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A radioisotope apparatus and procedure  have been developed for recording the motion of a 
control  ball with a gamma radiator  and for determining the effective viscosi ty of a disperse  
system under vibrations.  

The t reatment  of disperse  mater ia ls  in a vibration field can be optimized only if the rheological 
proper t ies  of such sys tems are  taken into account. 

The in ter layer  p rocesse  s in disperse  sys tems and the physicomechanical  proper t ies  of such sys tems 
under vibrations were examined by the radioisotope method, both the apparatus and the procedure  having 
been descr ibed in [3-6]. Results  of viscosi ty  measurements  in a disperse  sys tem by means of gamma rays  
were reported in [7]. In that case the geometr ic  locations of an indicator ball were measured  discretely,  
i . e . ,  at instants of its passage through the sensitivity zones of two detectors  installed at a definite distance 
between them. 

The authors studied the motion of an indicator ball and the rheological proper t ies  of disperse sys tems  
under vibrations.  

As the test mater ia l  we used an aqueous cement suspension with a dispersivi ty of the solid phase 
equal to 5000 cm2/g and with the water:  cement ratio varying f rom 0.25 to 0.30. The tests  were per formed 
under harmonic  vibrations in the horizontal plane at a frequency of 3000 per  minute and with an amplitude 
A = 0.05, 0.22, or  0.30 mm. The radioisotope apparatus (Fig. 1) was suitable for recording the location of 
a control ba l l (d i ame te r  d = 5.5 cm, density PS = 4.0 or  7.8 g / c m  3) during its motion through the water 
- c e m e n t  mix. A ball contained inside a bead with cesium-137 isotope emitting gamma rays  at a 0.66 MeV 

* This paper  was presented at the Sixth Symposium on the Rheology of Po lymers  held in Moscow, May 18- 
22, 1971. 
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Fig. 1. Schematic diagram of the radioisotope apparatus:  1) 
model N-102 loop oscil lograph; 2, 5) pulse shapers;  3, 6) 
cathode followers;  4 ,  7) radiation detectors;  8) lead shield; 9) 
controt  ball; 10)vesse l ;  11)shaker .  
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F i g .  2. R a t i o  of  r a d i a t i o n  i n t e n s i t i e s  a t  the d e t e c t o r s  
(i - I2/I  1) a s  a func t ion  of the b a l l  i m m e r s i o n  dep th  (h). 

F i g .  3. The  e f f ec t i ve  v i s c o s i t y  of  an  aqueous  c e m e n t  
s u s p e n s i o n  a s  a func t ion  of the  w a t e r :  c e m e n t  r a t i o ,  
w i th  PT = 7.8 g / c m  3 and  an o s c i l l a t i o n  f r e q u e n c y  of  
3000 r a i n - l ;  1) a m p l i t u d e  0.22 ram;  2) 0.3 r a m .  77, P .  

T A B L E  1. D e n s i t y  of Aqueous  C e m e n t  S u s -  
p e n s i o n  as  a F u n c t i o n  of  the W a t e r  : C e m e n t  
R a t i o  

Water:cement ratio Ps' g/cm2 

0,250 
0,275 
0,300 

2,18 
2,13 
2,t0 

e n e r g y  l e v e l  and a 2 . 3 3 . 1 0  -T R / s e c  -1 �9 m -1 p o w e r f u l  e x -  
p o s u r e  d o s e .  Such a b a l l  wi th  i s o t o p e  was  p l a c e d  i n s ide  
the 20 • 20 x 20 c m  v e s s e l  10 {Fig. 1), which  was  then 
f i l l ed  wi th  the t e s t  m a t e r i a l .  The  m o d e l  STS-5  r a d i a t i o n  
d e t e c t o r s  4 and 7 w e r e  s p a c e d  16 c m  a p a r t .  

The  g a m m a  r a d i a t o r  in t h e s e  t e s t s  could  be  a s s u m e d  
e q u i v a l e n t  to a po in t  s o u r c e ,  i n a s m u c h  a s  i t s  a c t i ve  c o m -  
ponen t  was  much  s h o r t e r  than i t s  d i s t a n c e  to the d e t e c t o r .  
E l e c t r i c  p u l s e s  f r o m  each  r a d i a t i o n  d e t e c t o r  w e r e  t r a n s -  

