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A description is given of the procedure employed in a study of the mech- 
anism of desiccation of cylindrical lumps of peat by the radioactive 
tracer method under radiative-convective conditions, uncomplicated 
by moisture exchange with the ground, and the results obtained are 
analyzed. Drying was performed in an air-conditioned chamber with a 
normally incident radiation flux. 

The r ad ioac t ive  t r a c e r  method has been s u c c e s s -  
fully used  to study the mechan i sm of in te rna l  m a s s  
t r a n s f e r  dur ing  the d ry ing  of peat.  The pea t  d e s i c c a -  
t ion p r o c e s s e s  under  i s o t h e r m a l  condi t ions  [1-4] ,  the 
m e c h a n i s m  of r ad i a t i ve - convec t i ve  des i cca t ion  of 
c r u m b l e d  pea t  [5-7] ,  and the m e c h a n i s m  of t e m p e r a -  
t u re -dependen t  m o i s t u r e  t r a n s p o r t  [2] have been p a r -  
t i c u l a r l y  well s tudied.  

The  a im of the p r e s e n t  inves t iga t ion  was to s tudy 
the mechan i sm of in te rna l  m o i s t u r e  t r a n s p o r t  and i t s  
in tens i ty  in va r ious  d i r ec t i ons  in a lump, as  wel l  as  
the r a t e  of evapora t ion  f rom va r ious  a r e a s  of the ou te r  
su r face .  The expe r imen t s  involved: complex  o b s e r v a -  
t ions of changes in spec i f i c  ac t iv i ty  and spec i f ic  m o i s -  
tu re  in va r ious  l a y e r s  and at  va r i ous  points  of a lump; 
ac t iv i ty  and m o i s t u r e  m e a s u r e m e n t s  in v a r i o u s  l a y e r s  
and at  va r ious  points ;  and m e a s u r e m e n t s  of s u r f a c e  
ac t iv i ty  and su r f ace  shr inkage.  The  inf luence of t e m -  
p e r a t u r e  on m o i s t u r e  t r a n s p o r t  was s tudied  by d e t e r -  
mining the v e r t i c a l  t e m p e r a t u r e  d i s t r ibu t ion  in a lump 
with the a id  of the rmocoup les .  

The p r o c e d u r e  of obtaining s a m p l e s  fo r  s tudying 
ac t iv i ty  and m o i s t u r e  was s e l e c t e d  on the bas i s  of p r e -  
l i m i n a r y  inves t iga t ions  of the m o i s t u r e  f i e ld  a c r o s s  a 
c y l i n d r i c a l  lump. T h e s e  t e s t s  r e v e a l e d  that the m a x i -  
mum m o i s t u r e  g r ad i en t s  develop in the v e r t i c a l  d i r e c -  
t ion in the upper  half  of the lump. Subs tant ia l  m o i s t u r e  
g r ad i en t s  a r e  loca ted  a l so  in the su r f a c e  l a y e r  of a 
lump. The  sampl ing  method ( see  Fig .  3a) and the c o r -  
responding  p r o c e d u r e  for  m e a s u r i n g  su r f a c e  ac t iv i ty  
( s ee  Fig .  3b) were  s e l e c t e d  accord ing ly .  In view of the 
subs tan t ia l  and nonuniform sh r inkage  of peat ,  to ensu re  
adequate  sampl ing  the individual  l a y e r s  were  m a r k e d  
with a s t amp at the end face of a mo i s t  lump p r i o r  to 
dry ing .  

Samples  fo r  m e a s u r i n g  spec i f ic  ac t iv i ty  we re  p r e -  
p a r e d  in the fol lowing manner .  A f t e r  a lump was s e c -  
t ioned in acco rdance  with the s ampl ing  method,  the 
s a m p l e s  obtained we re  d r i ed  in a t h e r m o s t a t  at  t = 
= 100-105 ~ C to d e t e r m i n e  the i r  m o i s t u r e  content.  Pow-  
de r  s a m p l e s  were  then obtained by gr inding  the d r y  
r e s i d u e  in a m o r t a r .  The ac t iv i ty  N of abso lu te ly  d ry  
pea t  was m e a s u r e d  with an MST-17 counter  i nco rpo -  
ra t ing  a B-3  r a d i o m e t e r .  The th ickness  of the powder  
l a y e r  was in al l  c a s e s  g r e a t e r  than the th ickness  of 
the total  s e l f - a b s o r p t i o n  l a y e r  of S 35. 

