hygroscopic  c h a r a c t e r i s t i c s  of 
m a t e r i a l s  soluble in water .  Data have been obtained per ta in ing  to the coefficients  of in ternal  
m a s s  t r a n s f e r  in such m a t e r i a l s .  

It is  well known that the p r o c e s s e s  of m o i s t u r e  t r a n s f e r  within d i spe r s e  m a t e r i a l s  govern  the beh av -  
io r  of such m a t e r i a l s  during the i r  thermohumidi ty  t r e a t m e n t .  Based  on this p r e m i s e ,  knowing the coeff i-  
cients of in ternal  m a s s  t r a n s f e r  and the hygroscopic  cha r ac t e r i s t i c s  of soluble products  will cer ta in ly  be 
worthwhile for  engineering calculat ions,  for  the regulat ion and the automation of technological  p r o c e s s e s ,  
for  thorough desiccat ion,  for  l o n g - t e r m  p r e s e r v a t i o n  and the p rope r  conveyance of manufac tured  goods, 
etc.  

Exper ience  of recent  y e a r s  has shown that  the sorpt ion  method of analys is  is  useful  for these  pu r -  
poses  [1]. With the aid of s ta t ic  and kinetic sorpt ion  curves ,  one can by a well known p rocedure  [2-4] de-  
t e r m i n e  the hygroscopic  point of a given m a te r i a l  Wcr  (cr i t ical  m o i s t u r e  content in a body at a given a i r  
t e m p e r a t u r e  and re la t ive  humidity,  above which a sa tu ra ted  solution begins to  fo rm at the sur face) ,  the  
spec i f ic  i so the rma l  m o i s t u r e  holding capaci ty  C m,  the m o i s t u r e  diffusivity am,  and the m o i s t u r e  conduc- 
t ivity ~m.  
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Fig. 1. Sorption i s o -  
t h e r m s  for  mine ra l  
fer t i l{zers ,  (a) in na-  
tu ra l  coordinates  and 
(b) in logar i thmic  co-  
ordinates ,  at 293~ 
spec imen  No. 1 (1), 
spec imen  No. 2 (2), 
spec imen  No. 3 (3). 
Mois ture  content W (%). 
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Fig. 2. Kinetics of mois ture  sorption by mater ia ls  soluble in water,  at 
= 70% and a 293~ tempera ture .  

Fig. 3. True specific isothermal  mois ture  holding capacity C m (mole/J) of 
specimens,  as a function of the mois ture  content. 
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Fig. 4. Moisture diffusivity a m (m2/sec) and 
mois ture  conductivity h m (kg/m . s e e .  J/kg) of 
specimens,  as functions of their  mois tu re  con- 
tent W (%). 

�9 / 0  8 For the experiment the authors used vacuum- 
sorption scales  of the MacBen--Bacre  design, up- 
dated with complete thermosta t iza t ion within :~:0.05~ 

The study was made on three  specimens of ni- 
t r a t e - p h o s p h a t e  mineral  fer t i l izers  soluble in water  
and produced at the Nitrate Fer t i l izers  Plant in 
Rovno. Specimen No. 1 was prepared  by mixing l iq- 
uid ammonia polyphosphates with granulated am-  
monia ni t ra te  (2-3 mm grains) .  The ammonia poly- 
phosphates had been obtained by neutral izing phos-  
phoric acid essence with ammonia at a t empera tu re  
within 473-483~ This procedure  yielded ammonia 
polyphosphates containing 12.6% nitrogen and 58% 
phosphorus on a P205 basis .  After mixing and granu-  
lating, the fer t i l izer  contained 25.4% nitrogen and 
25% P205. Specimen No. 2 was prepared  with ammo-  
nia polyphosphates containing 12.3% nitrogen and 
60.5% P205. The final granulated fer t i l izer  product 
contained 23.3% nitrogen and 27.1% P205. Specimen 

No. 3 consisted of ammonia polyphosphate powder resul t ing from the neutral ization of phosphoric acid 
essence  with ammonia at 473-483~ 12% nitrogen and 60% P205. 

During moistening the specimens by sorpt ion under a given water vapor p res su re ,  the layer  in a 
sorpt ion cell was 2-3 mm thick and 1.0-1.5 em in diameter .  The quantity of sorbed water was determined 
f rom the change in the length of a quartz spring,  by measurement  with a model KM-6 m i c r o m e t e r  through 
a window in the apparatus with a 0.001 mm precis ion.  The accuracy  of such weighing was (0.7-1.0) �9 10 -3 
ram. The null posit ion of the spring, to correspond to the weight of a perfect ly  dry specimen, was set 
under a 0.133 N/m 2 p r e s s u r e  and at a 383~ tempera ture .  The procedures  for the test  preparat ion of 
specimens and for the test  per formance ,  namely plotting the i so therms and the sorpt ion kinetics curves,  
were s imi la r  to those descr ibed in [5]. The sorpt ion kinetics curves were plotted at a 70% relat ive p r e s -  
sure  of water  vapor and, by numerica l ly  differentiating these curves,  we obtained from them the ra tes  of 
change in the mois ture  content. All tests  were per formed at a 293~ tempera ture .  

On the basis of the obtained test  data, we have plotted the sorption i so therms  shown in Fig. 1. 1~e 
i so therms for all th ree  fer t i l izers  a re  s imi la r  and follow the adsorption of the third kind according to the 
BET theory [6]. 

