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BELSORP MINI X

BET SPECIFIC SURFACE AREA & PORE SIZE
ANALYZER

For simple, fast and highly accurate characterization of porous materials

World class repeatability. Microtrac’'s BELSORP MINI X's
outstanding features result in world class repeatability, with
significantly reduced measurement time. The MINI X is
equipped with up to 4 sample measurement ports and new

high-throughput functions including multi-device control.

The BELSORP MINI X is meticulously designed to measure

specific surface area, pore size distribution and pore volume
with extreme accuracy. Equipped with dedicated pressure
sensors on each sample measuring port and a dedicated port
for saturated vapor pressure, it enables completely independent

simultaneous measurements.

The new measurement software improves user productivity by
streamlining measurement procedures with in software step-
by-step instructions, displaying the measurement progress and
sending the measurement results via e-mail. Depending on your
sample throughput, 3-port and 4-port models are offered.

The new analysis software (BELMASTER™) enables structural
evaluation of a wider range of materials than ever before.

INDEPENDENT MEASUREMENT PORTS

Up to four specimens can be measured simultaneously,
enabling the measurement times for multiple samples to be

shortened significantly.



BELSORP MINI X

WORLD CLASS LEVELS OF REPRODUCIBILITY

Up to four independent measurement ports
and one dedicated port for saturated vapor

pressure measurements
Smallest & lightest in the world

Unbeatable reproducibility by patented

Dedicated pressure transducer for each port

Simultaneous control of up to 20
measurement ports via multi-device control
(5 units)

Short measurement time with GDO

AFSM™ | loT: process monitoring via e-mail
| Gas adsorption isotherm & NET adsorption notification system
measurement through AFSM™2 without the | Optional micropore analysis by molecular

need of He-gas probe method

| Multiple measurement methods: high- | Optional FDA 21 CFR Part 11 compliance
precision, multi-sample, and quick BET

modes

BELSORP MINI X

KEY FEATURES

BET specific surface areas from 0.01 m2/g ~ (N5) and pore size
distribution from 0.7 ~ 500 nm (option: 0.35 ~ 500 nm by

molecular probe method). €00
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SIMULTANEOUS MEASUREMENT OF MULTIPLE SAMPLES

Up to 4 specimens can be measured simultaneously, enabling =

the measurement times for multiple samples to be shortened
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with several high throughput modes (e.g. Quick BET mode, Gas -
Dosing Optimization). It can be used flexibly depending on

customer needs.

EASE OF USE

The BELSORP MINI X is a fully automatic measurement system.
Simple Mode enables accurate measurements with minimal
sample information; detailed configurations can be set in
Professional mode.
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BELSORP MINI X

MEASUREMENT METHODS

GAS DOSING OPTIMIZATION (GDO)

Simple Mode includes the Gas Dosing Optimization (GDO)
option, which automatically calculates the optimal gas dosing
amount from previous measurement results. With this function,
the measurement set points can be reliably obtained and the
measurement times can be reduced significantly.
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INNOVATIVE FREE SPACE MEASUREMENT FOR HIGHEST ACCURACY (AFSM™)

With AFSM™, the level control of liquid coolant (e.g. liquid nitrogen or argon) is not necessary

anymore. Instead, we have adopted our groundbreaking, continuous free space measurement

method, the patented Advanced Free Space Measurement (AFSM™),

This method has achieved highest reproducibility by using a
reference cell (empty sample cell;, same type of sample cell used
for measurement) to follow second-to-second changes of free
space. Since the change of free space is equal in the sample and
reference cells under the same environmental conditions, the
free space change can be continuously followed by the pressure

change of the reference cell.

Free space fluctuations caused by environmental factors can be

considered:

| LNz level changes
| Atmospheric temperature / pressure changes

| Temperature changes of coolant due to oxygen dissolution

With this technique, environmental factors can be taken into

account that were not considered before.
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BELSORP MINI X

HELIUM-FREE MEASUREMENT &
PRETREATMENT

ADSORPTION MEASUREMENT WITHOUT USING HELIUM GAS (AFSM™2)

First, free space measurement for a blank sample cell and a blank reference cell is performed with
the adsorptive gas at the appropriate adsorption temperature. Then adsorption measurement can
be achieved by utilizing both cells without helium gas. As free space changes for both cells are the
same, measurement results can be obtained in a shorter time, without keeping the coolant level
constant between blank and adsorption measurements.

