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Various concepts on the mechanism of calcium-sulfate scale formation 
are considered, An especially formulated experimental investigation 
is used to demonstrate that the mechanism of scale formation on the 
boiling of saturated and nonsatu~ated solutions differs substantially. 

N a t u r a l  s a l t - c o n t a i n i n g  and b r a c k i s h  w a t e r  is  u s e d  
in the  cool ing  of v a r i o u s  h e a t - e x c h a n g e  f a c i l i t i e s .  In 
th i s  connec t ion  i t  would be i n t e r e s t i n g  to i nves t iga t e  
the  m e c h a n i s m  of s c a l e  f o r m a t i o n  and the k i n e t i c s  of 
the p r e c i p i t a t i o n  of the s a l t s  f r o m  v a r i o u s  so lu t ions ,  
thus mak ing  i t  p o s s i b l e  to deve lop  me thods  to p r e v e n t  
o r  l i m i t  the  depos i t i on  of s a l t s  on the h e a t - t r a n s f e r  
[heating] s u r f a c e s .  An a n a l y s i s  of the quant i ta t ive  r e -  
l a t i onsh ip s  gove rn ing  the depos i t i on  of s a l t s  in the 
bo i l ing  of so lu t ions ,  in addi t ion ,  m a k e s  i t  p o s s i b l e  to 
d r aw  c e r t a i n  conc lu s ions  r e g a r d i n g  the p r o c e s s e s  of 
m a s s -  and h e a t - t r a n s f e r  a t  the hea t ing  s u r f a c e s .  

Va r ious  concep t s  p r e v a i l  on the m e c h a n i s m  of s c a l e  
f o r m a t i o n  in the bo i l ing  of so lu t ions ,  with the bo i l ing  
of s a t u r a t e d  so lu t i ons  c o n s i d e r e d  in the m a j o r i t y  of 
c a s e s .  Many r e s e a r c h e r s  hold tha t  the s c a l e  is  f o r m e d  
a t  the  t r i p l e  i n t e r f a c e  in the f o r m  of r i n g s  about  vapor  
g e n e r a t i o n  s i t e s  as  a r e s u l t  of the  v a p o r i z a t i o n  of the 
so lu t ion  at  the b a s e  of the bubble  [1 ,2] .  He re  i t  is  a s -  
s u m e d  tha t  the r i n g s  about  the v a p o r  g e n e r a t i o n  s i t e s ,  
once f o r m e d ,  s e r v e  as  subsequen t  c r y s t a l l i z a t i o n  s i t e s ,  
and f i l l  in with the  p a s s a g e  of t i m e  f rom the p e r i p h e r y  
to the c e n t e r .  

Other  r e s e a r c h e r s  m a i n t a i n  tha t  the s c a l e  c i r c l e s  
a t  the v a p o r  g e n e r a t i o n  s i t e s  a r e  f o r m e d  as  a r e s u l t  
of the  e v a p o r a t i o n  of the  so lu t ion  m i c r o l a y e r  which 
a lways  e x i s t s  benea th  the bubble  and is  v a p o r i z e d  in 
the p r o c e s s  of i t s  g rowth  [3]. To d e m o n s t r a t e  the v a -  
l i d i ty  of t h e i r  h y p o t h e s i s ,  the au tho r s  of [3] i n v e s t i -  
ga ted  the depos i t i on  of s a l t  f r o m  s a t u r a t e d  so lu t ions  
of gypsum conta in ing  r a d i o a c t i v e  s u l f u r - 3 5 .  To d e t e r -  
mine  the n u m b e r  of bubbles  e m a n a t i n g  f r o m  a s ingle  
vapor  g e n e r a t i o n  s i t e ,  h i g h - s p e e d  m o t i o n - p i c t u r e  pho-  
t og raphy  was e m p l o y e d .  The  du ra t i on  of the bo i l ing  
p r o c e s s  at  the s u r f a c e  was  s e l e c t e d  so tha t  the n u m b e r  
of bubbles  f o r m e d  a t  a s ing le  v a p o r  g e n e r a t i o n  s i t e  
would not  exceed  7000. The  e x p e r i m e n t s  we re  c a r r i e d  
out at  v e r y  low hea t  l oads ,  i . e . ,  in the  r eg ion  in which 
ind iv idua l  i s o l a t e d  bubbles  of s t e a m ,  not  i n t e r ac t i ng  
with each  o the r ,  e x i s t e d  at  the s u r f a c e .  

