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T H E  D R Y I N G  M E C H A N I S M  F O R  P E A T  M O D I F I E D  

BY S U R F A C T A N T S  

A.  M. A b r a m e t s ,  I .  I .  L i s h t v a n ,  
A.  A.  T e r e n t ' e v ,  a n d  N.  V. C h u r a e v  

UDC 661.12 :: 662.730 + 631.8 

A study has been made of the effects  of sur fac tan ts  SA of var ious  types on the drying kinetics 
and s t ruc tur ing  in peat. 

It is becoming inc reas ing ly  impor tan t  to manage the drying of rheologica l ly  complicated d i spe r sed  ma te -  
r ia ls .  However,  at p resen t  there  a re  no new theore t ica l  approaches  that would enable one to use phys ica l  
methods to modify the drying of peat  s y s t e m s  considerably.  R e s e a r c h e s  based on phys icochemica l  methods of 
a l te r ing  the peat  appea r  p romis ing  [1-6] because sur face  phenomena and capi l la ry  ef fec ts  a re  dominant for  
these semicol lo ida l  m a c r o m o l e c u l a r  sy s t ems ,  and they la rge ly  de te rmine  the s t ruc tur ing  and the mass  t r ans fe r .  
A peat  s y s t e m  has the p rope r t i e s  of a po lye lec t ro ly te  [2] as well  as a high specif ic  surface ,  and it is ve ry  sens i -  
t ive to var ious  compounds, pa r t i cu l a r l y  sur fac tants ,  which dif fer  f rom other  compounds in acting s imul taneous ly  
on the p r o p e r t i e s  of the liquid and solid phases .  One cannot consider  the m a s s  t r a n s f e r  and s t ruc tu r ing  sepa-  
ra te ly  for a s y s t e m  that de fo rms  on drying. This  applies also to ma te r i a l s  modified by SA, as tl~e p rope r t i e s  
a re  ve ry  different  f r o m  those of the ini t ial  ones. 

There  a re  many papers  [7-11] on the drying mechan i sms  for  chemical ly  modified peat  sy s t ems ,  which 
r e p r e s e n t  the comprehens ive  studies on the s t ruc tur ing  and mass  t r ans fe r .  There fo re ,  in what follows we 
cons ider  only the effects  of SA on the drying mechanism.  

The appara tus  descr ibed  in [9] was used to examine the m e c h a n i s m  of r a d i a t i v e - c o n v e c t i v e  drying of peat  
modified by-SA; the ma te r i a l  was lower  sedge peat  with a nominal  speci f ic  sur face  of 320 m2/kg. The modif ica-  p 
tion was produced by SA of var ious  types,  in pa r t i cu l a r  sulfonol anionic ones, E -4  cationic ones, neonol nonionic 
ones, etc. [12]. The SA were  introduced into the peat  by spray ing  as 0.01-0.2%aqueous solutions at a ra te  of 
0.01-0.5% on the basis  of the dry  mate r ia l .  Af ter  careful  mixing into the peat,  fiat spec imens  of d i a m e t e r  100 m m  
and thickness  20 m m  were  formed.  A constant t e m p e r a t u r e  of 30~ was maintained in the appara tus ,  along with 
a constant speed of 0.33 m / s e c  a i r  and a constant humidity of 0.86, while the radiat ion flux was constant  at 0.3 
k c a l / m  2" sec. 

Radioact ive t r a c e r s  were  used to examine the in terna l  mass  t r a n s f e r  during the drying [13]; we used 
Na2804($35). The production of the wa te r -con ten t  pa t te rn  was examined by dividing the spec imens  into l aye r s  and 
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determining the water  contents [14]. The experiments  were done in tr iplicate.  The reliabili ty and r e p r o d u c -  
ibility were est imated by s ta t is t ical  methods [15]. 

These studies revealed various features of the effects of SA on the drying mechanism; however, there 
were some common features in the action of all forms of SA, and so it was possible to indicate ways of using 
the various SA to manage the drying and s t ructur ing of peat. Figure 1 schemat ical ly  shows the variat ions in 
the drying rate (curve 1) and the volume of the specimen (curve 2) for  peat modified by SA in relat ion to the 
8A concentration. If the SA concentra t ion is below a cr i t ical  value (C -< Cc), there  is an increase  in the rate of 
drying and considerable shrinking in the material .  At higher SA contents (C-Cc) ,  the relative drying rate and 
volume changedec rease .  

