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A method has been developed for determining the differential macroporous  s t ructure  of 
a dispersed body. The method has been tested on typical standard porous bodies: quartz 
sand, ceramic ,  and cellulose. 

The s t ruc ture  of the porous base in a body with capil lar ies  is one of the important  fac tors  governing 
the heat and mass  t ransfer ,  as well as the diffusion and fi l trat ion and many other physical processes .  

The s t ructura l  charac te r i s t i c s  of porous bodies are  of scientific and practical  in teres t  in relat ion 
to fi l trat ion effects in oilfields, soils,  water engineering, etc. A basic charac te r i s t i c  of a pore s t ructure  
is the pore - s i ze  distribution; to derive this distribution for a coarse  powder of hydrophilic mater ia ls  one 
can use the method of [1], which is based on capi l lary uptake of liquid and involves measurement  of the 
distribution of the water  content over  the height of a column by cutting up a specimen into parts  and drying 
them. 

We [2] have measured  the water  content as a function of height in the specimen by 7 - r a y  absorption, 
which avoided disturbing the porous s t ructure  and the result ing water distribution. 

This method can be extended to the porous s t ruc ture  of bodies with a rigid skeleton in the solid. 

The scope for the method is res t r ic ted  to large pore size; we have extended the method to use it 
with the l a rger  pores in porous bodies over a wide range of values down to a micropore  size {10 -7 m). 

The improvement  of the method of [2] consists  in balancing the negative capi l lary p ressure  f rom the 
absorbed dispersed body of liquid by an excess air  p ressure ;  balancing of the capi l lary p ressure  eliminates 
the need to measure  the distribution of the water content over the height, which great ly  simplifies the mea-  
surements .  It is sufficient to measure  the water content only in one section of the body. Also, one needs 
much less specimen, the height of which in a column constitutes a few cent imeters .  A fur ther  advantage is 
that the method provides fa i r ly  high accuracy  in the resul ts  with equipment s impler  than that used in other 
methods [3-6]. 

We tested the method on specimens of quartz  sand represent ing the g ra in - s ize  fract ions 0.16-0.315 
mm and 0.063-0.1 ram, as well as a porous ce ramic  and cellulose. 

Washed r iver  sand was taken as a model for a capi l la ry-porous  body that will flow; as a model for a 
brit t le gel with a rigid skeleton we took a ceramic  plate made in batch 21 at the Siavyensk Works, with an 
a i r  permeabil i ty  of 3.6 m 3 �9 c m / m  2 �9 mmH20,  h, and pore size of 50-70 #. Cellulose was used in the form 
of ashless  fil ter papers as a model for a body of colloidal type. 

Figure 1 shows the design of the labora tory  equipment. 

The specimen 1 is f i rs t  dried at 110~ and is placed in the cylinder 2, whose ends a re  sealed by the 
covers  3 and 4. If a loose mater ia l  is employed, this is poured into a length of 20-25 mm of the cylinder 
f ree ly  with subsequent consolidation by vibration to a given density. A body with a rigid skeleton or one that 
swells on moistening is used by making it to fit the cylinder and taking additional measures  to prevent leak- 
age round the sides. 
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Fig. 1. Scheme of experimental  installation. 

The cylinder and specimen a re  fixed f i rmly  in the mic romete r  device 5, which provides for ver t ical  
movement and for locating of the specimen in a definite position. The top cover 3 of cylinder 2 bears  three 
tubes with stopcocks which a re  joined via hoses to the unfilled part of the cylinder and the source  6 of com-  
pressed air ,  as well as the micromanometer  7 and the atmosphere.  The perforated base of the cylinder 
2 is joined via the pipe to the lower c losure  4 and by a rubber pipe to the measur ing vesse l  8 in which 
water  f rom the balancing bulb 9 maintains a given height. 

This chamber  was used with excess a i r  p ressures  not exceeding 5.105 N / m  2. Tests at higher excess 
p ressures  were done with a special  s trong chamber (Fig. 1B). 