Dur ing  the growth  of the vapor  bubble on the h e a t -  
t r a n s f e r  s u r f a c e ,  in the opinion of the au tho r s  of [3], 
the m i c r o l a y e r  of the l iquid  benea th  the bubble  is  
e v a p o r a t e d  and an e x t r e m e l y  thin l a y e r  of s a l t  is d e -  
p o s i t e d .  As the n u m b e r  of bubbles  i n c r e a s e s ,  the 
t h i c k n e s s  of th is  l a y e r  g r a d u a l l y  i n c r e a s e s .  As  a r e -  
su l t  of the fac t  tha t  the e x p e r i m e n t s  w e r e  c a r r i e d  out 
with s a t u r a t e d  so lu t ions ,  the  au tho r s  a s s u m e  tha t ,  

once having been  f o r m e d ,  the s c a l e  spo ts  wil l  not  
aga in  d i s s o l v e .  Knowing the to ta l  amount  of s a l t  d e -  
p o s i t e d  a t  a s ing le  vapor  g e n e r a t i o n  s i t e  ( d e t e r m i n e d  
by  the  r a d i o a c t i v e  me thod) ,  and knowing the n u m b e r  of 
b u b b l e s ,  i t  was p o s s i b l e  to eva lua t e  the  t h i c k n e s s  of 
the f lu id  m i c r o l a y e r  benea th  the bubble ,  which t u r n e d  
out to be equal  to  8000/~ (0.8 pm) .  It was  noted  tha t  
the  d i a m e t e r s  of the s a l t  c i r c l e s  co inc ide  a p p r o x i -  
m a t e l y  with those  of the  b u b b l e s ,  while  the t h i cknes s  
is  v i r t u a l l y  cons t an t .  

On the b a s i s  of such  i nves t i ga t i ons  the au tho r s  of 
[3] c a m e  to the  conc lus ion  that  the mode[  of the s a l t -  
depos i t i on  p r o c e s s  p r o p o s e d  e a r l i e r  [1 and 2] cannot  
exp la in  the p r e c i p i t a t i o n  of a s ca l e  l a y e r  of un i fo rm 
t h i c k n e s s .  They  contend tha t  if the s a l t  depos i t i on  r e -  
su i t ed  f r o m  the e v a p o r a t i o n  of the so lu t ion  at  the t r i p l e  
i n t e r f a c e ,  the s c a l e  spo t  would be in the shape of a 
c r a t e r ,  with the th icken ing  a long the g e n e r a t r i x  of the  
bubbles  tha t  we re  the  f i r s t  to  t e a r  away.  

Ano the r  m e c h a n i s m  is  p r o p o s e d  in [4] fo r  the d e -  
pos i t i on  of s a l t s ,  th i s  b a s e d  on an a n a l y s i s  of the b a l -  
ance  of the f o r c e s  ac t ing  on the ions  wi thin  the  vo lume  

of the so lu t ion  and a t  the  t r i p l e  i n t e r f a c e .  An i n t e r -  
e s t i ng  e x p e r i m e n t  is  d e s c r i b e d  in [4] on the boi l ing  of 
s e a  w a t e r  f lowing in an annu la r  channel ,  in concen -  
t r a t o r s  f o r m e d  of two tubes ,  one of which (the inner)  
is  hea ted .  I t  was found as  a r e s u l t  of the e x p e r i m e n t  
tha t  in the bo i l ing  of the  so lu t ion  the depos i t i on  of the 
s a l t s  o c c u r s  e i t h e r  a t  the hea t ed  tube (when the width 
of the s l i t  c l e a r a n c e  is g r e a t e r  than the  d i a m e t e r  of 
the bubbles  be ing  fo rmed)  o r  on both of the tubes  (when 
the width of the c l e a r a n c e  is s m a l l e r  than the d i a m e t e r  
of the r e s u l t i n g  bubb les ) ,  even  though the ou t s ide  tube 
is  e n t i r e l y  unhea ted .  On the b a s i s  of the fac t  that  in 
the l a t t e r  c a s e  the  depos i t i ons  a r e  e n t i r e l y  iden t ica l  
both at  the hea ted  and the unhea ted  s u r f a c e s ,  the a u -  
tho r  d r a w s  the conc lus ion  that  an i n c r e a s e  in concen -  
t r a t i o n  as  a r e s u l t  of e v a p o r a t i o n  is i m p o s s i b l e  at  the 
v a p o r - w a t e r  bounda ry  and,  consequen t ly ,  s a l t  d e p o -  
s i t ion  does  not come  about  as  a r e s u l t  of e v a p o r a t i o n .  