It has previously been reported [13, 16-19] that there  is a relationship between the shrinkage and the d ry -  
ing rate, which was acribed to the capacity for free passage of water  through the evaporation surface  when the 
f ramework  is readily deformed. SA may ' a l t e r  the rheologieal  pa rame te r s  of peat considerably [2, 17-20], but 
although the rheological  charac te r i s t i cs  are reduced as the SA concentrat ion increases ,  the drying gives r ise  
to dense s trong s t ruc tures  (for C < Cm, Fig. 1) and to weak porous ones (C > C m) [3, 4]. The SA have these ef-  
fects because smal l  amounts (C-< C c) resul t  in complete adsorpt ion of the 8A molecules,  which are  then absent 
f rom the d ispers ion  medium, so there is no reduction in the surface tension of the water, and therefore  in the 
internal  p r e s su re  in the material ,  which is due mainly to the capil lary effects. In that case (C <_ Co), the capil- 
la ry  p re s su re  remains  equal to that in the initial peat although the rheological  charac te r i s t i cs  are  reduced, 
which favors shrinkage. The mobility of the s t ruc tura l  units de termines  the constancy of the w a t e r  t r ans f e r  
to the evaporat ion zone. At high SA concentrat ions (C > Co), the SA molecules enter  the dispers ion medium, 
and there  is a reduction in the surface tension of the water  and in the internal  p ressure ,  which reduces the 
shrinkage, and there  is also a reduction in the period of constant drying rate (Fig. 2), and this resulks in the 
formation of open, porous,  and weak s t ruc tures .  These resul ts  are  in good agreement  with theoret ical  con- 
clusions [21-231. 

The a l tered  internal  m a s s - t r a n s f e r  charac te r i s t i cs  in the S,~-modified peat [1] affect the drying rate (Fig. 
1), the rat io between the periods of constant and falling drying rates  (Fig. 2), and the phase composition of the 
flow of water  to the evaporat ion zone. Figure 3 shows that an anionic SA (ASA) at low concentrations increases  
the duration of the l iquid- t ranspor t  period (curves 2 and 3) but has the converse effect at high levels (curve 4). 
For  instance, in the initial peat the t ranspor t  of the radioactive label, and therefore  of water  in the liquid 
state, ceases  at a water  content of 2.1 kg/kg, whereas in peat modified by ASA this occurs  at U =1.5 kg/kg 
(C <C c) or  U -2 .5  kg/kg (C>>Cc). This effect of SA for C -< C c occurs  because the ASA tends to equalize the 
lyophilic proper t ies  of the surfaces  of the s t ruc tura l  units, which tend to be of mosaic  heterogeneous nature 
[24]. 

The adsorpt ion of an ASA occurs  p r imar i ly  and mainly on the hydrophobic par ts  of the solid in accordance 
with the hydrophobic mechanism [25]. The equalization of the lyophil ic  proper t ies  goes with the elimination of 
locally rigid inelast ic  contacts during shrinkage, which favors close packing of the s t ruc tura l  units and the 
formation of a sma l l - sca le  capi l lary network, which intensifies the film flow. For  C > Cc, the reduction in the 
surface tension and the formation of SA micelles having the same charges as the surface of the peat will reduce 
the shrinkage and resul t  in a macroporous  s t ructure .  The penetrat ion of the evaporation front goes with a halt 
to the t ranspor t  of water  in the liquid state to the surface at higher  water  contents (Fig. 3). There is a fall in 
the maximal value of the radioactive label concentrat ion at the surface of peat modified by ASA (curves 2 and 
3 of Fig. 3), which is evidently due to e lec t ros ta t ic  repulsion between the SO~ 2 anions in the liquid film and the 
molecules of the ASA with charges of the same sign in the adsorbed layer. 

The water-content  patterns developed during drying in relat ion to the s t ress  state [7, 8]; there are  un- 
relaxed local s t r e sses ,  which are  responsible for the disruption of continuity in the mater ia l  and for the low 
mechanical  s trength [14]. Of course,  it is possible to eliminate this undesirable fac tor  by reducing the theologi -  
cal pa rame te r s  and the drying rate while increas ing  the water  permeabil i ty.  The SA firs t  (C-< C c) inc reases  
the water  permeabi l i ty  and then reduces  it [1]. At the same time, the SA reduces the rheological  pa ramete r s  
[2, 16-20]. It is difficult to determine which of these factors  is decisive and has the most effect on the mac ro -  
scopic s t ructure .  The overal l  change in proper t ies  causes a change in the relationship between the wa te r -  
content gradients and the shrinkage when the peat is modified by SA (curve 1 of Fig. 4). Fo r  example, for 
C <- C c the 8A reduces  the water-content  gradients  during drying, whereas for C >>C c it increases  them. In the 
f i rs t  case, this favors acce lera ted  drying and at the same t ime strengthening of the material ,  while in the 
second, onege ts  a reduction in the drying rate and also weakening. Here we must note that spontaneous reduc-  
tion in the drying rate due to change in proper t ies  of the mater ia l  and al terat ion in the mass t r ans f e r  cannot 
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Fig. 3. V a r i a t i o n  in the r e l a t i ve  concen t r a t ion  of  r ad ioac t ive  label  Ni /N 0 at the s u r f a c e  
of a s p e c i m e n  in r a d i a t i v e -  convect ive  d ry ing  of peat:  1) without  SA; 2-4) sulfonol  {ASA); 
2) C = 0.01%; 3) 0.02; 4) 0.2. 