COMPACT & LIGHTWEIGHT

Through complete optimization and rationalization of the
materials, we succeeded in reducing the device size and weight.

OPTIONAL PRETREATMENT AT THE MEASUREMENT PORT

(1] For accurate adsorption measurement, samples are usually

pretreated by vacuum under heat to remove adsorbed gas

00

and/or water molecules without affecting sample structure.

o0

Pretreatment can be performed externally using BELPREP VAC
Il or VAC Ill to increase throughput, or directly at the BELSORP
MINI X measurement port using a heater. Avoiding transfer is

important for sensitive, e.g. hydrophilic, samples.

DATA ANALYSIS

BELMASTER enables display of adsorption / desorption isotherms; BET specific surface areas; pore
volumes by t-plot or aS method; mesopore analysis by DH and BJH; micropore analysis by HK or
SF: and optional GCMC / NLDFT analysis.

MORE BELCONTROL FEATURES

| Overlay adsorption / desorption isotherms and | E-mail notifications of measurement status and
compare data between ports during results
measurement | Interactive program in Japanese or English

| Store pressures, temperatures and valve | Step-by-step instructions and extensive help
actuations in trend data functions

| System check function for diagnosing instrument
status
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BELSORP MINI X

BELCONTROL: NEW OPERATION SOFTWARE

The versatility of BELSORP equipment is complemented by BELCONTROL, the intuitive, user-
friendly operation software. It guides the user step-by-step through setup of analysis conditions,
measurements, filling the liquid nitrogen or other bath, replacement of gas cylinders and degassing

steps. It is designed to make the instrument accessible to inexperienced users.

For inexperienced users or measurements of unknown samples,

BELCONTROL only requires basic sample information (name,

mass, etc.), pretreatment conditions (if not performed

externally) and measurement range.

Professional Mode permits detailed control of dosing settings, o ~ - e
equilibrium criteria, leak-test options and other measurement £ % g H
configurations. Simple Mode reduces setup requirements; when | e T (O

a comparable prior isotherm is available, GDO can shorten

measurement time.

Feature BELCONTROL Beschrijving

Quick BET ja Multi-point BET surface area in less than 20 minutes
Helium-Free ja AFSM™2 enables He-free measurements with unmatched
Measurement accuracy

Adsorption Kinetics optioneel Rate of adsorption measurements for diffusion analysis

OPERATION SOFTWARE

The step-by-step instructions allow users of all levels of experience to operate the instrument safely
and effectively. Simple Mode needs sample labeling, pretreatment conditions (skippable if externally
done) and measurement points; Professional Mode provides detailed configuration of dosing,

equilibrium and leak-check options.

MEER INFORMATIE » microtrac.com/nl/producten/gas-adsorptie-meting/software/belcontrol/



GAS ADSORPTION MEASUREMENTS

EVALUATION SOFTWARE BELMASTER

A sorption isotherm is the relationship between the adsorbed amount and the equilibrium pressure
of an adsorptive gas at constant temperature. Gas sorption isotherms provide information about

specific surface area, pore size distribution and pore volume.
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Specific surface area (SSA) refers to a sample’s accessible surface area and is important in
adsorption and catalytic reactions. It can be calculated according to ISO 9277 with the BET method
or by the Langmuir method. Select a pressure range (multi-point BET) or point (single-point BET)
and the surface area is calculated automatically; BELMASTER also supports calculation according to

ISO 9277 Annex C for microporous materials.

The MINI X measures low-surface-area samples accurately

without krypton gas. Its Quick BET Mode obtains three-point

BET results from four samples in approx. 15 minutes.
BELMASTER derives pore size distributions from 0.7 to 500 nm

(optional: 0.35 nm) from measured isotherms.

