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The r e su l t s  of an expe r imen ta l  investigation of the attenuation of ul trasound in a mois t  capi l -  
l a r y - p o r o u s  substance (fractionated quartz  r i v e r  sand) a re  given. 

The acoust ic  p a r a m e t e r s  of cap i l l a ry -po rous  subs tances  a re  c losely  co r re l a t ed  with their  s t ruc tu re  
and wa t e r - r e t a in i ng  p r o p e r t i e s  and, hence,  the de terminat ion  of these p a r a m e t e r s  is of g r ea t  scient i f ic  and 
p rac t i ca l  in teres t .  There  have been a few theore t ica l  and exper imenta l  invest igat ions of cap i l l a ry -po rous  
subs tances  by u l t rasonic  methods [1, 2]. The r e su l t s  obtained, however ,  have not been subjected to a 
c r i t ica l  ana lys i s  f rom the viewpoint of the s t ruc tu re  and wa t e r - r e t a in ing  p r o p e r t i e s  of the invest igated 
cap i l l a ry -porous  subs tances .  To fill this gap we invest igated in the p resen t  work  the at tenuation of u l t r a -  
sound in mois t  cap i l l a ry -po rous  subs tances  and its dependence on the porous  s t ruc tu re  and the posit ion of 
moi s tu re  in the po res .  From a wide range  of d i spe r sed  ma te r i a l s  we se lec ted  for  investigation cap i l l a ry -  
porous  subs tances  in which the mois tu re  is re ta ined  by phys icochemica l  binding (six f rac t ions  of quartz  
r i v e r  sand). The s izes  of the pa r t i c l e s  in the individual f rac t ions  of quar tz  sand var ied  f rom 0.712 mm 
( larges t  fraction) to 0.094 mm (smal les t  fract ion).  

The invest igations of the attenuation of ul t rasound in quar tz  sand and its dependence on mois tu re  con- 
tent were  made with an au tomat ic  pulsed u l t rasonic  device [3]. With this appara tus  we obtained two kinetic 
curves  - the curve of var ia t ion of the weight of the invest igated quar tz  sand sample  during gradual  and 
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Fig. 1. Attenuation of ul t rasound (cm -1) in quar tz  sand f rac t ions  
[1) 0.5-1.0 ram; 2) 0.074-0.105 ram] as  function of mois tu re  con- 
tent (%) (A) and toluene mass  content (%) (B). 
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TABLE 1 

Fraction, mm 
I Point alI ' I Point b II 

0,5 --1,0 1,0 5,8 8,0 
0,25 --0,5 2,1 11,9 10,0 
0,21 --0,297 2,8 12,4 12,5 
0,149--0,21 4,0 18,3 14,5 
0,105--0,149 4,5 19,0 15,4 
0,074--0,105 6,2 25,0 18,0 

Note: I) Moisture content,%; II) relative fillin 

Point c 

46,0 
~,0 
56,0 
~,0 
65,0 
72,0 

; of pores, %. 

13,5 
16,0 
18,0 
21,5 
21,5 
24,5 

II 

78,5 
92,0 
80,0 
98,0 
91,0 
98,0 

TABLE 2 

Point a Point b Point c 
Fraction, mm 

i ii i II 

0,5 --1,0 
9,25 --O;5 
0,21 --0,297 
0,149--0,21 
0,105--0,149 
0,074--0,105 

I II 

0,5 3,7 
1,3 8,5 
1,6 8,3 
2,9 15,5 
3,4 16,4 
4,5 21,0 

7,8 
8,5 
9,3 

11,0 
I1,2 
13,4 

59,0 
55,6 
48,5 
58,0 
54,0 
62,0 

13,0 
14,0 
17,4 
18,0 
18,5 
20,5 

97,0 
92,0 
90,0 
95,0 
90,0 
95,0 

Note: I) Toluene mass content, %; II) relative filling of pores. %. 

continuous drying, and the variation of the amplitude of an ul t rasonic pulse t ransmit ted by the investigated 
sample and recorded  by a rece iver  - and were thus able to investigate the attenuation of ultrasound in dif-  
ferent fractions of quartz sand with a wide range of moisture content. 

Figure 1A shows the attenuation of ultrasound of frequency 70 kHz in the two extreme (largest,  0.5- 
1.0 mm and smallest ,  0.074-0.105 ram) fract ions of quartz sand as a function of the moisture content. We 
have plotted the moisture content of the sample as a percentage of its dry  weight on the x axis,  and on the 
y axis we have plotted the logari thm of the ratio of the amplitude A 0 of the ul t rasonic pulse reg i s te red  by 
the rece iver  with the cuvette empty to the amplitude of the ul t rasonic pulse A x t ransmit ted by a layer  of 
quartz sand of thickness x, r e fe r red  to unit thickness of the sample. 

