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QUICK BET METHOD AND APPARATUS FOR 
DETERMINING SURFACE AREA AND PORE 

DISTRIBUTION OF A SAMPLE 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The invention pertains to the ?eld of porosimetry, 
or the measurement of the surface area and porosity of 
substances. More particularly, the invention pertains to a 
quick-BET method and apparatus for determining the sur 
face area and porosity characteristics of a sample. 

[0003] 2. Description of Related Art 

[0004] There are tWo prior art methods for measuring the 
adsorption of a gas in a sample to determine the surface area 
and pore distribution of that sample. The ?rst method is a 
BET (Brunauer, Emmett, Teller) static volumetric technique. 

In this method, gas (5) is ?rst introduced into chamber The gas (5) contained in chamber (1) is alloWed to How 

through an open valve (4) from a ?rst sealed chamber (1) 
containing gas at a knoWn pressure to a second sealed 
chamber Both chambers (1) and (2) have a knoWn 
volume. Chamber (2), Which is at a constant temperature and 
a certain knoWn pressure, contains a sample (3) With a 
plurality of pores 

[0005] Once a certain volume of the gas has been intro 
duced, the pressures in the chambers are alloWed to come to 
equilibrium. The pressure changes in the tWo chambers are 
measured. The pressure changes in the tWo chambers and 
their volumes provide the amount of gas adsorbed. 

[0006] Once the amount of gas adsorbed at each pressure 
is calculated, this measurement can be used to determine the 
pore distribution and surface area of the sample using 
calculation methods knoWn in the art. 

[0007] This method is very accurate because it permits 
complete static equilibrium rather than a steady state and 
there is no possible interference in the adsorption of the gas 
because the pure gas rather than a mixture of gases is used. 
HoWever, this method usually requires several steps in the 
experimental procedure. Therefore, a lot of instrumentation 
may be required and the test may be time consuming. 

[0008] An alternative method is the differential ?oW tech 
nique, Which is faster, but less accurate than the volumetric 
technique. In this method, a mixture (23) of tWo gases (21) 
and (22) With a knoWn composition is pumped into a 
chamber (20), Which contains the sample The sample (3) 
selectively adsorbs one of the gases. A mixture (24) of the 
?rst gas (21) and the second gas (22) With a second com 
position exits the chamber. 

[0009] How continues until there is no longer a change in 
the composition of the mixture (24) coming out of the 
system. The compositions of gases and How rates are 
continuously measured. These measurements are used to 
determine hoW much gas Was adsorbed. The calculated gas 
adsorbed is then used to determine surface area and pore 
distribution of the sample, by methods knoWn in the art. 

SUMMARY OF THE INVENTION 

[0010] The apparatus of the present invention includes a 
pressuriZable sample chamber of knoWn volume, Which 

Oct. 21, 2004 

holds a sample With unknoWn porosity characteristics. The 
sample chamber has a knoWn pressure (or vacuum). A How 
controller preferably controls the How of the pure gas to be 
adsorbed by the sample in the sample chamber. The sample 
chamber does not permit the gas to How out. A pressure 
monitor preferably monitors the pressure in the sample 
chamber. Once the pressure approaches a target pressure, the 
How controller is closed. The pressure monitor continues to 
monitor the pressure until it stops changing When equilib 
rium is attained. The amount of gas introduced into the 
system through the How controller and the volume and ?nal 
pressure of the sample chamber are used to calculate the 
amount of gas adsorbed. This calculation is subsequently 
used to determine the porosity characteristics of the sample. 
Some of these characteristics include, but are not limited to, 
pore distribution and surface area. 

[0011] A method of the present invention begins With the 
sample chamber at a knoWn pressure (or vacuum). Pure gas 
is introduced into the sample chamber until the pressure 
approaches a target pressure. Then, an amount of gas intro 
duced into the system is determined, and the pressure is 
monitored until it reaches an equilibrium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 shoWs an apparatus for using the volumetric 
technique as knoWn in the prior art. 

[0013] FIG. 2 shoWs an apparatus for using the How 
technique as known in the prior art. 