To m e a s u r e  the su r f ace  ac t iv i ty  N v of a lump, a 
p lane hor izonta l  s c r e e n  with a r e c t a n g u l a r  (4-  by 
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Fig .  1. Curves  1 - 5  show the t r a c e r  concen t ra t ion  ( C / C  0) d i s t r ibu t ion  
and curves  1 ' - 5 ' ,  the co r r e spond ing  m o i s t u r e  (U, in g/g) d i s t r ibu t ion  
over  the height h dur ing va r ious  dry ing  phases :  1 - 7  along the h - a x i s  
a r e  the number s  of the l a y e r s  m a r k e d  accord ing  to the scheme  in 
F ig .  3a; a) lowland pea t ,  W 0 = 4.85 g/g; b) highland pea t ,  W 0 = 5.15g/g.  
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12-ram) col l imat ing  slit ,  or iented along the counter  
axis, was fixed over the end window of the ver t ica l ly  
mounted MST-17 counter.  During the activity m e a s u r e -  
ments ,  the lump was placed on this s c reen  to make it 
poss ib le  to r eco rd  the beta radia t ion from the surface 
area ,  l imi ted by the d imens ions  of the slit.  Surface 
shr inkage was compensated for by observing,  with a 
measur ing  microscope,  the changes in the a rea  S of 
regions  bounded by thin (0 . l - ram)  re fe rence  wires .  
(The ini t ia l  d imens ions  of the a reas  were S O = 6.5 x 
x 6.5 mm. ) Surface shr inkage was m e a s u r e d  at the 
same points at which activity was recorded.  

Invest igat ions  were per formed  with two types of 
peat which differed great ly  in their  physieoehemical  
p roper t i es :  lowland " rush-sedge"  peat and highland 
"pine-cot ton g rass"  peat, both with decomposi t ions R = 
= 45-50%. The highland peat is a h igh-qual i ty  raw ma -  
te r ia l ,  while the lowland var ie ty ,  due to its tendency 
to c rack  formation,  c rumbles  dur ing field drying and 
is not sui table  for obtaining high-qual i ty  products .  

The S35-tagged NaaS*O 4 t r a c e r  was introduced in the 
form of an aqueous solution into the ini t ia l  peat pulp 
under  vigorous mixing, and was allowed to stand for 
10 days to ensu re  uniform dis t r ibut ion of the tagged 
atoms.  This d is t r ibut ion  was checked by taking s am-  
ples.  The peat was d i spersed  and formed into cy l ind r i -  
cal lumps (050 x 75 ram) in a worm mechan i sm.  After  
mark ing  at the end face according to the sampling pro-  
cedure,  we placed the samples  in an a i r -condi t ioned  
chamber  on a peat monoli th with a thin mo i s tu re -p roo f  
coating. The lumps were spaced 5 mm apart .  The 
daily cycle compr i sed  a per iod of rad ia t ive-convec t ive  
drying (12 hr;  t e = 28-30  ~ C; ~p = 55-40%; v = 0.8 
m/see ;  q = 0 .5-0 .6  ca l /em 2 �9 min) and a period of con- 
vective drying (12 hr; t c = 18-20 ~ C; ~ = 80-85%; v = 
= 0). These condit ions s imulated,  in the f i r s t  approxi-  
mation, the daily f i e ld -dry ing  cycle of f inely divided 
peat. Sampling for layerwise  moi s tu re  and act iv i tywas 
pe r fo rmed  three t imes  a day, namely,  in the middle 
of the f i r s t  per iod and before changing the drying con-  
dit ions.  The activity of surface  a reas  was measu red  
every 2 - 3  hr. 

