PMI's BET Sorptometer aceurately measures total surface area (wia single
and multi-pomt methods), adsorption and desorption 1sothenms, mean pore
size, pore size disinbution, pore volhime, and pore strocthure. PMI's BET
Sorptometer can assess a wide vanety of samples, includmg powders and
bulk sohds, and can analyze both oneropores and mesopores. Chemmsorp-
tion of 2 wide vanety of chermcals 15 measurabls

PMI’s BET Soaptometer has a multitede of appheations m mdwsires

the automotive, battery, and pharmaceutical Specific apphications melode
the characterization of catalysts m the chemmcal mdustry, pulp charac-
terization m the paper mdustry, and testmg of the powder pre-cursors to
predict adhesion and fmal porosity m the powder metallurgy ndustry.

Applicable mdusines are:

» Antomoti ve = Fuoel Cells Princlple of the Gas Adsorption Technigue
» Chemieal = Filiration

» Coramie » Pharmaceuticals

* Paper » Powrder Metallorzy

» Battery Separator




When a clean surface 15 exposed to a gas, an adsorbed film forms on the surface. Adsorbed films also form on the
surface of pores within a matenal and vapor can condense m the pores. At a constant temperature, the amount of
adsorbed/condensed gas on a surface depends on the pressure of the gas. Measorement of the amount of adsorp-

fion/condensation as a fimchion of pressure can give mformation on the pore structure. The PMI Sorptometers use
gas adsorption/condensation to analyze pore charactenshics.

Physical Adsorption
Weak van der Waal's type mieraction of molecules with a pore surface leads fo physical adsorpion. The Bromau-
er, Emmett and Teller (BET) theory of physical adsorption 15 normally nsed for analy=is of adsorption data to
compute surface area.

where:

W = amount of adsorbed gas

Wm = amount of gas adsorbed in a monolayer

P ot B i P = gas pressure _
W[F‘.—F‘j- CW_ CW._ P Po = equihbrium (¢aturation) vapor pressure at the
C = dimenszionless constant that depends on the
temperature and the gas/sohd system

When vapor pressure, P, 15 low compared with Po (0.03 < F/Po < 0.3), the plot of [P/W (Po — )] versus [P/Po]
18 linear and the plot yields the magmindes of C and Wm_ The surface area 5 per umit mass, m, of the sample 13
computed nsmg the cross—sectional area of the adsorbed gas molecule:

where:
W M o No = Avogadro’s number
G = e— a = cross—sectional area of the adsorbed gas molecule
L Wm = amount of gas absorbed in moles.

Vapor Condensation

As the relative vapor pressure (P/Po) mereases, vapor eventually
condenses m the pores ufihzmg the surface free energy avalable
due to replacement of the solidvapor mterface by solid/lquid
mierface. The amoumt of vapor condensed m pores gives the pore
volume, and the Kelvin equation gives the pore diameter:
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where: at Liqmd N2 temperature
g = surface tension of condensed hqmd =~ D = pore diameter

V =molar volume of condensed hgqmd ~ R = gas constant

g = contact angle T = absolute test temperature

Adsorbed layers of molecules form on the pore walls before condensation fills the pores. Therefore, the actual
pore diameters are computed by addmg two times the fnckness of the adsorbed gas layer to D.

A complete adsorption 1sotherm 12 determimed by measurmg the amount of vapor adsorbed as a fimction of

mereasing pressure. A desorphion 1sotherm 15 deternuned by measurmg the amount of adsorption as a fimchon of

deceasmg pressure. Based on this techmque, charactenstics of matenals related to adsorphion, desorption, surface
area and pore volume can be determmed.




\ Equipment

Chemisorpiion Chemical reaction between a gas and a surface
accompamed by a ngh heat of adsorphion resulis m chemusorphion.
Chemigorption data can be analyzed nsmg vanous theones. Langmuir

equation yields:
where:
W KP W= amount of adsorbed gas
i B e Wm = amount of gas adsorbed
W, 1+KP m a monolayer
K = equhibriom constant
P = gas pressure

The PMI Sorptometer uses volumetnic method to com-
pute the amount of gas. The sample chamber is connected
through valves to the reference volume, gas supply, &
vacuum lme_ For a test, a weighed sample 15 placed in the
sample chamber. The sample chamber of known volume
15 heated and evacuated to remove moisture and adsorbed
gases. The desired adsorption temperature 15 then estab-
hished m the sample chamber nsng a constant temperature
bath, and the chamber 13 1solated. The reference volume 15
pressunzed with adsorbate gas, and 1solated. The pressure
of reference volome 13 measured. The gas 12 allowed to