[0014] FIG. 3 shoWs an apparatus for using the quick 
BET method of the present invention. 

[0015] FIG. 4 shoWs a ?oWchart of the method of the 
present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0016] The apparatus of the present invention overcomes 
the shortcomings of the prior art to create a fast reading, 
Which is accurate, requires minimal instrumentation, is less 
expensive, and compact. 

[0017] In the prior art volumetric method, gas is intro 
duced to the sample chamber from gas storage chamber (1) 
in steps. After each step the gas in the sample chamber is 
adsorbed. Therefore, multiple steps are required to attain the 
required ?nal pressure in the sample chamber. After each 
step, it may also become necessary to introduce more gas to 
the storage chamber (1) and measure pressure before the 
folloWing test. The amount of gas introduced into the sample 
chamber is computed from pressures and volumes of gas in 
the tWo chambers measured after each step. 

[0018] In contrast, these difficulties are avoided in the 
present invention. The gas is adsorbed as it is introduced. 
Consequently, the ?nal pressure in the sample chamber is 
quickly attained. There are no multiple steps. The amount of 
gas introduced into the sample chamber is obtained by 
integration of the How rate over time. Therefore, the appa 
ratus and method of the present invention are faster and 
require less instrumentation. 

[0019] The prior art, differential ?oW method uses a mix 
ture of gases and requires frequent gas analysis. The present 
invention uses a pure gas and does not require any gas 
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analysis. Consequently, the results are more accurate. Also, 
the present invention is faster and requires less instrumen 
tation. 

[0020] FIG. 3 shoWs an embodiment of the apparatus of 
the present invention. Pure gas (30) is pumped (31) into a 
sealed chamber (32) containing a sample While the 
invention is described in the context of pure gases, the scope 
of the invention is intended to include pure gases and vapors, 
Which are gaseous phases of substances existing as solids 
and liquids. Some examples of the gas include, but are not 
limited to, nitrogen, krypton, hydrogen, carbon monoxide 
and carbon dioxide. The chamber (32) has a knoWn pressure 
(or vacuum). 
[0021] A flow meter, or preferably ?oW controller (33), 
controls the gas flow so that it flows at a knoWn rate, for 
example at a certain number of moles/minute. In a preferred 
embodiment, the flow rate is controlled With a commercial 
?oW controller. In a preferred embodiment, a Teledyne® 
?oW controller HFC-202 is used. 

[0022] A pressure monitor (34) monitors the pressure. In 
a preferred embodiment, the pressure monitor (34) is MKS 
Barotron Model-722A-225 64. Once the pressure approaches 
a target pressure, the How controller (33) is closed. The 
pressure monitor (34) continues to monitor the pressure until 
the target pressure is reached, and the pressure stops chang 
ing because it has reached an equilibrium. This is done using 
a feed back loop. Use of the loop reduces the testing time 
considerably. 
[0023] Integration of the How controller and pressure 
changes are used to calculate the amount of gas adsorbed. 
This calculation is subsequently used to determine the 
porosity characteristics of the sample. Some of these char 
acteristics include, but are not limited to, surface area, pore 
volume, pore distribution, and adsorption isotherms. 

[0024] FIG. 4 shoWs a ?oWchart of a preferred embodi 
ment of the method of the present invention. 

[0025] The method begins With the sealed chamber (32) at 
a knoWn pressure (or vacuum) in step (100). A target 
pressure is chosen in step (105). 

[0026] Pure gas (30) is pumped (31) into the chamber (32) 
at a knoWn rate in step (110). A How controller (33) is 
preferably used during this step to control and measure the 
flow rate of the gas. 

[0027] The pressure in the chamber (32) is monitored by 
the pressure monitor (34) in step (120). This step preferably 
takes place simultaneously With step (110). 

[0028] A feed back loop is preferably used to reduce the 
flow rate such that When the pressure approaches the target 
pressure chosen in step (105), the How controller (33) is 
closed, and the How of gas into the chamber (32) ceases in 
step (130). Since the How controller (33) controlled the 
amount of gas flow into the chamber (32), the total amount 
of gas introduced into the system is knoWn. 