m i t t e d  to the r e s p e c t i v e  ca thode  f o l l o w e r s  3 and 6, then t o  the p u l s e  s h a p e r s  2 and 5 wi th  the  m o d e l  N-102 
r e c o r d i n g  o s c i l l o g r a p h  1 a t  the output .  In th i s  way,  s i g n a l s  f r o m  the two d e t e c t o r s  w e r e  r e c o r d e d  at  d e f i -  
n i te  i n t e n s i t i e s  a long  with t i m e - b a s e  p u l s e s .  A d i s p l a c e m e n t  of the po in t  s o u r c e  of  g a m m a  r a y s  could  be  
m e a s u r e d  by  the r a t i o  of r a d i a t i o n  i n t e n s i t i e s  f r o m  the two d e t e c t o r s  with r e s p e c t  to a c e r t a i n  b a s e  l eve l .  
With  the  d i s t a n c e  f r o m  the po in t  s o u r c e  to the f i r s t  and to the s e c o n d  d e t e c t o r  R 1 and R2, r e s p e c t i v e l y ,  and 
with the  c o r r e s p o n d i n g  r a d i a t i o n  i n t e n s i t i e s  r e c o r d e d  by  t hem I i and I 2, we have ,  a c c o r d i n g  to [8], the r a t i o  
of  r a d i a t i o n  i n t e n s i t i e s  i = I2/I  1 e x p r e s s e d  as  

i = I~./11 = (R~/R~) exp [ - -  ,~ (R2 - -  R1):] �9 (1) 

On the b a s i s  of  the r a t i o  of  i n t e n s i t i e s  a v e r a g e d  by  the d e t e c t o r s  o v e r  a su f f i c i e n t l y  s h o r t  t i m e  i n t e r -  
va l ,  one can,  a c c o r d i n g  to f o r m u l a  (1), a l m o s t  con t inuous ly  r e c o r d  the g e o m e t r i c  l o c a t i o n  of a po in t  s o u r c e  
d u r i n g  a l i n e a r  mo t ion .  In o r d e r  to i n c r e a s e  the s e n s i t i v i t y  of  th is  me thod  of r e c o r d i n g ,  i t  i s  n e c e s s a r y  to 
i n c r e a s e  the r a t i o  of  i n t e n s i t i e s  a t  the  d e t e c t o r s ,  and th is  i s  a c h i e v e d  by  r e d u c i n g  the i r r a d i a t i o n  l e v e l  of 
the u p p e r  d e t e c t o r  4 r e l a t i v e  to tha t  a t  the l o w e r  d e t e c t o r  7 by  m e a n s  of  a v a r i a b l e - t h i c k n e s s  Lead sh i e ld  8 
(wedge with a 2 c m  b a s e  and a 10 c m  height) .  In th i s  c a s e ,  d u r i n g  a v e r t i c a l  downward  d i s p l a c e m e n t  of the 
c o n t r o l  b a l l  with t h e  s o u r c e ,  the i n t e n s i t y  of  g a m m a  r a d i a t i o n  a t  the u p p e r  d e t e c t o r  (I1) d e c r e a s e s  owing to 
i t s  l a r g e r  d i s t a n c e  f r o m  the s o u r c e  {R~) and b e c a u s e  of  the e x t r a  a t t enua t i on  of r a d i a t i o n  by  the sh i e ld  m a t e -  
r i a l .  A t  the s a m e  t i m e ,  the r a d i a t i o n  i n t e n s i t y  at  the l o w e r  d e t e c t o r  (I 2) i n c r e a s e s  owing to i t s  s m a l l e r  
d i s t a n c e  f r o m  the s o u r c e  CR2). F u r t h e r m o r e ,  a p r o p e r  d e s i g n  of  the s h i e l d  p r o f i l e  wi l l  m a k e  i t  p o s s i b l e  to 
t r i m  th i s  r e l a t i o n  a s  d e s i r e d ,  and  a l s o  to r e d u c e  the r e c o r d i n g  e r r o r  due to the v a r i a t i o n  in the p r o p e r t i e s  
of  the m e d i u m  d u r i n g  v i b r a t i o n s  g e n e r a t e d  by  the s h a k e r  11. 