As a m a t t e r  of fac t ,  h o w e v e r ,  the r e s u l t s  of the o r i g -  
inal  e x p e r i m e n t  in no way c o n t r a d i c t  the p o s s i b i l i t y  of 
the f o r m a t i o n  of a so lu t ion  of e l e v a t e d  concen t ra t ion  
a t  the i n t e r f a c e .  

To a s c e r t a i n  the p o s s i b i l i t y  of the f o r m a t i o n  of 
s u p e r s a t u r a t e d  so lu t ion  at the i n t e r f a c e  of a l a y e r  as a 
r e s u l t  of the d i f f e r e n c e s  in the  r a t e s  of s e p a r a t i o n -  
bounda ry  d i s p l a c e m e n t s  (during bubble  growth) and the 
d i f fus ion  of i o n s ,  a s p e c i a l  e x p e r i m e n t a l  i nves t iga t ion  
was  u n d e r t a k e n .  A c y l i n d e r  f i l l ed  with an u n s a t u r a t e d  

so lu t ion  of c a l c ium su l fa te  was coo led  with ice f r o m  
below.  A f la t  g l a s s  s p i r a l  conta in ing  a n [ c h r o m e  h e a t e r  
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was mounted in the upper port ion of the cyl inder .  Ni-  
chrome-cons tan tan  thermocouples  and sampling devices  
were  posi t ioned at  three  points along the height of the 
cyl inder  to measu re  the corresponding dis t r ibut ions  of 
t empe ra tu r e s  and concentra t ions .  

It was found that, in the absence of boiling, the sa l t  
concentrat ion in the upper l aye r  becomes substant ia l ly  
higher than within the depth of the liquid; this as a 
r e su l t  of the evaporat ion of the liquid in the cyl inder  
f rom the sur face .  This probably indicates  that the ra te  
of ion diffusion for the sa l t s  in the solution is sub-  
s tant ia l ly  lower than the ra te  of liquid evaporat ion 
f rom the evaporat ion sur face .  The specia l  tes t s  c a r -  
r ied  out in the absence of an open evaporat ion surface  
demons t ra ted  that in this case the inc rease  in concen- 
t ra t ion in the upper l aye r s  of the liquid is not found~ 
This makes  it poss ib le  to assume that the dis t r ibut ion 
of concentrat ions (in the absence of any convection 
currents)  is independent of the  t empera tu re  f ield.  

On the bas is  of the invest igat ions that have been 
c a r r i e d  out demonst ra t ing  that the ra te  of evaporat ion 
is substant ia l ly  g r e a t e r  than the ra te  of ion diffusion in 
the sal t ,  we can probably  mainta in  that the format ion 
of a supe r sa tu ra t ed  solution at the interface is poss ible  
during the p roces s  of vapor-bubble  format ion and 
growth. It should be noted, however,  that an inc rease  
in the concentrat ion of sal t  at the interface wih the 
growth of the bubble may resu l t  not only f rom evapora -  
tion, but a lso  from the g r e a t e r  iner t ia  of the hydra ted  
calcium and sulfate ions, in compar ison with the d i -  
poles of the water .  To asce r ta in  which of these fac tors  
is decis ive  in the p roces s  of elevating the sa l t  con- 
centrat ion at the interface,  a specia l  exper iment  was 
set  up to bubble a i r  sa tura ted  with water  vapor through 
the sa tura ted  solution, the a i r  being dr iven through a 
porous sur face .  Simulating the p rocess  of boiling on 
an unheated porous surface ,  no evaporat ion at the in-  
te r face  was found, while the elevated iner t ia  of the 
hydrated ions remained .  The absence of sa l t  depos i -  
tion on the porous surface  pe rmi t s  us to maintain that 
it is the ra te  of evaporat ion ra the r  than the ra te  of ion 
diffusion for  the sa l t s  that is decis ive in the p rocess  
of increas ing the sa l t  concentrat ion at the in ter face .  