[0029] The pressure continues to be monitored in step 
(140), until the pressure reaches an equilibrium. The pres 
sure of the gas in the system, Which has a knoWn volume, is 
measured after adsorption. 

[0030] The amount of gas adsorbed by the sample is 
calculated in step (150) using the pressure at equilibrium, 
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volume of the chamber, temperature of the chamber and the 
amount of gas introduced into the chamber through the How 
controller. 

[0031] Amount of gas introduced to the sample chamber 
containing the sample under vacuum, 

[0032] N1 moles=Obtained by integration of the How 
controller 

[0033] Amount of gas left in the sample chamber 
after equilibration, 

[0034] N2 moles=Obtained from pressure, volume 
and temperature of sample chamber. 

[0035] Therefore, 
[0036] Nl-N2 Was adsorbed by the sample. 

[0037] The calculation in step (150) is then used to deter 
mine porosity characteristics, Which include surface area 
and pore distribution, in the sample in step (160) by methods 
knoWn in the art. 

[0038] Accordingly, it is to be understood that the embodi 
ments of the invention herein described are merely illustra 
tive 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 them 
selves recite those features regarded as essential to the 
invention. 

1. A method of evaluating the porosity characteristics of 
a sample of material having a plurality of pores using an 
apparatus comprising a pressuriZable sample chamber of a 
knoWn volume for holding the sample, Wherein the sample 
chamber is at a knoWn pressure and the sample chamber 
does not permit the gas to flow out, comprising the steps of: 

a) introducing pure gas into the sample chamber and 
alloWing the pressure to quickly approach a ?nal target 
pressure; 

b) determining an amount of gas introduced into the 
system by integrating the flow rate over time; and 

c) monitoring the pressure until it reaches an equilibrium. 
2. The method of claim 1, Wherein step a) is performed by 

utiliZing a feedback system, Which reduces a flow rate over 
time such that When the pressure approaches the target 
pressure, a How of gas into the chamber ceases. 

3. The method of claim 1, further comprising, after step 
c), the step of: 

d) calculating an amount of gas adsorbed by the sample 
using a pressure change determined at equilibrium. 

4. The method of claim 3, further comprising, after step 
d), the step of: 

e) calculating at least one porosity characteristic of the 
sample using the calculation of gas adsorbed from step 
d). 

5. The method of claim 1, Wherein the gas is selected from 
the group consisting of nitrogen, krypton, hydrogen, carbon 
monoxide, and carbon dioxide. 

6. The method of claim 1, Wherein the porosity charac 
teristic being evaluated is selected from the group consisting 
of surface area, pore volume, pore distribution, and adsorp 
tion isotherms. 
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7. The method of claim 1, wherein a How controller 
introduces the gas into the sample chamber at a knoWn rate. 

8. An apparatus for evaluating the porosity characteristics 
of a sample of material having a plurality of pores compris 
mg: 

a) a pressuriZable sample chamber for holding the sample; 

b) a conduit connected to the chamber, Wherein the 
conduit delivers gas into the chamber; 

c) a How controller coupled to the conduit, Wherein the 
How controller controls and measures an amount of gas 
entering the chamber through the conduit; and 

d) a feedback system controlling the How controller, 
Which reduces a How rate such that When a pressure in 
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the sample chamber approaches a ?nal target pressure, 
a How of gas into the chamber ceases. 

9. The apparatus of claim 8, further comprising: 

d) a pressure monitor for monitoring the pressure in the 
chamber. 

10. The apparatus of claim 9, Wherein the pressure moni 
tor is coupled to the chamber. 

11. The apparatus of claim 8, Wherein the gas is selected 
from the group consisting of nitrogen, krypton, hydrogen, 
carbon monoxide, and carbon dioXide. 

12. The apparatus of claim 8, Wherein the porosity char 
acteristic being evaluated is selected from the group con 
sisting of surface area, pore volume, and pore distribution. 

* * * * * 