Microtrac levert next-generation poriegrootteverdelingsanalyse
via geavanceerde QSDFT, NLDFT en GCMC-methoden.
BELMaster beschikt over een uitgebreide bibliotheek van 59

kernen voor gassen zoals N, Ar en CO,, voor zeolieten,

mesoporeuze silica, actieve kool en meer.
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HIGHEST ACCURACY AT LOWEST SURFACE AREAS

AFSM™

Patented Advanced Free Space Measurement (AFSM™) uses a reference cell to track changes in
free space volume and deliver high reproducibility. In a product test, certified reference material
CRM-170 (nonporous alpha alumina; certified nitrogen BET SSA: 1.05 + 0.05 m2/g) is used to check

accuracy in low total-surface-area measurements. Even as total surface area falls from approx. 2 m?2

to below 0.4 m?, measured BET SSA remains almost identical.

Adsorption Total area [m?] Mass [g] BET SSA [m2/g] C constant
BCR-170_1 N2 ~2 ~1.94 1.03 N4
BCR-170_2 N2 ~1 ~1.12 1.02 143
BCR-170_3 N2 ~0.7 ~0.75 1.03 101
BCR-170_4 N2 ~0.4 ~0.38 1.02 50

*Correlation coefficient 0.9995 or higher

BELSORP MINI X

QUICK BET MODE

Quick BET Mode maximizes throughput: three BET adsorption points of four samples can be
measured in approx. 15 minutes (sample density required). A previous free-space measurement file
can be reused, or free space can be measured together with the sample.

Sample Standard Quick Standard Quick | S /{1
multi-point multi- single-point  single- e | =
point point i, L "
L. el ol T
1 189.9 190.5 188.1 190.3 A .
= el - —
2 75.7 77.4 74.7 75.7 T | A0

BET SA in m2/g; N, adsorption. Multi-point p/po 0.05-0.30; single-
point p/po 0.20.

The multi-point and single-point Quick BET results are fully
comparable to Standard Mode, with greatly reduced

measurement time.



BELSORP MINI X

PRINCIPE

ANALYSIS OF PORE SIZE DISTRIBUTION VIA NLDFT & GCMC METHOD

Classical pore size distributions are calculated by INNES (slit shape) and BJH, DH, CI (cylinder shape)
for mesopores; HK, SF and CY methods evaluate micropores. NLDFT and GCMC (optional for

BELSORP MINI X) extend analysis across micro-, meso- and macropores and are specified in ISO
15901-2.

Interaction surface and gas Adsorbate Applicable pore size
range
BJH, CI, DH, Kelvin equation (surface tension and contact  Bulk liquid >2 nm; meso and
INNES angle) density macropore
HK, SF, CY Lennard-Jones potential (interaction and Bulk liquid 0.4-2 nm; micropore
repulsion force) density
NLDFT, GCMC Statistical thermmodynamic model 0.35-500 nm; whole pore
range

Microtrac provides evaluation methods for N, (77.4 K), Ar (87.3 K) and CO5 (298 K), using NLDFT /
GCMC kernels of slit, cylinder and cage pore models with carbon and metal oxide surface atoms.
BELMASTER makes it easy to compare experimental and simulated isotherms, the latter serving as
a basis for pore size distribution calculations.

Example of pore size distribution calculation by BJH method:
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BELSORP MINI X is equipped with 1000 torr pressure transducers; the isotherm starts at approximately p/po =1 x
1074 Option: 0.35 nm by molecular probe method. Onder voorbehoud van technische wijzigingen en eventuele
fouten.
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BELSORP MINI X

TYPISCHE TOEPASSINGEN

Microtrac's gas adsorption analyzers are used in a variety of fields. These include catalysts, batteries,

fibers, polymer materials, zeolite, fuel cells, chemicals, pigments, cosmetics, MOF / PCP, magnetic

powders, separation membranes, filters, toners, cement, ceramics, semi-conductors, and many

more.

ENERGIE EN POREUZE
STOFFEN

Batterijmaterialen

I
I
Katalysatoren |
I
Keramiek |

|
|
| Zeoliet
|
|

Koolstof

VIND UW TOEPASSING

INDUSTRIELE MATERIALEN

Elektronische componenten
Brandstofcellen

Toner

Cement

Geneesmiddel / medicijnen

SPECIALE MATERIALEN

Silicium

MOF / PCP
Pigmenten
Cosmetica

..en meer!

