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METHOD AND APPARATUS FOR 
REDUCTION OF GAS BUBBLE FORMATION 

DUE TO GAS DIFFUSION THROUGH 
LIQUIDS CONTAINED IN PORES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

One application of the invention pertains to the ?eld of 
porosimetry, or the measurement of the pore volume of 
substances. More particularly, the invention pertains to a 
method and apparatus for reducing bubble formation due to 
diffusion of gas through liquid. 

2. Description of the Related Art 
The prior art measures the pore volume of a sample in a 

liquid extrusion porosimeter using a Weight and balance 
method. Speci?cally, as shoWn in FIG. 1, a sample (1) is 
Wetted by a ?uid and then placed above a membrane A 

reservoir (8) of ?uid (3) is located beloW the membrane This ?uid is the same type of ?uid, Which is used to Wet the 

sample 
The sample (1) has larger pores (4) than the pores (5) of 

the membrane Pressure (6) is applied, until liquid is 
forced out of the pores (4) in the sample, and into the 
reservoir (8) of ?uid The displaced ?uid (7) ?oWs out of 
the ?uid reservoir (8) and is directed to a ?uid displacement 
reservoir The ?uid displacement reservoir (9) is on a 
balance (10), Which Weighs the amount of the displaced ?uid 
(7). A counterWeight (11) on the balance (10) is used to 

determine the Weight change due to the displaced ?uid This Weight change is used in combination With calculations 

knoWn in the art to determine the volume of the pores (4) in 
the sample 

The sealed system attempts to minimiZe air bubbles. 
HoWever, the prior art preferably uses Water or other high air 
diffusivity ?uids. This increases the air bubbles in a sample, 
and potentially yields inaccurate results. Air bubbles also 
increase When the membrane (2) has small pores. The 
presence of air bubbles under the membrane (2) skeWs the 
measurement in the balance (10). 

SUMMARY OF THE INVENTION 

The apparatus of the present invention measures the 
porosity characteristics of a porous sample of material. The 
sample is preferably Wetted, With the same type of ?uid 
Which is in the reservoir, prior to placing the sample on the 
Wetted membrane in the porosimeter, or the ?uid can be 
poured over the sample in the chamber. The Wetting liquid 
spontaneously ?oWs into the pores of the sample. 

The porosimeter of the present invention comprises a 
source of pressure connected to a pressuriZable chamber for 
holding the sample. The sample is supported by a membrane 
located betWeen the sample and a ?uid reservoir. The 
membrane has a plurality of pores With a siZe smaller than 
any of the sample pores, so that the bubble point pressure of 
the membrane is higher than the pressure needed to remove 
liquid from the pores of the sample. The reservoir and the 
membrane form a sealed chamber. The extruded ?uid Which 
passed from the pores of the sample through the pores of the 
membrane displaces the ?uid in the ?uid reservoir. 

The ?uid reservoir includes an inlet and an exit for ?uid, 
such that in operation, as ?uid enters the ?uid reservoir 
through the membrane or the inlet, ?uid already in the ?uid 
reservoir is displaced through the exit. An inlet in the ?uid 
displacement reservoir receives the ?uid displaced from the 
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2 
?uid reservoir. A recirculation line receives ?uid from the 
exit of the ?uid displacement reservoir and circulates the 
?uid into the inlet of the ?uid reservoir. The ?uid moves 
through channels for ef?cient removal of gas bubbles. In a 
preferred embodiment, a pump is also included to recirculate 
the ?uid. Fluid returned to the reservoir circulates over the 
bottom of the membrane, and sWeeps air bubbles out of the 
reservoir. The removed air bubbles dissipate and do not 
affect the Weight change measurements in the ?uid displace 
ment reservoir. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shoWs a device for measuring pore volume as 
knoWn in the prior art. 

FIG. 2 shoWs a device for measuring pore volume in an 
embodiment of the present invention. 