Different methods of express ing  act ivi ty were  used 
in the analys is  of the exper imenta l  data. The specific 
act ivi ty N of dry pulver ized  samples  defines the t r a c -  
er  content per  unit mass  of the dry ma te r i a l .  The val -  
ues of N depend on the mois tu re  content  W per  unit 
weight (g/g of dry mater ia l )  of a sample  and on the 
t r a c e r  concent ra t ion  C in in te r s t i t i a l  water  (g/g of 
water): 

N : k C W ,  

where k is a propor t ional i ty  coefficient,  which is in-  
va r i an t  for s tandard  sampl ing and equal rad iomet r ic  
condit ions.  T rea t ing  k as a constant,  we get an expres -  
sion for the re la t ive  concent ra t ion  

C N Wo 

Co No W'  

where N o and Wo a re  the ini t ia l  values  of the activity 
and moi s tu re  of a sample,  respect ive ly .  

It is known from [1, 8] that values of C/C 0 > 1 char -  
ac te r ize  regions of evaporation,  while values of C/C0 < 
< 1 cha rac te r i ze  regions of condensation.  A constant  
ra t io  C/C 0 = 1 cor responds  to liquid in terna l  mass  
t ranspor t .  Constant  N and W values in a layer  indicate 
the p resence  of t r ans i t  vapor flow. 

Let us turn  to a d iscuss ion  of the resu l t s  obtained 
(Figs .  1-3) .  F i r s t ,  we shall  c lar i fy  the nature  of up- 
ward in terna l  mois tu re  t r anspor t  in a lump, and will 
show that this is the p re f e r r ed  direct ion.  We shall  
then evaluate the degree to which the var ious  surface 
a reas  par t ic ipate  in evaporation.  To begin with, it 
should be noted that, as a rule,  the ver t ica l  t e m p e r a -  
ture  gradients  in a lump did not exceed 0.5 deg/cm. 
Hence, the influence of t empera tu re  on mois tu re  t r a n s -  
port  could be neglected [8], thus s implifying analys is  
of the effect. 

F igu re  1 shows the d is t r ibut ion  of C/C 0 (on a log- 
a r i thmic  scale) and of the mois tu re  content U (g/g) 
over the ver t ica l  c ross  sect ion of the samples  during the 
var ious  drying phases.  The shape of curves  1 and 1' in 
Fig.  l a  shows that in the ini t ia l  drying phase, in te rna l  
mass  t r ans fe r  tulles place in the liquid phase, accom-  
panied by evaporat ion in a thin surface  layer.  A moi s -  
ture  gradient  below the evaporat ion zone fo rms  owing 
to shr inkage of the adjacent layers ,  this process  grad-  
ually expanding toward the bulk of the lump. Di rec t  
m e a s u r e m e n t s  of the capi l la ry  p r e s s u r e  Pc of the in-  
t e r s t i t i a l  mois tu re  made with ce ramic  sensors*  in the 
cen te r  and in the upper layer  (somewhat below the 
evaporat ion zone) of a lump showed that the p r e s s u r e  
difference i nc rea se s  abruptly dur ing drying. This is 
assoc ia ted  with la rge  hydraulic losses  during in terna l  
mass  t r ans fe r ,  and explains why the layers  of a lump 
c loses t  to the meniscus  front are  the f i r s t  to be dehy- 
drated and the f i r s t  to condense owing to shrinkage.  

The liquid na ture  of in te rna l  mois tu re  t ranspor t ,  
without any appreciable  penet ra t ion  of the evaporat ion 
zone into the bulk of a lump, is re ta ined  during the 
fu r the r  drying p rocess  (curves  3 and 4 and 3 ~ and 4'). 
Only af ter  U -< 1 g/g was reached by the in terna l  lay- 
ers  did vapor diffusion replace  liquid t r anspor t  in 
these layers  (curves  5 and 5'). The zone where t r a n s -  
port  occurs  by diffusion expands gradual ly  into the 
bulk of a lump during fur ther  drying. 

