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GAS ADSORPTION / BELSORP MINI X

BELSORP MINI X

BET SPECIFIC SURFACE AREA & PORE SIZE
ANALYZER

For simple, fast and highly accurate characterization of porous materials

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, a 3-port and 4-port models are offered.

Additionally, 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 measurements, multi-sample
measurement, and quick BET measurement

modes to suit your purpose

BELSORP MINI X

KJTIOMEBAA OCOBEHHOCTD

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

molecular probe method). gy USSR A SO N
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with several high throughput modes (e.g. Quick BET mode, Gas ik
Dosing Optimization). It can be used flexibly depending on

customer needs.

EASE OF USE: SIMPLE SETTING OF MEASUREMENT
SOFTWARE

The BELSORP MINI X is a fully automatic measurement system.
Simple Mode allows for accurate measurements with minimal
sample information. Detailed configurations can be set in

Professional mode.
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GAS ADSORPTION / BELSORP MINI X

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 OF SAMPLES AT MEASUREMENT
PORT

For accurate adsorption measurement, samples are usually

00

pretreated by vacuum under heat to remove adsorbed gas

o0

and/or water molecules without affecting sample structure.

Pretreatment can be performed externally using BELPREP VAC
[l 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

| Overlaying adsorption / desorption isotherms and | E-mail notification of measurement status and
comparing 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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GAS ADSORPTION / BELSORP MINI X

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, = - ~ =
equilibrium criteria, leak-test options and other measurement z g g | g
configurations. Simple Mode reduces setup requirements; when S| e fme g e
a comparable prior isotherm is available, GDO can shorten =

measurement time.

BELCONTROL

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

Adsorption Kinetics onumoHanbHO Rate of adsorption measurements for diffusion analysis

OPERATION SOFTWARE

MporpaMMHoe o6ecrnedyeHmne MMeeT HauBbICLLMK MPUOPUTET A9 YNPOoLLEeHNI PaboTbl M OCHALLEHO
MHOXXeCTBOM GYHKLMIM O719 NOBbILLEHWA NMPOW3BOAUTENbHOCTM TpyAa. Halle nporpaMMHoe
obecredeHe MOMOXeT BaM Lar 3a LWaroM BbIMO/HUTb HECKOTbKO MNpoLieayp, Harnpumep,
BbIMOJTHUTb M3MEPEHUS, 3aMEHUTb ra30BbIv GanoH, MPOAYTh KOIEKTOP U T.A. 2Ta yao6Has
GYHKUMA genaeT Nnpmnbop OOCTYNHbIM Aa)ke 4719 HeOMbITHbIX Mofib3oBaTenen. MNpennaratoTca asa

pexkmma: NMpocTtom pexxmm u MNpodeccroHanbHbIN PEXKM.

Y3HATb BOJIbLLUE » microtrac.com/ru/products/gas-adsorption-measurement/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 obecrneurBaeT aHanu3 pacrpeneneHnsa no pasmMepy

nop cnenyouLLero NoKoIeHMs C MOMOLLbIO NepefoBbiX METOAOB
QSDFT, NLDFT n GCMC B gmnanasoHe pasmepos nop ot 0,35 oo
500 HM. BELMaster nmeet 61b6nmnoTeky 13 59 anep ona No, Ar u

CO..
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GAS ADSORPTION / BELSORP MINI X

BbICOYANLLAA TOYHOCTb MPU HAMMEHbLLUUX NOWAOAX MOBEPXHOCTU

AFSM™

CrepytoLive naMepeHuns NpoBOAATCH C MCMOJTb30BaHMEM HalLero 3arnaTeHToBaHHOro
HenpepbIBHOroO MeToAa U3MepeHMa cBoO6ogHOro NpocTpaHcTBa Advanced Free Space Measurement
(AFSM™). 3TOT MeTo4 AOCTUM HamMBbICLIEN BOCMPOM3BOAMMOCTM 33 CYET UCMOb30BaHUA 3TallOHHOM
AYerKM ANga OTCNEXMBAHMA M3MEHEHWIN CBOBOAHOIO NPOCTPaHCTBaA. 9 NPoBEepPKM TOYHOCTU
Mcnonbsyerca cepTUDULMPOBAHHbBIN 3TaNOHHbIM MaTepman CRM-170 (HenopwcTbin anbda-okcua,
ANOMUHUS; CEPTUPULIMPOBaAHHOE 3HaYeHMe YaeNbHOM MOBEePXHOCTM a3oTa BET SSA: 1,05 + 0,05 m2/r).
[laxke npu CHMXKEHUK O6LLLEN NNOLLAAM MOBEPXHOCTU MPUMEPHO C 2 M2 00 MeHee 0,4 M? 3HaYeHUd
BET SSA ocTatoTca NpakKTUYeCKn MOeHTUYHbIMM.