13 measured. The amount of gas adsorbed by the
matenial 18 calculated by makmg nse of the gas law.
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PMI BET Sorptometers are capable of testing samples with moderate to lngh surface areas by nsmg mirogen
gas. For samples with very low surface area, a larger amount of sample or krypton gas can be used for greater
accuracy. The number and spacmg of data pomis m mmltipomt sirface area measurement are nser adjustable.
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Pore Volume and Pore Diameter

Pore volume, pore diameter and pore volume disinbution can be determined accurately
by the PMI Sorptometer. The disinbution fimction 1= such that area under the finchon mm any pore diameter range
15 the volume of pore m that range.
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Adsorption and Desorption Isotherms

Adzorphion and desorphion of gasses on sam-
ples can be accurately measured nsmg PMI
BET sorptometers. The user has mdependent
conirol over the quanfity and spacing of pres-
sures nsed m both adsorption and desorption
available fo mnterpret data nsmg the supphed

report generation software. Pore size calenla-

fion for adsorption and desorption mclude 'l
Pierce, BIK, and DH models. Microporous =
solhids can be analyzed using T-Plot and H-K )
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T — Plot Method — Micropore Volume Analysis

Chemisorption:

PMI BET Sorptometers can use specialty gas-
seg like NH3 and H20O for measunng chemi-
sorption. Other gasses can be used by creatmg
additional gas specification files. The nser can
linmited only by the capabilities of the mstm-
ment and the equilibrium vapor pressure of the
gas at the temperature selected
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Adsorption and Desorption Tsotherms —
Water Vapor at 0 °C




Specifications -

Surface Area range: (.01 m? and lngher
Pore diameter range: Micropore to 20004
Sample volume: Up to 10 cc (others available).
Preszure gauge: 10 torr to 300 ps1.
Resolufion: 1 part m 20,000
Accuracy: 0.15% of readmg
Adsorphion temperature: —195.6 deg C (hquid mifrogen) to 300 deg C. (lugher temperature avalable)
Adsorbate: Any noncorrosive gas incloding N2, H2, CO, CO2, H20, Er, Ar.
Degaszng system” Heater oven up to 500 deg C (Higher temperatures available).
Power requirements: 110/220 Vac, 50/60 Hz

| Unique Features

Adsorption of chemucally active substances hke NH3, CO & CO2

Adzorption of vapors of hqunds hke water, benzene and alcohol
Adsorption studies nsimg H2 N2 Ar & Kr

Adsorption under pressures up to 300 pa1

Adzorption under extra low pressures down to 10 -5 pa

Adsorption studies at temperatures up to 300°C & higher

Uze of flow method by QBET senes pernuts fast and reproducible surface area measurements
Volumeinic method employed measures equbbnum amount of adsorbed gas precisely without the
possibality of any contamimation

Dezsign features modifiable to sahsfy your special requurement

Any number of user specified data pomts between specified pressure linnts

Automated calibrafion routine for different sample chambers

Continuous status display

Continuous recording of equulibrium (saturation) pressure

Data reduction software allows data analysis by many available procedures

#  Surface area: Smgle point, Multipoimnt

#+  Pore Size: Pierce, NJH and DH models

4 Micropore: +-plot, Lanpnmmr, D-R and H-K model

Software enables curvefitiing and mierpolation of data, output to be wntten m text and Excel files, and
multigraph analysis that can analyze up to seven graphs

Wmdows based menu—drrven procedure makes test execuhion, data acqmsiiion, and data reduction
very simple

In—situ outgassing of samples at temperatures up to 800°C

No need for transfer from outgassing station to test stafion and mcrease possimhity of contammation
Multiple sample chambers with provision to use different gases in different sample chambers, and
simmltanecus testing of mulfiple samples

Umimue design permits measurement of very low and high surface areas m the same mstrument