Thus, on the bas i s  of the indi rect  exper imenta l  
invest igat ions that have been c a r r i e d  out, we can s tate  
that the concentrat ion of the sal t  ions may  be cons id-  
e rably  g r e a t e r  at the in terface  during the p rocess  of 
vapor-bubble  growth than within the liquid volume. As 
a r esu l t  of the fact that the g rea t e s t  evaporat ion inten-  
s i ty  is always found at the root of the bubble, the 
g rea tes t  supersa tu ra t ion  of the solution must  also take 
place at the bubble root ,  i . e . ,  at the heating sur face .  
Moreover ,  it should be noted that a t r ip le  in terface  is 
formed at the heating surface during the boiling p r o -  
cess ,  which fac i l i ta tes  the generat ion of c r y s t a l s ,  and 
fu r the rmore ,  that solutions of sa l ts  exhibiting a nega-  
tive coefficient of solubi l i ty  (as, for  example,  calcium 
sulfate), which a re  not sa tura ted  within the volume, 
may turn out to be supersa tu ra ted  near  the wall in the 
case of elevated t e m p e r a t u r e s .  Thus both the t r ip le  
interface and the reduced solubil i ty at the wall l ayer  
(only in the case  of negative solubil i ty coefficients),  

and the substant ia l  evaporat ion at the bubble root,  en-  
hance the per iod ic  format ion of zones of e levated con- 
centra t ions  near  the vapor  generat ion s i t e s ,  which 
leads to the prec ip i ta t ion  of a scale  ring.  

In the per iod  following the separa t ion  of the p r e -  
ceding bubble, p r i o r  t o t h e  generat ion of the following 
bubble at the same vapor generat ion s i te ,  the r ing is 
f lushed by an unsa tura ted  solution flowing f rom the 
flow core or f rom the adjacent  sect ions of the wall 
l aye r ,  and the r ing may d isso lve .  Consequently, during 
the p roces s  of the format ion,  growth, and separa t ion  
of a l a rge  number  of vapor bubbles,  a dynamic scale  
g r id  may constantly be p resen t  on the heating surface .  

It was demons t ra ted  in [7] on the bas i s  of experi~ 
mental  data that the waiting per iod  (the t ime f rom the 
instant of separa t ion  to the instant of generat ion for 
the following babble) is substant ia l ly  g r e a t e r  than the 
per iod  of bubble growth (the t ime f rom the instant of 
generat ion to separat ion) ,  with this difference in-  
c reas ing  as the heat  load is enlarged.  Therefore ,  even 
if the ra te  of solution is somewhat g r e a t e r  than the 
ra te  of sa l t  deposi t ion (crys ta l l iza t ion) ,  total  d i s so lu -  
tion of the r ing is poss ib le  during the waiting per iod,  
in which the center  is f lushed by the unsatura ted so lu-  
t ion.  