The dominant role of l iquid t r anspor t  in the drying 
of peat  is assoc ia ted  with intense shr inkage under  the 
act ion of cap i l la ry  p r e s s u r e  inc reas ing  beyond the ul -  
t imate  shear ing  s t r e s s  0 of peat [10, 11]. In the course  
of dehydrat ion of the layers ,  0 inc reases  more  rap id-  
ly than Pc- This  leads to cessa t ion  of shrinkage,  to a 
change in the mechan i sm of in te rna l  mass  t ranspor t ,  
and to a dece lera t ion  of the drying rate .  The s t rong 
shrinkage of peat, which de te rmines  its behavior  dur-  
ing the drying process ,  is associa ted  with a high con- 
tent of immobi l ized  water  in the peat [12]. 

*The sensor s  were  coupled to low-iner t ia ,  automat-  
ic nu l l - type  s t r a in  gauges [9]. 
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The mechan i sm of mois tu re  t ranspor t  dur ing des-  
iccat ion of highland peat is, in general ,  s i m i l a r  in na-  
ture  (Fig.  lb);  however, the t rans i t ion  to vapor  diffu- 
s ion takes place at a higher mois tu re  content  of the 
l ayers .  The dehydrat ion p rocess  during the ini t ia l  d ry-  
ing phase is  much more  uniformly d is t r ibuted  over  
the en t i re  volume of a lump (curves  1 and 2), which is 
an indicat ion of bet ter  mois tu re  t ranspor t  in highland 
peat. A conf i rmat ion  of t h i s  is that the p r e s s u r e  dif- 
ference of in te r s t i t i a l  mois ture  in the upper and cen-  
t ra l  l ayers  of a lump of highland peat  is s m a l l e r  at the 
same evaporat ion ra te .  

F igu re s  2a and b show the var ia t ion  of the sur face  
act ivi ty of a lump (N'/N~) (curves  1) and the mean 
t r a c e r  concent ra t ion  (C/C 0) in an in i t ia l ly  3 - m m  thick 
surface layer  (curves  2). All  data are  given as a func-  
tion of the mean mois tu re  content (W) of a sample.  
The mois tu re  content of this layer  (curve 3) va r i e s  
fas te r  than the surface shr inkage (S/S0) (curve 4), be-  
cause of the high drying rate  and the inhibit ing effect 
of the lower l ayers  on shr inkage.  This  leads to a r e -  
cess ion  of the meniscus  front in the mic ropores  and to 
the format ion of an evaporat ion zone, whose posi t ion 
is de te rmined  by the condit ions under  which the liquid 
flow from the in terna l  layers  of a sample  is equal to 
the flow of evaporat ing mois ture .  

If during the ini t ia l  drying phase, curves  1 and 2 
have roughly the same shape and, therefore ,  evapora-  
tion proceeds prac t ica l ly  f rom the outer surface,  then 
for U -< 2 g/g, the inc rease  in surface  activity s t a r t s  
to exceed that of the mean t r a c e r  concent ra t ion  in the 
surface  layer .  At a mois ture  content of U -< 0.8 g/g in 

the surface  layer ,  the surface  act ivi ty N' r ema ins  
stable af ter  exper iencing an abrupt inc rease  (see Fig.  
2b). The abrupt inc rease  in surface  activity may be 
associa ted  with the expulsion of concentra ted labeled 
water  f rom the evaporat ion zone to the surface,  or  
with a decrease  in the degree of l iquid-phase  shielding 
of soft beta radia t ion during the desiccat ion of the s u r -  
face layer .  To a s ses s  the influence of the second fac-  
tor, special  tes ts  with f i l ter  paper  were ca r r i ed  out.* 
The surface activity of thin paper  sa turated with la-  
beled water  inc reased  af ter  drying by as l i t t le as 1.7 
to 1.9 t imes  as compared  with the activity in the water -  
sa tura ted  state,  whereas  for peat, an inc rease  by a 
factor  of 10 to 15 is to be observed in a region char -  
ac ter ized  by a pronounced inc rease  in surface  act iv-  
ity. An inc rease  in surface  act ivi ty is ,  therefore ,  as -  
sociated with the appearance of an evaporat ion zone 
and with water  t ranspor t  in the liquid state in this zone 
toward the outer surface,  at a mois tu re  content  in the 
surface  layer  ranging f rom U = 2 to 0.8 g/g. T r a n s -  
port  appears  to be accomplished by means  of pe l l i cu-  
la r  mois tu re  and a network of mic ropores .  Fo r  U = 
= 0.8 g/g, the flow of liquid to the outer surface  ceases ,  
and t rans i t ion  to diffusion of vapor also in the bulk of 