The local water  content of the specimen was measured by T-absorpt ion  [7] without disrupting the 
porous s t ructure;  the content was measured  only in one layer  of thiclmess 1 mm placed 10 cm f rom the upper 
end. The horizontal  section of the specimen was placed in a plane in which lay the 7 - s o u r c e  10 and the 
collimation slit 11 (Fig. 1B). The ~/-source was of ~~ placed in the lead shield 12, which also acted as a 
prel iminary col l imator;  the final nar row beam was isolated by the horizontal  collimation slot 11 which was 
I mm wide, and which was formed between two lead plates. Direction beyond the slot was the 7 - r a y  detec-  
tor for  the radiation passed by the specimen; this detector was a scintillation counter consisting of the 
NaI(T1) single c rys ta l  13 and the photomultiplier 14 type FF, U-14b, whose pulses were recorded by standard 
equipment. 

The 7 - r a y  unit and specimen diameter  were chosen on the basis of all the fac tors  [7] needed to pro-  
vide optimum conditions for water content measurement  in this way. 

The method was operated as  follows. The cylinder 2 containing the dry  specimen was fixed rigidly 
in the mic rome te r  device and set so that the upper end of the specimen was 10 mm above the collimation 
slit 11. Then a measurement  was made of the 7 - r a y  passed by the layer of dry  specimen. Stopcock 15 
was closed and stopcock 16 was opened to communicate with the balancing bulb 9 in such a way that the 
water in the measur ing vesse l  8 coincided in height with the upper edge of the specimen. The horizontal  
water  level was monitored with the microca the tometer  17. With stopcock 18 open, the water f rom vessel  
8 passed via the  perforated base into the cylinder 2 and filled the entire pore space in the specimen; then 
the "y-ray intensity was measured with this maximum water content. These two measurements  served to 
cal ibrate the ~/-system. 

Then stopcocks 16 and 18 were closed, and with 15 open compressed  air  was supplied to the cylinder 
f rom the source 6 up to a set value. After the neces sa ry  equilibration time had been allowed, we mea-  
sured the intensity of the -~-rays corresponding to the set pressure .  The pressure  was maintained constant 
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Fig.  2. Mois tu re  content u, % v e r s u s  excess  p r e s s u r e  P, N / m  2 (1) and in teg ra l  curve  S(D) of pore  
d i s t r ibu t ion  by s ize  D, m in quar tz  sand of f r ac t ion  0.315-0.16 mm (2). 

Fig.  3. Di f fe ren t ia l  curves  dS /dD (m -1) of pore  d i s t r ibu t ion  by s ize  D, m in quar tz  sand: 1) f rac t ions  
0.315-0.16 mm; 2) 0.3-0.2 mm [9]. 

Fig.  4. Dif ferent ia l  curves  d S / d D  (m -i) of pore  d i s t r ibu t ion  by s ize  D, m in: 1) quar tz  sand of f r ac t ion  
0.1-0.063 ram; 2) ce l lu lose ;  3) porous ce ramic .  

via the a i r  r educ t ion  valve  20. During the t e s t s ,  the a i r  p r e s s u r e  was r a i s e d  in s teps  to a point where  
one obtained a constant  7 - r a y  in tens i ty  t r a n s m i t t e d  by the body. The l a s t  s tep was to m e a s u r e  the in tegra l  
wa te r  content co r re spond ing  to a max ima l  wett ing of the body; for  this  purpose ,  water  was passed  again  
into the cy l inder  f rom the m e a s u r i n g  ve s se l ,  and the in i t ia l  ~ / - ray  in tens i ty  was r eco rded ,  a f t e r  which the 
in t eg ra l  content was de t e rmined  by weighing and by dry ing  at  l l 0~  to constant  weight.  

The exces s  p r e s s u r e  r equ i r ed  was dependent  on the pore  s ize ;  to d i sp lace  the liquid f rom the l a r g e s t  
pores  one employed a p r e s s u r e  that was m e a s u r e d  by the m i c r o m a n o m e t e r  7, while the s m a l l e r  pores  
were  examined with wate r  and m e r c u r y  manome te r s .  F o r  the v e r y  s m a l l e s t  pores ,  the excess  p r e s s u r e  
was m e a s u r e d  with a m e m b r a n e  gauge. 

The d i f fe ren t i a l  d i s t r ibu t ion  by pore  s ize  was deduced by p roces s ing  the p r e s s u r e  r e s u l t s  and c o r r e -  
sponding wa te r  contents;  the in t eg ra l  d i s t r ibu t ion  curve  was a l so  deduced in the same way. 