A specia l  exper iment  was set  up to provide an ex-  
per imenta l  ver i f ica t ion  of the poss ib i l i ty  that a d y -  
namic scale  g r id  exis ts  on the he a t - t r a n s f e r  vapor -  
generat ing surface  by invest igat ing the kinet ics  of 
ca lc ium-su l fa te  deposit ion f rom unsatura ted  solutions.  
The tes t  was c a r r i e d  out with boiling in a l a rge  volume 
on horizontal  sur faces  facing upward under a tmo-  
spher ic  p r e s s u r e  with jumpwise a r t i f i c ia l  var ia t ions  
in the concentrat ions ,  without reducing the intensi ty of 
the boiling p r o c e s s .  The exper imenta l  r esu l t s  a re  
p resen ted  in F ig .  1. The upper curve shows the r i s e  
in the t empera tu re  of the h e a t - t r a n s f e r  surface in the 
t ime from the instant of the a r t i f i c ia l  pronounced in-  
c r e a s e  in the ca lc ium-su l fa te  concentration from a 
volume of 0.8 to 1.34 g/l. The graph shows that during 
the f i r s t  35 min the t empe ra tu r e  of the hea t - t r ans f e r  
surface  rose  by 18 ~ C and s tabi l ized  at that level .  The 
lower curve shows the drop in the t empera tu re  of the 
heating sur face  with t ime af ter  a pronounced d iscon-  
tinuous drop in the concentrat ion within the volume, 
this instant coinciding on the graph with the ini t ial  point 
of s tabi l izat ion for  the surface  t empera tu re .  

An analys is  of the curves  shown in Fig.  1 shows 
that the kinet ics  of the sa l t -depos i t ion  p r o c e s s e s  at the 
surface  and of the solution of the sa l t  on t rans i t ion  
f rom one level of s u r f a c e - t e m p e r a t u r e  s tabi l izat ion 
to another is identical .  This makes  it poss ib le  to a s -  
sume. that  in the concentrat ion region below the one 
for  the beginning of unl imited growth in sal t  deposition 
there  exis ts  some dynamic equi l ibr ium between the 
solution and the sur face  (perhaps a dynamic scale  grid) 
in which the ra tes  of ca lc ium-su l fa te  deposit ion are  
equal to the r a t e s  of its solut ion.  Here the scale  s t ay -  
t ime at  the surface is probably commensura te  with the 
per iod  of the bubble cycle .  

The exis tence of a dynamic gr id  of rings is most  
l ikely one of the fac tors  respons ib le  for a cer ta in  in-  
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Fig. I. Kinetics of deposition and dissolution of calcium sulfate 
on a heating surface at a heat load of I MW/m 2 in the region of 

the dynamic scale grid (Atsc, ~ T, rain). 

Fig. 2. Operation cycle of vapor generation site. 

! 

I 

/ -  T 

20 ~ ,  

0 " 2 T 

Fig. 3. Kinetics of deposition and dissolution of calcium sulfate 
on a heating surface at a heat load of ] MW/m ~ in the region of 
unlimited scale growth (Atsc, ~ T, hr); I) calcium sulfate 
concentration 0.97 g/liter; 2) 1.2; 3) 1.3; 4) 1.47; 5) 1.30; 

6) 1.18; 7) 1.0; 8) 0.78. 
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crease  in the tempera ture  of the hea t - t ransfer  surface 
during the boiling of unsaturated solutions with con- 
centrations below the one needed for the onset of un- 
limited growth in salt deposition [5, 6]. It should be 
noted that in a number of cases  some increase in the 
surface temperature  presents  no danger whatever for  
the reliable operation of the heat-exchange equipment, 
although it leads to a slight drop in the coefficient of 
heat t ransfer  from the wall to the boiling liquid or in 
the heat load (depending on the heating method). 

On the basis of an analysis of the described exper i -  
mental and l i terature data it is possible to assume that 
the deposition of salts on the hea t - t ransfer  surface 
proceeds in the following manner.  Let us examine the 
operational cycle for several adjacent vapor generation 
sites (Fig. 2). A vapor bubble is generated at one of 
the sites at some instant of t ime. We know that the 
rate of growth for the generated bubble is very  great  
at the initial instant of time (on the order of 20 m/see), 
rapidly dropping to some given level, and then re- 
maining approximately constant throughout the process 
of bubble growth [7]. During the bubble growth, be- 
cause of evaporation into a bubble, as well as because 
of the great  inertia of the hydrated calcium and sulfate 
ions relative to the water dipoles, there is an increase 
in the salt concentration at the interface. In the boiling 
of saturated solutions this increase in concentration 
leads immediately to supersaturation and crys ta I l iza-  
tion begins at the tr iple interface, since the heating 
surface exhibits the most  favorable conditions for the 
generation of crystals  (particularly with a negative 
salt-solution coefficient), Since the rate of bubble 
growth is virtually constant [7], the region of super-  
saturation for the solution also shifts f rom the center 
to the periphery at a constant rate,  which must  prob-  
ably lead to the formation of a layer of crystals ex- 
hibiting a constant thickness, as was ascertained in 
[3]. During the waiting period the vapor generation 
site (as was demonstrated above, this is also the crys- 
tal generation site) is flushed by a saturated solution 
and the spot that has been formed is therefore not 
dissolved. 