FIG. 3 shoWs a ?oWchart of one method of the present 
invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

An example of a porosimeter (15) of the present invention 
is shoWn in FIG. 2. A sample (1) of a material Whose 
porosity characteristics are to be determined, is located on a 
membrane 

The pores of the sample must be spontaneously ?lled With 
a Wetting liquid With Which the sample is to be tested 
preferably before the sample (1) is placed in the chamber 
(12) on the membrane The same Wetting liquid must be 
used to ?ll the pores of the membrane spontaneously. The 
testing begins When the sample and membrane pores (4) are 
?lled With the Wetting liquid. 
The porosimeter (15) is especially useful in many appli 

cations When the ?uid is Water, or any high air diffusivity 
liquid. It is also useful When the membrane (2) has a small 
pore siZe. Both of these situations create a large number of 
air bubbles attached to the bottom of the membrane and 
skeW Weight measurements in the prior art systems. 
The siZe of the pores (4) in the sample (1) may vary, 

depending on the nature of the sample. The membrane (2) 
needs to be chosen such that the smallest pore of interest in 
the sample is larger than the largest pore (5) in the membrane 
(2). The smallest pore of interest in the sample is such that 
all pores smaller than this pore have no signi?cant in?uence 
on the application at hand. Therefore, the membrane (2) 
preferably has a very small pore siZe to accommodate many 
different samples An example of a membrane Which 
could be used is Poretics polycarbonate membrane, catalog 
No. 13705, from Osmonics, Inc, of Minnetonka, Minn. 
The bubble point of a sample (1) is pressure at a point that 

can overcome the capillary action of the ?uid Within the 
largest pore The siZe of the pores in a material deter 
mines the bubble point, or the pressure at Which the liquid 
is extruded or forced out of the pores—the bubble point is 
inversely proportional to the siZe of the pores. 

Since the sample (1) has a larger pore siZe than the 
membrane (2), the bubble point of the pores (4) in the 
sample (1) is loWer than the bubble point of the pores (5) in 
the membrane Therefore, When suf?cient gas or air 
pressure (6) is applied to exceed the bubble point of the 
sample (1), the ?uid is forced out of the relatively larger 
pores (4) in the sample (1), and passes through the relatively 
smaller pores (5) in the membrane The amount of 
pressure (6) applied should be high enough to exceed the 
bubble point of the smallest of the sample pores (4) of 
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interest, but below the bubble point of the membrane (2), so 
that eventually all of the ?uid is forced out of the sample 
pores (4) of interest, but no ?uid is forced out of the 
membrane pores 

A ?uid reservoir (8) is located beloW the membrane The reservoir (8) and the membrane (2) preferably form a 

seal to create a sealed system. The ?uid (3) in the reservoir 
(8) is the same type of ?uid as the ?uid used to Wet the 
sample The extruded ?uid Which passed from the pores 
of the sample through the pores of the membrane displaces 
the ?uid in the ?uid reservoir Thus, the total amount of 
?uid displaced from the reservoir Will represent the amount 
of ?uid Which Was trapped in the pores of the sample. 

The displaced ?uid (7) eXits the reservoir (8) and is 
directed to a ?uid displacement reservoir (9), Which gathers 
the eXited ?uid. The ?uid displacement reservoir (9) is 
preferably a covered beaker, but could be any container 
Which effectively holds the ?uid and minimiZes evaporation. 
The ?uid displacement reservoir (9) is preferably located on 
a balance (10). 
Any air bubbles present on the bottom of the membrane 

(14) adversely affect the Weight change in the ?uid displace 
ment reservoir (9) measured by the balance (10). Therefore, 
the present invention includes a recirculation line (17) to 
return the ?uid (13) to the reservoir In a preferred 
embodiment, a pump (16) recirculates the ?uid (13) through 
the recirculation line (17). The pump (16) is preferably a 
peristaltic pump or any type of pump Which does not 
introduce air bubbles into the system. The returned ?uid (13) 
is preferably introduced at the opposite side of the reservoir 
to Where the ?uid eXits With channels to sWeep the air across 
the membrane. 

The returned ?uid sWeeps the bubbles from the bottom of 
the membrane (14). These displaced bubbles eXit the reser 
voir (8) and dissipate. This device is especially useful When 
the membrane (2) has small pores. Mechanical sWeeping of 
the circulating ?uid sWeeps bubbles out of the reservoir (8) 
and the air bubbles dissipate. In addition, by pumping the 
same ?uid back into the reservoir (8), the ?nal Weight 
change used for calculating pore volume is unaffected. Since 
air bubbles are not alloWed to form, the Weight change is 
continuously monitored. The pore volume is then calculated 
using the ?uid Weight measurement by techniques Well 
knoWn in the art. 
A ?oWchart of one method for measuring pore volume 

using the apparatus described above is shoWn in FIG. 3. 
First, the sample is Wet in step (100), for eXample by a ?uid 
such as Water. At this point, the ?uid has ?lled the pores (4) 
in the sample 