F igu re  2 shows the r e c o r d e d  wa te r  content in a l aye r  of quar tz  sand of the 0.16-0.315 mm f rac t ion  
as  a function of excess  a i r  p r e s s u r e  (curve 1) and the in teg ra l  pore s ize  d i s t r ibu t ion  S(D) (curve 2). 

The i n t eg ra l  d i s t r i bu t ion  was ca lcula ted  as  follows.  The range  used in the excess  p r e s s u r e  was 
divided into n equal parts, and for  each change AP i in excess  p r e s s u r e  we deduced the co r respond ing  
change in wa te r  content Au i f rom the observed  curve;  by definition, the spec i f ic  wate r  content is  

Au i = Sihh/pl 100 = SiAPi 100, (1) 

Pd Pd g 

where  AP i is  the change in the excess  p r e s s u r e  of the a i r .  F o r  each pore s ize  ca lcula ted  f rom Lap lace ' s  
equation, we deduced the in t eg ra l  d i s t r i bu t ion  function as  the r a t i o  of the total  change in a r e a  of the pores  
f r ee  f rom liquid at  a given excess  p r e s s u r e  to the total  a r e a  of pores  f r ee  f rom liquid at  the end of the 
expe r imen t  

/: 

s, 
S (D) = -,=n 

n 

S~ 
/ = 1  

The values  of the S i in (2) were  ca lcu la ted  f rom (1) via 

S ~ -  PdgAUi 
100AP~ 

1 ~ < k 4 n .  (2) 
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The different ial  cha r ac t e r i s t i c  dS/dD for  the pores  in the above quar tz  sand is shown as  curve  1 
in Fig. 3, which was der ived by s tepwise different iat ion of the in tegra l  curve  [8]. 

F igure  3 shows for  compar i son  the different ia l  curve  for  quar tz  sand of the 0.2-0.3 m m  f rac t ion  as  
r ecorded  by others  [9]. It  is c lear  that the two curves  cover  approx imate ly  identical  in tegral  values  of pore  
s izes ,  and a lso  the re  is good a g r e e m e n t  between the mos t  probable  s izes  for  the pores .  

F igure  4 shows different ia l  curves  obtained in this way for:  1) the 0.063-0.1 m m  f rac t ion  of quar tz  
sand; 2) cel lulose;  and 3) porous ce ramic .  

Curve 2 of Fig. 4 shows that cel lulose had mos t  of i ts  pores  near  15 tt in s ize,  which ag ree s  well  
with the m a k e r ' s  values  for  this cel lulose (a graded white s t r ip ,  mean  pore s ize  3-10 p [11]). 

The posit ion of the peak in curve  3 of Fig. 4 shows that the c e r a m i c  had 65 p as i ts  mos t  probable  
pore  s ize,  which a g r e e s  quite well  with the m a k e r ' s  f igure.  

This appara tus  thus al lows one to examine the macroporous  s t ruc tu re  of such bodies with r igid sk e l e -  
tons and a lso  colloidal ones over  a wide range  of pore  s izes .  The l abora to ry  appara tus  al lows not only the 
above method to be used but provides a lso  two independent methods of examining pore  s t ruc tu re  on the 
bas i s  of cap i l l a ry  phenomena [2] and liquid flow [10]. To p rocess  the data by the method of the f i r s t  bubble 
[10], we addit ionally measu red  the flow of a i r  with the f lowmeter  19 (Fig. 1A). This enabled us to p rocess  
r e su l t s  obtained s imul taneous ly  f rom one run by two different  methods,  in which sense  the l abora to ry  
equipment is universa l .  

N O T A T I O N  

S(D) is the in tegra l  function of pore dis t r ibut ion by size D; 
AP i is  the change of excess  a i r  p r e s s u r e ;  
AU i is the change of local moi s tu re  content of body; 
Ah i is the change of the height of liquid in cap i l l a r i e s  of d i ame te r  Di; 
S i is the a r e a  of pores  f r ee  f r o m  liquid at  ce r t a in  sect ion of body; 
Pd is the weight of d ry  sample ;  
Pl is  the densi ty  of liquid; 
g is the acce le ra t ion  due to gravi ty .  
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