The figures show that in quartz sand with low moisture content there is a marked increase in ampl i -  
tude of the ul trasonic signal t ransmit ted by the layer  of quartz sand, and the curve represent ing the at tenua- 
tion of ultrasound in relation to moisture content of the sand passes  through a minimum at  point a on the 
curves.  The minimum attenuation of ultrasound in sand with different moisture  content depends on the 
grain size. This is revealed by curves 1 and 2 in Fig. 1A, and also by the data, given in Table 1, for all 
the quartz sand fractions investigated. Our calculations indicate that point a on the curves of ultrasound 
attenuation inthe l a rge r -g ra ined  samples corresponds to a relat ively small filling of the pores  with liquid 
in comparison with the smal le r -gra ined  fract ions (Table 1). 

With further  increase in moisture  content of the sand the plot of attenuation of ultrasound against  
moisture content for all the investigated quartz sand fract ions passes  through a maximum at point b (Fig. 
1A, Table 1), which is attained at a l a rge r  relative filling with liquid, the smal le r  the par t ic les  in the in- 
vestigated sample.  When the moisture  content of the quartz sand was g rea te r  than at point b there was 
less attenuation of the ultrasound, and when the point c was reached the amplitude of the ul t rasonic pulse 
t ransmit ted by the sample became much grea ter .  We found that this occur red  when the pores  in the quartz 
sand were a lmost  completely filled with water (Table 1). 

To determine the effect of capil lary forces  on the attenuation of ul t rasonic waves in capi l lary-porous 
substances we carr ied  out a ser ies  of experiments  in which we determined the attenuation of ultrasound in 
quartz sand in relation to the mass  content of toluene, which has density and viscosi ty  close to those of 
water ,  but differs considerably in its surface tension coefficient. 

Figure 1B shows the attenuation of ultrasound of frequency 70 kHz in the two extreme (largest and 
smallest) fractions of quartz sand in relation to the toluene mass content of the pores .  The resul ts  of the 
experiments indicate that the variation of the ultrasound attenuation in quartz sand in relation to the toluene 
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content of the po res  is the same as in the case of mois tening with water .  The curves  show a dis t inct  mini -  
mum and max imum of ul t rasound attenuation,  which move towards higher  toluene mass  contents with in- 
c r ease  in d i spers ion  of the sample .  The posit ion of the points a, b, and c on the curves  showing the a t tenua-  
tion of ul trasound in quartz sand in re la t ion  to the toluene content of all the invest igated sand f rac t ions  a re  
shown in Table 2. 

A compar i son  of the data (Tables 1 and 2) obtained when quartz  sand was mois tened with dist i l led 
wa te r  and toluene indicates  that the  c r i t i ca l  point on the curves  r ep resen t ing  the attenuation of ul t rasound in 
re la t ion to the toluene content of its pores  occur red  at  a lower re la t ive  filling of the pores  with liquid than 
in the case where  the sand was mois tened with dis t i l led water .  

Thus, we can conclude f rom an ana lys i s  of the obtained r e su l t s  that the attenuation of ul t rasound in 
mois t  quartz sand is de te rmined  by its porous  s t ruc ture  and the posit ion of mois tu re  in its pores .  The r e -  
duction of the ul t rasound attenuation in quartz sand with low mois tu re  content coincides with the format ion 
of liquid co l la r s  at  the points of contact of the individual sand gra ins .  These co l la rs  reduce the fr ict ion 
loss  [4] and lead to additional compress ion  of the whole sys t em due to the action of capi l la ry  fo rces  [5]. 
Capi l lary  compress ion  las t s  until the su r faces  bounding the liquid between the individual pa r t i c l e s  begin to 
fuse together  [5], and isolated a i r  bubbles appear  within the sample .  After  this the attenuation of u l t r a -  
sound inc reases .  As the bubbles a r e  displaced f rom the pore  space of quartz sand by the liquid the a t tenua-  
tion of the ul t rasound d e c r e a s e s .  In quartz  sand with the in te rs t ices  filled with liquid the attenuation of 
u l t rasonic  osci l la t ions  depends mainly on the the rma l  effects  occur r ing  at  the interface of the solid and 
liquid phases  due to the t r ansmis s ion  of an e las t ic  wave [6] and at low u l t rasonic  f requencies  is much less  
than in d ry  sand. 
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