In the boiling of unsaturated solutions the formation 
of a supersaturated solution may not be achieved at 
the very beginning of bubble growth. The time lag is 
determined f rom the rate of bubble growth (the velocity 
of motion for  the triple interface) and the salt content 
of the solution. The smal ler  the degree of saturation 
for  the solution, the later  supersaturation is achieved 
and, consequently, the grea ter  the time lag. In this 
case the scale is formed in the form of a ring about 
the vapor generation site, and the smal le r  the degree 
of saturation for  the solution (the saturation resulting 
f rom the scale generator) ,  the smal ler  the width of 
this ring, 

At some specific concentration which is probably 
comparably small (and which may be re fe r red  to as 
the concentration for the onset of deposition) the t ime 
lag is equal to or g rea te r  than the period of bubble 
growth. In this case there is no scale generation. 

It may therefore be assumed that over a wide range 
of concentrations above the concentration for the onset 

of salt deposition and below the concentration for the 
onset of unlimited growth in salt deposition on the 
heating surface there exists a so-called stabilized 
scale.  Indeed, as demonstrated by the experiments 
ca r r i ed  out ear l ie r  in the boiling of unsaturated solu-  
tions [5, 6, 8], some limited quantity of salt  is deposited 
on the heating surface and this is subsequently stabil- 
ized. This quantity of salt is the greater ,  the higher 
the salt content of the solution and the greater  the heat 
load, under identical conditions. 

On the basis of the above-described additional and 
especial ly designed tes ts  arid f rom an analysis of the 
resulting experimental data, as welt as f rom the r e -  
sults of other investigations, we can assume that the 
process  of stabilized scale formation proceeds in the 
following manner .  

With a gradual shift in the triple interface during 
the period of bubble gro~q~h on the hea t - t ransfer  vapor-  
generating surface,  at the root of the bubble, as a 
result  of evaporation, crystallization of the calcium 
sulfate takes place. Here, depending on the degree of 
saturation for the solution, rings or scale circles 
with various widths are  formed. After separation of 
the bubble during the waiting period the ring or  scale 
circle  is flushed by the unsaturated solution flowing to 
the wall layer  f rom the core flow and from the seg- 
ments adjacent to the wall layer,  thus causing the salt 
to dissolve, The duration of the growth period and of 
the waiting period for the bubble at high thermal' loads 
involves thousandths of a fraction of a second. During 
these brief  s tay- t imes for the salt on the heat- t ransfer  
surface no significant structural  changes in the scale 
are possible, since the conversion of the hydrated 
modifications of calcium sulfate to other modifications 
alone proceeds comparatively slowly. The solubility 
of the calcium sulfate deposited on the surface cannot 
therefore change significantly [9]. 

This process  with a shift in time is repeated for all 
active vapor-generat ion sites,  with a dynamic scale 
grid formed at the surface.  With an increase in the heat 
toad or  in the concentration of the salt within the vol- 
ume, the zones of elevated concentrations at adjacent 
sites gradually converge. When these zones come into 
contact, along the entire wall layer a limit of solubil- 
ity is attained and the dynamic equilibrium between the 
processes  of precipitation and solution shifts in the 
direction of crystallization, since during the waiting 
period the vapor generation site is flushed either by a 
saturated or a supersaturated solution. The rings 
quickly fill in from the periphery to the center in this 
case and gradually touch each other. The resulting 
solid layer of scale continuously thickens, and this is 
accompanied by a continuous rise in the temperature 
of the hea t - t ransfer  surface.  The scale at the wall is 
constantly at a temperature  somewhat higher than the 
saturation temperature,  so that the salt temperature 
is the higher, the closer  the salt is situated to the 
heating surface.  Dehydration of the calcium sulfate is 
quite possible in this case,  as is a reduction in the 
solubility of the scale.  