Om de beste oplossing te vinden voor uw deeltjes-karakterisatie behoeften, kunt u onze toepassingsdatabase

consulteren.

TOEPASSINGSDATABASE » microtrac.com/nl/toepassingen/toepassingsdatabase/



BELSORP MINI X

TOEBEHOREN EN OPTIES

STANDARD CONSUMABLE GOODS

B The standard consumables comprise sample cells, filler rods, filters, O-rings,
Ty caps and weighing platforms. Various sizes of sample cells, quick seals and
s other optional consumables are also available.

WATER BATH

Easily swap the Dewar with a water bath for measurement temperatures

ranging from -10°C to 80°C. A refrigerated / heated circulator is required.

HEATER

In-situ pretreatment of the sample from 50°C to 550°C, directly at the
measurement port without transferring the sample cell before analysis.

Particularly useful for sensitive samples.

GAS SELECTOR

The gas selector enables the connection of up to 4 adsorptives
simultaneously (1 x Helium + 4 x adsorptive).

AIRGUARD MEETINSTRUMENTEN

Het AirGuard meetinstrument maakt nauwkeurige BET en
poriegrootteverdelingsanalyse mogelijk op BELSORP-instrumenten, terwijl
g gevoelige monsters worden beschermd tegen blootstelling aan vocht en
ﬁ zuurstof. Met eenvoudige een-tik installatie zorgt AirGuard voor
hoogprecisie metingen zonder de analyse tijd te verlengen. Het kan ook op
bestaande BELSORP-systemen worden geinstalleerd.

X INIW dd40S1739 / 31Ldd40SAVSVD
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BELSORP MINI X

TECHNISCHE GEGEVENS

Meetprincipe

Adsorption gas

Gas ports

Number of measurements (High
Accuracy mode)

Measurement range (specific surface)
Pore size distribution (Diameter)

Low pressure isotherm

Pressure transducer

Vacuum gage/ pump

Sample tube

Dewar vessel

Pretreatment heater

Water bath

Analysis software BELMaster™ 7

Analysis software BELMaster™ 7 cont.

Afmetingen (B x H x D)
Weight (main body)

Utility — Gas

Utility — Power
CE gecertificeerd

Recommended Monitor

Volumetric method + AFSM™

Stikstof (N2), Argon (Ar), Methaan (CH4), Ethaan (C2Hs), Kooldioxide
(CO3), Waterstof (Hz), n-Butaan (n-C4Hio), iso-Butaan (iso-CsH10) en
andere niet-corrosieve gassen

2 ports (5 ports max.)

Max. 4 ports simultaneously (3 ports in High Accuracy mode)

0,01 m2/g en meer (N>), afhankelijk van de monsterdichtheid
0.7-500 nm, Option: 0.35 nm by molecular probe method possible
p/Po = 1074 (N2 @77K, Ar @87K)

133 kPa (1000 Torr) x 6 units

Rotary pump

Standard tube, approx. 1.8 cm? (optional: 5 cm?)

Volume: 2 |; holding time: 30 h

50-450°C (4 ports)

-10-80°C (4 poorten)

Adsorption isotherm, BET specific surface area type | (ISO 9277), BET
auto analysis, Langmuir specific surface area, BJH, DH, CI, INNES
method

t-plot, NLDFT / GCMC (OP BELSIm™), MP method, Dubinin-Astakhov
method, molecular probe, as-plot

280 x 650 x 465 mm (excluding vacuum pump & PC)
38 kg (excluding vacuum pump & PC)

He, N2 (99,999% of hogere zuiverheid), 0,1+ 0,02 MPa, gewricht: 1/8"
Swagelok; Uitlaat: Roterende pompuitlaatpoort, @ T mm

Single phase, AC 100~240 V (50 / 60 Hz) /10A (incl. R.P.), 50 / 60 Hz
ja

Full HD monitors



BELSORP MINI X

CONTACTEER ONS »

microtrac.com/nl/contact-services/general-request/?prefilltext=contact_form.request&product=602

OFFERTE-AANVRAAG »

microtrac.com/nl/contact-services/quote-request-form/?
prefilltext=contact_form.quote_request&product=602
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