The sample is placed on the membrane (2) Whose pores 
are also ?lled With the Wetting liquid in step (110). The pores 
(5) in the membrane (2) have a smaller pore siZe than any of 
the pores (4) in the sample 

The pressure is increased in a controlled manner, prefer 
ably in small steps of a feW hundredths of a psi, in step (120). 
Once the pressure exceeds the bubble point pressure, the 
?uid in the pores (4) begins to be pushed out of the largest 
pores (4) in the sample The eXtruded ?uid enters the 
?uid reservoir (3), causing the ?uid level in the reservoir (8) 
to rise. Consequently, some of the ?uid (7) eXits the reservoir 
(8), and is directed into the ?uid displacement reservoir 

The pressure (6) is continually increased, preferably in 
small steps, and maintained until the ?uid in the ?uid 
displacement reservoir (9) reaches equilibrium. Equilibrium 
is reached When the ?uid level is no longer increasing. 

The ?uid entering the balance is recirculated back into the 
reservoir in step (130). Although this step is shoWn using a 
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pump (16) and a recirculation line (17) in the ?gures, any 
device Which returns the ?uid from the ?uid displacement 
reservoir (9) to the ?uid reservoir (8) Without introducing air 
bubbles is Within the spirit of the present invention. 

This step is preferably accomplished using a pump (16) 
and a recirculation line (17). This step preferably occurs 
simultaneously With step (120). The ?uid is preferably 
introduced back into the reservoir (8) at the opposite side of 
the reservoir (8) to Where the ?uid ?oWs out. 
The circulating ?uid returned to the reservoir (8) sWeeps 

the bubbles from the bottom of the membrane The 
sWeeping motion dislodges bubbles from under the mem 
brane The dislodged bubbles eXit the reservoir (8) and 
dissipate. This mechanical sWeeping of circulating ?uid 
sWeeps the bubbles out of the reservoir (8), thereby reducing 
the air bubbles in the liquid. 

Once the ?uid in the ?uid displacement reservoir (9) 
reaches equilibrium, the Weight change in the ?uid displace 
ment reservoir (9) is measured in step (140). The pore 
volume is then calculated using the Weight change measure 
ment by techniques Well knoWn in the art. 

Accordingly, it is to be understood that the embodiments 
of the invention herein described are merely illustrative of 
the application of the principles of the invention. Reference 
herein to details of the illustrated embodiments is not 
intended to limit the scope of the claims, Which themselves 
recite those features regarded as essential to the invention. 
What is claimed is: 
1. A method of evaluating the porosity characteristics of 

a sample of material having a plurality of pores using a 
porosimeter comprising a pressuriZable sample chamber for 
holding the sample, a membrane located at a bottom of the 
sample chamber and having a plurality of pores, Wherein the 
membrane pores have a siZe smaller than any of the sample 
pores of interest, a ?uid reservoir located beloW the 
membrane, and a ?uid displacement reservoir, comprising 
the steps of: 

a) placing the sample in the sample chamber, on the 
membrane; 

b) Wetting the sample With a ?uid until the ?uid has 
entered substantially all of the pores in the sample and 
the membrane; 

c) applying a pressure in the sample chamber Which is 
greater than a bubble point pressure of the sample, but 
less than a bubble point pressure of the membrane, such 
that as ?uid enters the ?uid reservoir through the 
membrane, it displaces ?uid already in the ?uid reser 
voir into the ?uid displacement reservoir; 

d) pumping the displaced ?uid back into the ?uid reser 
voir along a bottom of the membrane such that air 
bubbles stuck to the membrane are sWept aWay from 
the membrane; and 

e) measuring a Weight change in the ?uid displacement 
reservoir after a Weight in the ?uid displacement res 
ervoir reaches an equilibrium. 

2. The method of claim 1, Wherein the ?uid is a ?uid With 
high air diffusivity. 

3. The method of claim 2, Wherein the ?uid is Water. 
4. The method of claim 1, further comprising the step of 

calculating a pore volume of the sample using the ?uid 
Weight change measured in step (e). 