NPEUMYLLECTBA 3ANMATEHTOBAHHOW TEXHO/IOMMU AFSM
| He Hy>HO nopgaepuBaTh ypoBeHb LN,

|  YnydwaeTt BOCNpoOM3BOAMMOCTb Kak Mo MAOLLAAM MOBEPXHOCTH, TakK M Mo 06beMy rnop

| ObecneymBaeT nN3o0Tepmy aD,COp6LI,VIVI MaTepuana ¢ HU3KOM NoLWaabio MOBEPXHOCTU 6e3 1Cnonb3oBaHUSA

rasoo6pasHoro KpUnToHa (06Lada nnowanb NnoBepxHocT Ao 0,1 M?)

O6pasel, no6aBku O6Lwas nnowaab [M?] KonwnyecTtso [r] SSA-BET [M2/r] C-nocTtosiHHas
BCR-170_1 N2 ~2 ~1.94 1.03 N4
BCR-170_2 N2 ~1 ~1.12 1.02 143
BCR-170_3 N> ~0.7 ~0.75 1.03 101
BCR-170_4 N2 ~0.4 ~0.38 1.02 50

*KoaddmumeHT koppenaumnm 0,9995 nnu Boille

BELSORP MINI X

PEXXM BbICTPOIO BET

The Quick BET Mode can be used to maximize sample 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 measured together with the sample.

1
O6pasen, CraHOApPTHbIN BbiCTpbIi CTaHOapTHbIN B e 77
1w gl
MHOrOTOYEYHbI MHOroToYeUHbIM OAHOTOYEeUHbIN OJEIEE s -
i- £
1 189.9 190.5 188.1 19¢° WMM il
2 75.7 77.4 74.7 7 T poe=
o r

BET-SA B M%/r; N2; MHOrOTOueUHbIN p/po 0,05-0,30, T ST T

ogHOTOYeUHbIN P/po 0,20.

Pe3ynbraThl 3MepeHu B pexxmme 6bicTporo BET noHOCTbO
COMOCTaBUMBbI CO CTaHAAPTHbBIM PEXUMOM; BPeEMS M3MepeHUd

3HAYUNTE/IbHO COKpPaLlaeTCH.



BELSORP MINI X

NMPUHLUUIN PABOTDI

ANALYSIS OF PORE SIZE DISTRIBUTION VIA NLDFT & GCMC METHOD

The classical pore size distributions (PSD) are calculated by INNES method (slit shape) and BJH, DH,

Cl methods (cylinder shape), which evaluate mesopores based on capillary condensation theory.
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, INNES Kelvin equation (surface tension and Bulk liquid >2 nm; meso and
method contact angle) density macropore
HK, SF, CY method Lennard-Jones potential (interaction and Bulk liquid 0.4-2 nm; micropore
repulsion force) density
NLDFT, GCMC Statistical thermodynamic 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.

In the following part an example for pore size distribution calculation by BJH method is given:
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BELSORP MINI X ocHallleH gatdymkamMm gasrneHmnd 1000 Topp; M30Tepma HadmHaeTca ¢ ~p/po = 1x 1074, Onuma: 0,35
HM METOL0M MOJTEKYTAPHOIO 30HAa.
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BELSORP MINI X

TUNMM4HbIE NPUMEPbI NTPUMEHEHUA

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.

OHEPIFETUKA U NMOPUCTDbIE
MATEPWUAIlbI

MaTepuasnbl akKyMyIGTOPOB
KaTanmsaTopbl

ueonut

Kepamuka

Yrnepop

BA3A OAHHbIX MTPUMEHEHUA

MPOMDbILWJTEHHDIE
MATEPUAIDI

SNEKTPOHHbIE KOMMOHEHTbI
TOMAMBHbIE 3NTEMEHTDI
ToHep

LLeMeHT

MeOuumMHa / papMaLeBT1Ka

CNEUUNATIbHDBIE MATEPUAIDbI

KBapL,

MOF / PCP
MMNrMeHTbI
KOCMETUMKa

... M ele MHoro yero!