Fig. 4. Effect  of sulfonol  concen t r a t ion  C (%) on the r e l a t i v e  value of the w a t e r - c o n t e n t  
g rad ien t  between the su r f a c e  and the cen te r  of the s p e c i m e n  (1) f o r  an i n t e g r a l  w a t e r  con-  
tent' of 1.8 kg/kg,  and a l so  the c r i t i c a l  concen t ra t ion  fo r  mice l l e  f o rma t ion  CCM (%) f o r  
nonionic SA (NSA) as r e g a r d s  the re la t ive  bulk sh r inkage  Vi /V  0 (2) fo r  an in t eg ra l  w a t e r  
content  of 0.3 kg/kg;  C =0.01-0.1%. 

TABLE 1. Va r i a t i on  in the Maximal  Cr i t i c a l  
Concen t ra t ion  of  SA Cm in the Modif icat ion of 
L o w e r  Sedge Pea t  

SA Cm' % (On 
Surfactant ~ype dry material) 

Neonol V10-2012 
Na salts of higher fatty acids, mm 

400 
Alkylaryltrimethylammonium 

ck/loricte (E-4) 

NSA 
ASA 

CSA 

0, 001 --0,003 
0,005--0, 01 

0,2--0,3 
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be identified with drying under  mi lde r  conditions. Here  we have two different  p r o c e s s e s ,  which on the one 
hand tend to reduce the s t rength  and on the other  tend to i nc rea se  it (Fig. 4 and Table  1). 

These  r e su l t s  apply mainly  to ASA, and in t r a n s f e r  to other  SA we get the following conclusions.  

The gene ra l  laws applicable to the effects  of al l  types of SA on the drying mechan i sm are  la rge ly  identical.  
The fea ture  speci f ic  to the nature  of the SA is C c, which is max imal  for  CSA and min imal  for  NSA (Table 1) [3]. 
This effect  of an SA is re la ted  to the speci f ic  value of the adsorpt ion,  and a lso  to the s tate  of the SA molecules  
in the d i spe r s ion  medium [3, 26]. The adsorp t ion  and the c r i t i ca l  concentra t ion for  micel le  format ion  CCM de-  
t e rmine  C c. Curve 2 of Fig. 4 shows that  the higher  the CCM for  an NSA, the dense r  and s t ronge r  the s t r u c -  
tu res  fo rmed  in the peat  on drying, whereas  the use  of an NSA with low CCM resu l t s  in the fo rmat ion  of open 
porous  s t ruc tu res .  We should note that  al l  the NSA were  used at the s ame  concentrat ions in the peat  and the 
ra t io  Vi /V 0 was calculated as the mean  value for  a constant  range in the NSA concentrat ions.  

Table 1 enables  one to use a known C m to calculate  Cc, which is about 0.5 C m. Here  one must  bea r  in 
mind that the modificat ion of a peat  by SA r e s e m b l e s  any p r o c e s s  involving adsorp t ion  phenomena in being 
v e r y  substant ia l ly  dependent on the t e m p e r a t u r e  [3, 5, 25]. There fo re ,  C c will  v a r y  to a ce r ta in  extent with 
t e m p e r a t u r e  and a lso  with the p r o p e r t i e s  of the ma te r i a l :  d i spers ion ,  wa t e r  content, and pa r t i cu la r ly  the pH 
of the d i spe r s ion  medium [3]. 

These studies thus indicate gene ra l  laws for  the effects  of SA on the drying of peat,  and they show that the 
rheologica l  and m a s s - t r a n s f e r  p a r a m e t e r s  a re  re la ted  and influence the fo rmat ion  of s t r u c t u r e s  in theologica l ly  
complicated s y s t e m s  during drying. 

N O T A T I O N  

C, sur fac tan t  concentrat ion;  ~, in tegra l  mo i s tu re  content of peat  s amples ;  d/~] du0 , r a t i o o f  drying ra tes  
dv ] dT 

with and without surfac tant ;  Vi/V0, ra t io  of peat  sample  vo lumes  with and without surfactant ;  T, t e m p e r a t u r e ;  
Ni/N0, ra t io  of the concentra t ion of the rad ioac t ive  ind ica tor  at sur face  with mois tu re  content Ui to that with 
ini t ial  mois tu re  content U0; VUi/VU0, ra t io  of mois tu re  content gradient  in the sample  of peat  modified with 
sur fac tan t  to that of peat  without surfac~ant;  CCM, c r i t i ca l  concentra t ion for  mice l le  format ion;  m m , m o l e c u l a r  
mass ;  Cc, c r i t i ca l  concentra t ion cor responding  to the m a x i m u m  drying ra te  i nc rea se ;  C m,  maximum cr i t i ca l  
concentra t ion cor responding  to drying acce lera t ion .  
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