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Adsorbent materials have many applications, including hydrogen
and methane storage, gas separation, catalysis, methane
conversion, and natural gas purification.

Reproducibility of high-pressure sorption isotherm measurements
has proved to be a challenge, slowing the development of new
materials and associated applications. In part, these experimental
difficulties are linked to the lack of standardized measurement
protocols, reference materials, and reference data.

To address these needs, NIST in partnership with the Advanced
Research Projects Agency—Energy (ARPA-E), initiated a program
to develop reference materials, reference data, and measurement
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protocols to improve adsorption metrology. Artisttt encition
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Research Activities

The performance of an adsorbent is typically determined by measuring an
adsorption isotherm, a plot of gas uptake as a function of equilibrium pressure at
a fixed temperature. To address the challenge of reproducibility in these
measurements, the FACT Lab has sponsored international, interlaboratory studies
to develop reference isotherms using NIST reference zeolitic materials.
Participating labs measured adsorption isotherms using the NIST Reference
Materials. All the resulting data were compiled and statistical methods were used
to evaluate the submitted data. From these data sets, a reference isotherm was
determined, resulting—for the first time—in a high-pressure reference isotherm
on a reference material. Two such studies have been completed: CO, on ZSM-5
(NIST Reference Material 8852) at 20 °C up to 4.5 MPa and CH, on Zeolite Y (NIST
Reference Material 8850) at 25 °C up to 7.5 MPa. (See figures to the right.)
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Facility Description
The FACT Lab is equipped with five
state-of-the-art instruments, using
differing measurement principles and
offering complementary capabilities.
A summary of these instruments is
given in the table to the right. The
availability of complementary tech-
nologies in a single laboratory and the
capability to measure adsorption of
gas mixtures makes this laboratory
uniquely  qualified to generate
reference adsorption data and to
explore the frontiers of adsorption
science.

Manometric Measurements

The four-channel manometric gas ad-
sorption instrument covers a wide range
of pressures. Channel 2 features a small
sample holder (0.5 cm?3) with a reduced
dead volume, for isotherm measure-
ments on small-volume samples.
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Binary Gas Adsorption Measurements. A magnetic
suspension balance monitors mass uptake
simultaneously with changes to the total pressure.

FACT Lab Instruments
" et | P | rempertwsrange | ASt | st Fow|
Ch1l” 20 MPa 78 K—780K Yes  Yes -
Ch2 8 MPa 20K—-670K Yes  Yes -
Manometric .
ch3 100 kPa LN,, LAr, RT — 670K Yes  Yes -
Ch4" 10 MPa RT—-670K Yes  Yes -
Gravimetric” 2 MPa 273 K-773K Yes Yes Yes

Manometric & Gravimetric 9 MPa’ LN,, LAr, 273 K- 423K - Yes -
Manometric with chromatography 9 MPa’ 283K-670K/283K—-323K Yes  Yes -
Pore size analyzer (manometric) 100 kPa RT—-670K/LN2, LAr,253K—373K Yes Yes -

* Equipped with mass spectrometer.

" Higher pressure measurements are possible for
single gas isotherms.

* Airless sample transfer capability.

Gravimetric Measurements

The gravimetric gas sorption analyzer
has an ultrasensitive, temperature-
controlled  microbalance, providing
high-resolution and signal stability. The
instrument can measure adsorption iso-
therms in either static or flow mode.

Pore Size Analyzer Continuously vented cabinets for hydrogen and methane
The low-pressure manometric gas gasytigers

adsorption instrument measures sur-
face area and pore size distributions,
and includes a 10 Pa transducer for
high- resolution micropore analysis.

Multicomponent Gas Measurements

The combined gravimetric/manometric
instrument can measure sorption
isotherms of binary gas mixtures. A
second manometric instrument,

equipped with a gas chromatograph,
Multicomponent Gas Measurements. Instrument for

can measure adsorption isotherms for binary gas mixtures (bottom right) and manometric

multicomponent gases. instrument with gas chromatography for multicomponent
gas measurements (upper left).
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