To check out these statements,  we set up a special 
experiment on the kinetics of the deposition of calcium 
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sulfate f rom the solution and on the kinet ics  of the 
solution of the sca le  deposi ted e a r l i e r  on the sur face .  
The exper iment  was c a r r i e d  out on the same in s t a l l a -  
t ion as  the exper imen t  whose resu l t s  a r e  given in 
F ig .  1, the only di f ference being that the l a t t e r  ex-  
pe r imen t  was c a r r i e d  out with a r t i f i c i a l  changes in the 
concentra t ion f rom values below the concentra t ions  
for  the onset  of unl imi ted  growth in sa l t  deposi t ion to 
concentra t ions  c l e a r l y  exceeding this quantity. The 
r e su l t s  of the exper iment  c a r r i e d  out at a constant 
heat  load equal to 1 MW/m 2, and with a constant  vol -  
ume for the boil ing ca lc ium-su l fa t e  solution, a r e  p r e -  
sented in F ig .  3. The concentra t ion in the volume was 
va r ied  discont inuously by rep lac ing  pa r t s  of the boiling 
solution by a boi l ing solution of a higher  concentrat ion 
(when going to a higher  concentration) or with a boil ing 
d i s t i l l a t e  (when going to a s m a l l e r  concentrat ion in the 
volume).  

Analys is  of the t ime functions p resen ted  in F ig .  3 
shows that  in the region of concentra t ions  below the 
concentra t ion for  the onset  of unl imi ted  growth in sa l t  
deposi t ion,  i . e . ,  in the region in which dynamic sca le  
ex i s t s ,  the surface  t e m p e r a t u r e  is  r a the r  quickly 
(within 15-40 min) s tab i l i zed ,  and here ,  the g r e a t e r  
the concentrat ion in the volume, the higher  the level  
of s tabi l iza t ion  (curves 1,2,  3). As soon as the concen- 
t ra t ion  in the volume exceeds some magnitude r e f e r r e d  
to as the concentrat ion of unl imi ted  growth in sa l t  de -  
posi t ion,  an intense r i s e  in the t empe ra tu r e  of the s u r -  
face begins,  with the magnitude of Atsc - -equa l  to the 
t empe ra tu r e  di f ference for  the wall between the boil ing 
of the solution at the wall and the boil ing of the d i s t i l -  
l a t e - - i nc r ea s ing  marked ly ,  which is also a consequence 
of the r a t h e r  rap id  format ion  of a sol id  continuously 
growing l aye r  of scale  (curve 4). 

A reduction in the concentrat ion in the volume does 
not lead to the rapid  solution of the sca le  (curves 5, 6, 
7,8) which now occurs  over  a per iod  of s eve ra l  tens 
of hours .  Thus, in the given region of concentra t ions  
exceeding the concentra t ion for  the onset  of unl imi ted  
growth in sa l t  deposi t ion,  the p roce s s  of sa l t  depos i -  
tion at the surface  p redomina tes  over  the p roc e s s  of 
solution.  In this  region" of concentrat ion a s table  con- 
s tant ly  growing l aye r  of sca le  is fo rmed at the s u r -  
face,  resu l t ing  in the gradual  continuous r i s e  in the 

temperature of the wall for a constant heat load. The 
prolonged stay-time of the scale at the surface, partic- 
ularly in the deeper layers, with a sufficiently high 
temperature level, may probably be accompanied by 
the dehydration of the solid phase, which also leads to 
a pronounced drop in solubi l i ty .  At lower t e m p e r a -  
tu res  the dehydrat ion may  proceed  more  slowly or 
there  may  be none at a l l .  

The s ta tement  that sa tura t ion  is achieved at  the 
concentrat ion for  the onset  of unl imi ted  growth in sa l t  
deposit ion at the sur face  as a r esu l t  of the evaporat ion 
of the wall l aye r  was used  to de te rmine  the number  of 
t imes  during which the l iquid c i rcu la ted  through the 
boil ing l aye r  a t  the wall .  
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