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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 higpressure 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 Agenclgnergy (ARPB), initiated a program

to develop reference materials, reference data, and measurement iy
CQin ZSM5

protocols to improve adsorption metrology. Artistic Rendition
Application Areas
SEPARATION  powerPlantStackExhaust CONVERSION " Gasto-Liquid:

Accelerated discovery of cesfficient
materials forseparation of£Q and trace

Innovationin catalysts for the conversion of
| methane to liquid fuels or others added

gases from power plant exhausts requires an ' valuechemicalslemands datan
understanding of gasorptionmechanisms JQ interactions between reactant, products,
in complex gas mixtures and catalyssurface.

Fuels: P?BQ.;lM S AdditiveManufacturing

The rational design ahicroporous = Design optimization of porous 3D printed

materials folCH, or H, storage requires the
optimization of the sorption kinetics in
microporousadsorbentdor efficient

materials (hierarchicahesoporous
bioactive polycaprolactongcaffolds,
cathodes/anodesor lithiumion micre

adsorption andelease. batteries, lightweight cellular solids for
aviation) requires high resolution pore
analysis.
Research Activities ‘

The performance of an adsorbentis typically determined by measuringan
adsorptionisotherm,a plot of gasuptakeasa function of equilibriumpressureat 2} [ CH, I Zeolite Y (RM 8850)
a fixed temperature To addressthe challenge of reproducibility in these 1
measurementsthe FACTabhassponsorednternational,interlaboratorystudies

ng, (mmol/g)

to develop reference isotherms using NIST reference zeolitic materials R

P (MPa)

Participatinglabs measured adsorption isotherms using the NIST Reference
Materials Allthe resultingdatawere compiledand statisticalmethodswere used
to evaluatethe submitteddata Fromthesedata sets,a referenceisothermwas
determined,resulting for the first timet in a high-pressurereferenceisotherm
on a referencematerial Two suchstudieshavebeencompleted CQ on ZSM5
(NISTReferenceMaterial 8852 at 20 cCup to 4.5 MPaand CH, on ZeoliteY (NIST 0
ReferenceMaterial 8850 at 25 cCupto 7.5 MPa (Sesdfiguresto the right.) P (MPa)

2f CO,/ZSM-5 (RM 8852)

Ne (Mmol / g)




Facility Description

The FACTLab is equipped with five
state-of-the-art instruments, using
differing measuremenprinciplesand
offering complementarycapabilities
A summaryof these instrumentsis
givenin the table to the right. The
availabilityof compkementary tech
nologiesin asinglelaboratoryandthe
capabilityto measureadsorption of
gas mixtures makesthis laboratory
uniquely qualified to generate
reference adsorption data and to
explore the frontiers of adsorption
science

ManometricMeasurements

The four-channel manometric gas ad
sorption instrument coversa wide range
of pressures Channel2 featuresa small
sampleholder (0.5 cm?) with a reduced
dead volume, for isotherm measure
mentson smallvolumesamples

Binary Gas Adsorption Measurements. A magnetic
suspension balance monitors mass uptake
simultaneously with changes to the total pressure.

FACTab Instruments

20 MPa 78 K¢ 780K

Ch2 8 MPa 20 K¢ 670K Yes

Manometric Ch3 100 kPa LN, LAr, R 670K Yes

Ch4 10 MPa RTg 670K Yes

Gravimetri¢ 2 MPa 273 K¢ 773K Yes
Manometric& Gravimetric 9 MP& LN, LAr,273 Kg 423K

Manometricwith chromatograph 9 MP& 283K ¢ 670K/ 283K ¢ 323K Yes

Pore size analyzem@nometrig 100 kPa RT¢ 670K/ LN2LAr253K¢ 373K  Yes

* Equipped with mass spectrometer

"Higher pressure measurements are possfble
singlegasisotherms.

7 Airless sample transfezapability.

GravimetricMeasurements

The gravimetric gas sorption analyzer
has an ultrasensitive, temperature
controlled microbalance, providing
high-resolution and signalstability. The
instrumentcanmeasureadsorptioniso-
thermsin either staticor flow mode

PoreSizeAnalyzer

The low-pressure manometric gas
adsorption instrument measures sur-
face area and pore size distributions,
and includes a 10 Pa transducer for
high- resolutionmicroporeanalysis

Multicomponent GasMeasurements
The combinedgravimetriclnanometric
instrument can measure sorption
isotherms of binary gas mixtures A
second manometric  instrument,
equipped with a gas chromatograph,
can measureadsorption isotherms for
multicomponentgases

Yes
Yes
Yes
Yes
Yes
Yes

Yes

Continuously vented cabinets for hydrogen and methane

gas cylinders

Multicomponent Gas Measurements. Instrument for

binary gas mixtures (bottom right) and manometric
instrument with gas chromatography for multicomponent

gas measurements (upper left).

Cht Yes Yes -

Contact:

Giang Nguyen
301-975-2600
huong.nguyen@nist.gov

Roger van Zee
301-9752363
roger.vanzee@nist.gov

adsorption.nist.gov
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