In F ig .  2 i s  shown the r a t i o  of  r a d i a t i o n  i n t e n s i t i e s  a t  the d e t e c t o r s ,  a s  a funct ion  of the b a l i  depth  
{ d i a m e t e r  5.5 cm,  d e n s i t y  7.7 g / c m  3) in s e l e c t e d  aqueous  c e m e n t  s u s p e n s i o n s .  
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TABLE 2. Ball Velocity (PS = 7.8 g/cm 3) 
in Aqueous Cement Suspensions at Various 
Vibration Amplitudes (Frequency n = 3000 
per min) 

Water:cement 
ratio 

0,250 
0,250 
0,250 
0,275 
0,275 
0,300 
0,300 

!Vibration amplitude, 
1-tim 

0,05 
0,22 
0,30 
0,22 
0,30 
0,22 
0,30 

V, c m / s c a  

0,170 
0,183 
0,202 
0,358 
0,641 
1,956 
2,059 

In o rder  to determine the displacement h of a control 
ball within a definite time period, we have stat ist ically 
evaluated a number of pulses shown on an osci l logram with- 
in a measurement  time of 0.1 sec. This ensured an aver -  
age e r r o r  of ionizing-radiation measurements  of not more  
than 10%, as required for the given source of gamma rays  
under the given test  conditions. The relat ion between the 
ball immers ion  depth h and the ratio of gamma-radia t ion  
intensities (i = I2/I1) recorded by the detectors  for the given 
aqueous cement suspensions can be expressed as 

h == 10~55-- 055 i ~ 13:8/i, cm. (2) 

The density of the aqueous cement suspensions was 
measured  by the method shown in [3]. A layerwise check 

of the density in the mixtures during vibrations indicated no stratif ication of the mass .  The pa rame te r s  of 
vessel  and mixture vibrations were compared by tracking the vibrations of a ball (density 1 g / c m  3) in water.  
The tests indicated a near-coincidence,  under the given conditions, between the pad vibrations and the ball 
vibrations,  which more  or  less agreed with the test resul ts  in [9]. 

The density of the mixture is tabulated (Table 1) as a function of the water  : cement ratio. 

It was found in the course of the experiment that during s teady-sta te  vibrations the control ball moved 
at a constant velocity v = dh/d~-. 

This conf i rms the resul ts  obtained in [10] with a slotted v ibroviscometer ,  indicating that vibrations 
cause the s t ructure  of aqueous cement suspensions to break down throughout the volume and isotropically.  
In Table 2 are  shown the values of the mean ball velocity in an aqueous cement suspension at different 
water  : cement rat ios  and at different amplitudes of volume vibrations (frequency n = 3000 per  minute). 

An inspection of Table 2 will show that, as both the water : cement ratio and the vibration amplitude 
increase  (at a constant frequency), the average ball velocity also increases .  Analogous resul ts  were ob- 
tained also with a ball of a 4.0 g / cm 3 density. 

Since the density of an aqueous cement suspension does not vary during vibrations, at fixed water  
: cement rat ios,  hence the velocity of the mix may in this case be assumed zero.  It has been shown in 
[5, 10] that d isperse  sys tems  under vibrations behave like Newtonian fluids and that, therefore,  the appli- 
cation of this test  method to s t ructur ized sys tems is perhaps l imited by an ultimate breakdown of the s t ruc-  
ture.  Thus, the effective viscosi ty of a suspension ~/v can be defined on the bas is  of the Stokes equation, 
in this case (d = 5.5 cm, g = 981 cm/sec2):  

~1u=1649 (ps--ps)/v, p, (3) 

with PS denoting the density of the ball mater ia l  (g/cm3), Ps denoting the density of the suspension (g/cm3), 
and v denoting the ball velocity (cm/sec).  

The effective viscosi ty of an aqueous cement suspension as a function of the water : cement ratio is 
shown in Fig. 3 at vibration amplitudes 0.22 and 0.30 mm of a ball of a 7.8 g / c m  3 density. An analysis  of 
test  data shows that, as the water : cement rat io increases ,  the effective viscosi ty of the suspension de-  
c reases  and at a water : cement ratio - 0 . 3  the sys tem viscosi ty  is hardly affected by the vibration ampli-  
tude. These conclusions are  supported by data in [10, 11]. 

Thus, the contactless radioisotope method is useful for studying the rheological proper t ies  of dis-  
pe rse  sys tems under vibrations.  

w/c  
d 

PS 
Ps 
Ri, R2 
I,,12 

N O T A T I O N  

is the water  : cement ratio;  
is the diameter  of the control sphere; 
is the density of the control sphere; 
is the density of suspension; 
are  the distances f rom the point source to the upper and to the lower detector,  respect ively;  
are  the radiation intensities recorded  by the upper and by the lower detector,  respect ively;  
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i = I 2 / I ~  

h 
V 

T 

~?v 
g 

is the ra t io  of radiat ion intensi t ies ;  
is the l inear  coefficient  of g a m m a - r a d i a t i o n  attenuation; 
is the depth of ball  immers ion ;  
is the ave r age  veloci ty  of  control  ball ;  
is the t ime;  
is the effect ive v i scos i ty  of the sys tem;  
is the acce le ra t ion  of gravi ty .  
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