the sample  sets  in s imul taneously .  The change in the 
t r anspor t  mechan i sm occurs  at a mean  mois tu re  con-  
tent of W = 2 -2 .5  g/g in the sample .  This  cor responds  
to the f i r s t  c r i t i ca l  point on the d ry ing - r a t e  curve.  

As can be seen f rom Fig.  2c, sur face  shr inkage 
(curve s-I} in tensi f ies  at U = 1 .3-1 .0  g/g. Th i s  is a s -  
sociated with the in te rac t ion  between approaching p a r -  
t ic les  under  the action of molecu la r  a t t rac t ion  forces .  
However, s imul taneous  inc rease  in the v iscos i ty  and 
s t rength of the s t ruc tu re  inhibi ts  this in te rac t ion  and 
leads to cessa t ion  of shrinkage.  

Intensi f icat ion of surface layer  shr inkage toward 
the end of the drying p rocess  in the p resence  of sub-  
s tant ia l  mois tu re  gradients  in the bulk of a lump con-  
t r ibutes  to the format ion of sur face  cracks .  

The descr ibed  change in the m o i s t u r e - t r a n s p o r t  
mechan i sms  in the evaporat ion zone does not occur  
s imul taneous ly  all  over the externa l  surface.  An in-  
dication of this, in par t i cu la r ,  is the d isp lacement  of 
the specific surface  activity curves  along the W-axis  
for var ious  a reas  of the surface  (curves  I - IV,  Fig.  3). 
This  is associa ted  with the fact that some of the s u r -  
face a reas  attain at different  t imes a surface  moi s tu re  
of U = 2 g/g, for which a rapid inc rease  in N' sets  in. 
The values  of N' a re  always s tabi l ized af ter  surface  
moi s tu re  reaches  U = 0 .7-0 .8  g/g. Hence, at U > 2 
g/g, evaporat ion proceeds main ly  from the outer s u r -  
face, at 0.8 _< U_<2 g/g it proceeds  f rom a thin s u r -  
face zone, while at U < 0.8 g/g, the liquid flow toward 
the outer  surface  is in terrupted.  The mean mois tu re  
corresponding to these condit ions va r i e s  as a function 
of the volume of the lump and the drying condit ions.  
Values of U = 2 g/g cor respond  to a t r ans i t ion  from a 
coagulation to a condensation s t ruc tu re  of the peat, 
while values of U = 0.8 g/g cor respond  to a content of 
physicochemical ly  bound water .  This  explains the 
changes in the mechan i sm of in te rna l  mass  t ranspor t .  

The deeper an a rea  of the surface  is located ( I -V,  
Fig.  3) the s m a l l e r  is the amount of water  that evap- 
ora tes  f rom a unit  a rea  during the en t i re  drying period. 
This  is conf i rmed by a d e c r e a s e  in the specific activity 
peaks* (curves  I - IV,  Fig.  3b). Consequently,  the in -  
tensi ty  of evaporat ion during radia t ive  drying is d i s -  
t r ibuted quite nonuni formly  over the cy l indr ica l  s u r -  
face of a lump as a resu l t  of the difference in the bound- 
a ry  condit ions.  These conclusions  a re  conf i rmed by 
the curves  of the specific act ivi ty N of dry samples  
taken f rom var ious  a reas  of the surface  layer .  A com- 
par i son  between curves  I - I I I  and l - I ,  1-II, and 1-III 
in Fig.  3 shows that p rac t ica l ly  the en t i re  t r a c e r  is 
t r anspor ted  together with liquid to the upper port ion 
of a lump. In this p rocess ,  the g rea tes t  amount  of 
water  is t r anspor ted  to the uppermost  sec tor  I (curve 
l - I ) ,  a substant ia l ly  s m a l l e r  quantity is t r anspor ted  
to sec tor  II (curve 1-II), while a r a the r  ins ignif icant  
amount  is t r anspor ted  to sec tor  III (curve 1-III). 