These i so therms  have been plotted here  in logar i thmic coordinates too. Each curve is broken into 
two s t ra ight- l ine  segments  at a point cha rac te r i s t i c  of each specimen.  According to [4], the coordinates 
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of this characteristic point determine the hygroscopic properties of a specimen when its moisture content 
has reached a certain definite level Wer. To the left of the break point the isotherm represents possible 
modes of moisture sorption by the fertilizer (chemisorption, adsorption, and capillary vapor condensation), 
to the right of the break point the isotherm represents saturation dissolution at the grain surface and sub- 
sequently throughout the entire volume of material. In this case, evidently, the bond of sorbed moisture 
is osmotic. Thus, in terms of their hygroscopic characteristics, the test specimens of mineral fertilizers 
cover almost the entire gamut of moisture bonds typical of capillary-porous colloidal materials. 

It also follows from Fig. 1 that the quantity of moisture held by adsorptive and capillary bond forces 
constitutes only an insignificant par t  of the total mois ture  content. These data provide an indication about 
the relat ive hygroscopic  quality of the selected fer t i l izer  grades .  [['ne hygroscopic  point of a specimen 
does not, however,  tell anything about the ra te  of mois ture  adsorption f rom an ambient vapor~-air mixture  
at a given tempera ture  and humidity. Information about this can be obtained f rom the sorption kinetics 
curves  for the specimens shown in Fig. 2. 

According to Fig. 2, the quantity of adsorbed mois ture  as a function of t ime at a fixed relat ive a tmo- 
spheric  humidity follows the same trend for all three  specimens and approaches a Langrauir curve.  This 
indicates that the mois ture  t r ans fe r  within the hygroscopic  range of specimens is effected mainly by the 
activated Knudsen diffusion mechanism,  s imi Ia r  to the mass  t r ans f e r  in microporous  sorbents  [7]. 

:IT~e t rue  specific mois ture  holding capacity C m as a function of the mois ture  content in the speci-  
mens (Fig. 3) ref lects  changes in the mois ture  s tor ing charac te r i s t i c s  during the sorption of water vapor.  
The Cm(W) curves  plotted f rom the sorption segments show that, at mois tu re  contents up to the hygro-  
scopic point of a specimen, Cm increases  with increas ing W as the same monotonic function for all ma -  
te r ia l s .  When the mois ture  content reaches  the hygroscopic  level, then the t rend of the Cm(W) curves  
changes and inflection occurs  approximately at the points where specimens begin to dissolve at the surface .  
The fur ther  inc rease  in C m is a lmost  l inear ,  which indicates that mois tu re  is s tored in specimens by a 
p rocess  of dissolution uniformly p rogress ing  from the surface  into the volume. 

The am(W) curves in Fig. 4 charac te r i ze  the ra te  of mois tu re  t r ans fe r  in specimens.  The trend of 
these curves is typical of capi l la ry-porous  colloidal mater ia l s  such as clay, for example, which swell up 
due to internal dissolution [8]. As low mois ture  contents the mois ture  t r ans fe r  within a specimen is ef- 
fected by diffusion of vapor through mic ropores ,  then the mois ture  diffusivity of the mater ia l  is high. As 
themois tu re  content in a specimen increases ,  the mois ture  diffusivity decreases  and the effective diameter  
of microcap i l t a r ies  becomes smal te r  owing to the film of adsorbed mois ture .  

Within the initial range of capil lary condensation the bond energy of mois ture  is comparable  to the 
bond energy of mois ture  in the last layers  of polymolecular  mois ture ,  while coefficient am remains  almost  
constant.  Subsequently, this coefficient increases  rapidl:~ to high values.  This has,  evidently, to do with 
the mass ive  absorption of water  vapor by capi l lary condensation p rocesses  and by dissolut ion of specimen 
fragments ,  when the mois ture  content reaches  the neces sa ry  cr i t ical  levels.  

It is well known that the mois tu re  conductivity k m under i so thermal  conditions determines ,  in a 
mois t  capi l la ry-porous  colloidal mater ia l ,  the magnitude of the mois tu re  current  per  unit gradient  of 
chemical  m a s s - t r a n s f e r  potential. Information about the km(W) relat ion for d isperse  mater ia l s  soluble 
in water  is a lmost  completely lacking in the technical  l i te ra ture .  The mois ture  conductivity as a function 
of the mois ture  content has been calculated for the specimen mater ia ls  by the formula k m = amCmT 0 and 
is shown in Fig. 4. 

The km(W) curves  indicate that the mois ture  cur ren t  density is insignificant within the range where 
the mois ture  bond is adsorptive.  This is re lated to the low iso thermal  mass  holding capacity.  As the 
mois tu re  content in a specimen inc reases ,  the mass  t r a n s f e r  capability increases  too, even though the 
diffusivity am dec reases .  The inc rease  in conductivity km within this range of mois ture  contents is en- 
t i re ly  due to the rapid inc rease  in the specific i so thermal  mass  holding capacity of specimens.  From 
there  on the conductivity km of all specimens inc reases  appreciably,  as a resul t  of the simultaneous in-  
c rease  of C m and am.  

Thus, on the basis of our tes ts  and calculations, which agree completely with the theoret ical  con- 
cepts in phenomenological thermodynamics  of i r r eve r s ib l e  p rocesses ,  we may state that d isperse  ma t e r i -  
als soluble in water are  subject to the same  laws of internal mass  t r ans fe r  as capi l la ry-porous  colloidal 
mater ia l s  moistened by sorpt ion of water  vapor.  This revelat ion makes it feasible to apply in prac t ice  
the basic concepts of modern  heat and mass  t r ans fe r  theory pertaining to capi l la ry-porous  colloidal mate -  
r ia l s .  
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NOTATION 

is the re la t ive  p r e s s u r e  of water  vapor;  
W is the moi s tu re  content; 
r is the t ime;  
a m is the moi s tu re  diffusivity; 
hm is the mois tu re  conductivity; 
C m is the specif ic  i so the rmal  mois tu re  holding capacity of a specimen.  
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