5. The method of claim 1, Wherein the pump is a peri 
staltic pump. 

6. The method of claim 1 in Which the step of Wetting the 
sample further comprises applying pressure at greater than 
the bubble point of the sample to force ?uid into the pores 
of the sample. 
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7. An improved method of evaluating the porosity char 
acteristics of a sample of material having a plurality of 
pores, using a porosimeter comprising a pressuriZable 
sample chamber for holding the sample, a membrane located 
at a bottom of the sample chamber and having a plurality of 
pores, Wherein the membrane pores have a siZe smaller than 
any of the sample pores of interest, a ?uid reservoir located 
beloW the membrane, and a ?uid displacement reservoir, 
Wherein a Wetted sample is subjected to a pressure in the 
sample chamber Which is greater than a bubble point pres 
sure of the sample, but less than a bubble point pressure of 
the membrane, such that as ?uid enters the ?uid reservoir 
through the membrane, it displaces ?uid already in the ?uid 
reservoir into the ?uid displacement reservoir, Wherein the 
improvement comprises: 

recirculating the displaced ?uid through the ?uid reservoir 
along the membrane such that air bubbles stuck to the 
membrane are sWept aWay from the membrane. 

8. The method of claim 7, Wherein the ?uid is a ?uid With 
high air diffusivity. 

9. The method of claim 8, Wherein the ?uid is Water. 
10. The method of claim 7, further comprising the step of 

calculating a pore volume of the sample using the ?uid 
Weight change in the ?uid displacement reservoir. 

11. The method of claim 7, Wherein the pump is a 
peristaltic pump. 

12. A porosimeter for evaluating the porosity character 
istics of a sample of material having a plurality of pores 
comprising: 

a) a pressuriZable sample chamber for holding the sample, 
comprising a membrane located at a bottom of the 
sample chamber and having a plurality of pores, 
Wherein the membrane pores have a siZe smaller than 
any of the sample pores; 

b) a ?uid reservoir located beloW the membrane, com 
prising an inlet and an eXit for ?uid, such that as ?uid 
enters the ?uid reservoir through the membrane or the 
inlet, it displaces ?uid already in the ?uid reservoir 
through the exit; 

c) a ?uid displacement reservoir comprising an inlet and 
an eXit, Wherein the inlet receives the ?uid displaced 
from the ?uid reservoir; and 

d) a recirculation line that receives ?uid from the eXit of 
the ?uid displacement reservoir and circulates the ?uid 
through the inlet of the ?uid reservoir and along the 
membrane such that air bubbles stuck to the membrane 
are sWept aWay from the membrane. 

13. The porosimeter of claim 12, further comprising a 
balance for measuring Weight change of the ?uid displace 
ment reservoir continuously as the ?uid moves continuously 
through the displacement reservoir. 
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14. The porosimeter of claim 12, further comprising a 

?uid having high air diffusivity. 
15. The porosimeter of claim 14, Wherein the ?uid is 

Water. 

16. The porosimeter of claim 12, Wherein the porosity 
characteristic being evaluated is the pore volume of the 
sample. 

17. The porosimeter of claim 12, further comprising a 
pump connected to the recirculation line, Wherein the pump 
aids in circulation of the ?uid. 

18. The porosimeter of claim 17, Wherein the pump is a 
peristaltic pump. 

19. An improved porosimeter for evaluating the porosity 
characteristics of a sample of material having a plurality of 
pores of the type comprising a pressuriZable sample cham 
ber for holding the sample, a membrane located at a bottom 
of the sample chamber and having a plurality of pores, 
Wherein the membrane pores have a siZe smaller than any of 
the sample pores of interest, Wherein the improvement 
comprises: 

a) a ?uid reservoir located beloW the membrane, com 
prising an inlet and an eXit for ?uid, such that as ?uid 
enters the ?uid reservoir through the membrane or the 
inlet, it displaces ?uid already in the ?uid reservoir; 

b) a ?uid displacement reservoir comprising an inlet and 
an eXit, Wherein the inlet receives the ?uid displaced 
from the ?uid reservoir; and 

c) a recirculation line that receives ?uid from the eXit of 
the ?uid displacement reservoir and circulates the ?uid 
through the inlet of the ?uid reservoir and along the 
membrane such that air bubbles stuck to the membrane 
are sWept aWay from the membrane. 

20. The porosimeter of claim 19, further comprising a 
balance for measuring Weight change of the ?uid displace 
ment reservoir after a Weight in the ?uid displacement 
reservoir reaches an equilibrium. 

21. The porosimeter of claim 19, further comprising a 
?uid having high air diffusivity. 

22. The porosimeter of claim 21, Wherein the ?uid is 
Water. 

23. The porosimeter of claim 19, Wherein the porosity 
characteristic being evaluated is the pore volume of the 
sample. 

24. The porosimeter of claim 19, further comprising a 
pump connected to the recirculation line, Wherein the pump 
aids in circulation of the ?uid. 

25. The porosimeter of claim 24, Wherein the pump is a 
peristaltic pump. 