*F i l t e r  paper  was chosen because,  in thin layers ,  
surface  act ivi ty is influenced only by the shielding con- 
dit ions.  

*For  lowland peat,  smooth inc rease  in surface  ac-  
t ivity is  impa i red  by c rack  format ion (bend of curves  
I and II, Fig. 3a). 
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Fig .  2. V a r i a t i o n  of (1) s u r f a c e  ac t iv i ty  N'/N~, (2) t r a c e r  con-  
c e n t r a t i o n  C/C0 in the s u r f a c e  l a y e r  and (3) i t s  m o i s t u r e  con-  
tent  U, g/g and (4) s u r f a c e  sh r inkage  (S/S 0) 100%, as  a funct ion 
of the mean  m o i s t u r e  content  W, g/g of a s ample ,  which de -  
c r e a s e s  du r ing  the d ry ing  p r o c e s s :  a) lowland peat;  b) h ighland 
peat;  e) spec i f i c  s u r f a c e  ac t iv i ty  N' (1.103 pulse /min)  and s u r -  
f ace  sh r inkage  (S/SO)100%(S - 1) in v a r i o u s  s e c t o r s  of the cy -  
l i n d r i c a l  s u r f a c e  ( see  s c h e m e  in F ig .  3) as  a funct ion of the 

m o i s t u r e  content  of the s u r f a c e  l a y e r  U, g/g. 
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Fig .  3. Va r i a t i on  of the spec i f i c  s u r f a c e  a c t i v i t y  N' (1 �9 10 a p u l s e s / r a i n ,  
c u r v e s  I - V )  and the spec i f i c  ac t iv i ty  of d r y  s a m p l e s  f rom the s u r -  
face  l a y e r  N (1 �9 10 ~ p u l s e s / r a i n ,  c u r v e s  l - I ,  1 - I I ,  and 1-III)  in va r i ous  
s e c t o r s  of the c y l i n d r i c a l  su r f a c e  as  a function of the mean  m o i s t u r e  
of a s a m p l e  W, g/g, as  it  d e c r e a s e s  dur ing  the d ry ing  p r o c e s s ;  a) low-  

land peat;  b) highland peat .  
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These curves, just as the surface activity curves, re -  
veal that the change in moisture transport mechanisms 
does not occur simultaneously in all areas of the sur-  
face layer. Indeed, after liquid transport to sector I 
has ceased (curve 1-I exhibits a peak), an increase in 
liquid transport to sector II (steeper ascent of curve 
1-II), and later to sector III (steeper ascent of curve 
1-III), can be observed. 

Investigations by the radioactive t racer  method of 
processes involved in the field drying of finely divid- 
ed peat showed that the drying mechanism in this case 
does not differ qualitatively from the mechanism of 
drying in an air-conditioned chamber, which we have 
studied. Certain quantitative differences may be at- 
tributed to the higher moisture gradients that take 
place in a lump under the more rugged conditions of 
natural drying. The maximum amount of liquid is 
transported toward the surface areas that experience 
the highest solar radiation density. 

NOTATION 

N is the specific activity of dry powder samples; 
N' is the specific activity of portions of the outer sam- 
pie surface; C is the indicator concentration in water; 
S is the area of sections of the outer sample surface; 
U is the humidity of the beds; W is the average humid- 
ity of a sample; t c is the air temperature in drying 
chamber; r is the air humidity; v is the flow rate; 
q is the radiation power. 
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