PMI Analytical Services '
analytical services division of PMI is well known for providing timely, accurate and reliable contract testing
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BET Series
I?nitsinthisseriﬁ are basic simple mstruments dedicated to quack generation of nghly reproducible data on
surface area using mirogen or argon. Each umt has one sample chamber Ligmd mirogen 15 the only accessory
requured to perform the test. Vanous models m this senes are capable of measunng single point or nmltipomnt
surface area and pore volume. Theses umits are least expensive, physically small robust and require very httle
mamtenance. Model Number: QBET-G-X-Y-A
CBET Series
Instruments in this senes are volumeine compact umis, but the capabilifies are much better than thoze of the
QBET senes. These mstruments can measure surface area, adsorption and desorphion 1sotherms, pore volume and
pore volume disinbution nsing mirogen, argon and krypton. The resulis are reproducible and accurate. Models in
thns semes are mexpensive, and robust. These models reqmre very little mamtenance. Model Number: CBET-G-
D-Y-A
ABET Series
Models m this senes are the most advanced msfroments m which many novel and advanced designs are meorpo-
rated. These instnuments are capable of measunng very low adsorption, chemical adsorption and water vapor ad-
sorption. The resuls are ighly accurate and reproducible. Multiple sample chambers pernut testing of as many
as six samples at a ttme. A vanety of gases may be used. The advanced senes provides many options o the nser
Model Number: ABET-G-D-Y-A-1-C-W

Brief Descriptions of Selected Models |

Model: QBET-N-V-1-A

This folly antomated sorptometer 15 a single—chamber instrument that can determme smgle pomt surface area,
multipomnt surface area and pore volome usmg mirogen as the adsorption gas. The mstrument 15 small, robust and
mexpensive. [t requures very liftle mamienance. The sorptometer 15 ideal for apphcations such as quahity control
Model: CBET-N/Kr/Ar-D-2-A

using N2, Kr or Ar as the adsorption gas. The mstrument 15 folly antomated and has two sample chambers. Two
samples can be tested simultaneonsly. This ophon gives the opporfumity to compare samples with the standard
The model is also robust and mexpensive.

Model: ABET-G-D-6-A-L-C-W

Thas 15 a sophisticated umit with many capabilities. Tt uses gases like N2, Ar, Kr, H2 and CO2 for adsorption and
moma, alcohol and benzene 13 measnrable. The results are accurate and reproducible. The mstrument 15 fully
antomated and requires very hitle operator mvolvement. The six sample chambers of the mstrument permt smml-
taneous testing of six samples. The sorptometers are 1deal for determmation of a vanety of physical and chenmical
1 i

Symbols

A = fully aufomated L=very low adsorphion pressure

C = chenmeal adsorphion of many chemacal V = single pomnt and multipomt surface area and
Species pore volume

D = surface area, pore volume and pore distmbotion ‘W = water vapor adsorphion capabihity

G = adsorption gas that could be N2 Ar, Kxr H2 X =type of test
or others Y = number of sample chambers




Features

Principle

Highlights of PMI BET Sorptometer Models

QBET SERIES

Flow

CEET SERI

Volumetric

ES ABET SERIES

Moderately

Design: Simple Compiex Complex
Gases N./Ar N/ Ar/Kr
I - Container with
Liquid Nz Container Cu-block and Refill system
: Bath: with cover cover
Measurable | Single point and Single point & Single point &
Properties: multipoint surface | mulitipoint multipoint
area. Pore volume | surface area. surface area.
Pore volume. Pore volume.

Pore distribution.

Desorption.

Pore distribution.
Desorption. Very
low ad=sorption.
Chemisorption.
Water vapor

adsorption.

e Highly Highly Highly

Reliability: rapraducible reproducible reproducible
and accurate and very accurate
Duration
Short Moderate Lo

of Test: N "9

Size: Small

Maintenance: Very Little

Cost:




OtherdProducts

Average Fiber Diameter Analyzer In-Plane Porometer BET Liguisorb

Bubble Point Tesier Microflow Porometer BET Somptometer
Capillary Flow Porometer Mutti-Chamber and Multi-Mode Porometer Gas Pycnometer
Complete Filker Cartridge Analyzer O Porometer Mercury Pycnometer
Clamp-On Porometer Oiffusion Permeameier

Compression Porometer Gas Permeameter Also Available:
Cyelic Compression Porometer Ligquad Permearnaier Testing Services
Envelope Surface Area Analyzer Vapor Permeameter Consulting Sernvices
Filtration Media Analyzer Water Vapor Transrmission Anah/zer

Integrity Analyzer Mercury/Nonmercury Imtresion Porosimeter

Integrity Analyzer Water Intrusion Porosimeter (Aguapore)

- By Gt leese
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