YT06bI HANTU nydyulee pelweHne angd Bawero rnppMeHeHmnd B orpeneieHnn paamMmepa 4actuu, noceTmTe Hally 6a3y

OaHHbIX MPUMEHEHU.

BA3A OAHHbBIX MO MPUMEHEHMUIO » microtrac.com/ru/applications/application-database/



BELSORP MINI X

AKCECCYAPDbI 1 ONnNuunUn

STANDARD CONSUMABLE GOODS

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

M3MEPUTEJIbHAA CUCTEMA AIRGUARD

CucteMa namMepeHui AirGuard obecrnedmBaeT TOYHbIN aHaNu3 yaenbHom
rnosepxHocTV No metony BET 1 pacnpeneneHna no pasmepam nop Ha
g npurbopax BELSORP, 3alimLLas 4yBCTBUTENMbHble 06pa3Lbl OT BO3OENCTBUA
ﬁ Bnaru n kmcnopopda. bnarogapa npocTom ycTaHoBKe B 0gMH KNk AirGuard
obecneyrBaeT BbICOKOTOYHbIE M3MepeHUs 6e3 yBeTMYeHUsa BpeMeH !
aHanm3a 1 MOXKeT 6biTb YCTaHOBIeHa Ha CyLLEeCTBYOLLME CUCTEMDI
BELSORP.

X ININW 440S739 / NOILdYdOSAV SVD
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GAS ADSORPTION / BELSORP MINI X

BELSORP MINI X

XAPAKTEPUCTUKU

MpUHLMN n3MepeHna

Apncopbumsa rasa

MopTbl rasa

KonwnyecTtBo namepeHun (Pexxmnm

BbICOKOM TOYHOCTM)

[dwvana3oH namMepeHn (yoenoHasa

MOBEPXHOCTb)

PacnpeneneHve nop rno pasmepam
(OwvameTp)

M30TepMa HM3KOTo AaBrieHus
[aTuvk gaBneHma
BakyyMmeTp / Hacoc
Mpo6upka ana obpasua
Cocypn Obtoapa

NMopgorpeBaTenb NpeaBapUTENbHOM

06paboTKM
BooaHaga 6aHa

MNporpamMMHoe obecredyeHme ansa
aHanwn3a BEL Master® 7

AHanUTU4YecKoe nporpamMmmMHoe

obecnedveHye BELMaster ™ 7 cont.
Pa3mepnbl (LU x B xT)
Bec (ocHoBHOM KOpMycC)

Mcrnonb3yeMmbi ras

Mcnonb3yeMad MOLWHOCTb

CE certified

PekomeHoyetca MOHUTOP

O6BbeMHbIN MeTo + AFSM ™

A30T (N2), AproH (Ar), MetaH (CH.), 31aH (C2He), arokeuma yrnepona
(COy), Bogopogn (Hz), H-6yTaH (N-C4H10), 306yTaH (i-C4H10) v Apyrme
HEKOPPO3NOHHbIE rasbi

2 nopTta (Makc. 5 mopTtos)

MakKc. 4 nopTa ogHOBPEMEHHO (3 MopTa B PeXKMMe BbICOKOM TOYHOCTM)

0,01 M2/r v Bbiwe (N3), B 3aBUCUMOCTU OT MIIOTHOCTW 06pas3La

0,7 - 500 HM, onumsa: BO3MOXKHO 0,35 HM MeTO4,0M MOJTEKYTAPHOIO

30HOa
p/po =107 (N, @77K, Ar @87K)

133 klMa (1000 Topp) x 6 egmHML,

PoTopHbIM Hacoc

CTaHOapTHaa TpybKa, MpmnbnmsntenbHo 1,8 cM? (onumoHanbHo: 5 cM3)
O6beM: 2 ; Bpema Bblaep»ku: 30 4

50 - 450°C (4 nopra)

-10 - 80°C (4 nopTa)

MN3oTepMbl agcopbumnm, BET yaenbHoM noBepxHOCTH obnactm tun | (B
cooTBeTcTBUU C I1SO 9277), BET aBTOMaTMYECKUIM aHanms, yaenbHasa

MoBEPXHOCTb JleHrmiopa, BIH, DH, CI, INNES meTo[,

t-yuactok, NLDFT /GCMC (OP BELSIm™), MP MeToa, MeToq Oy6uHmH-

ACTaxoBa, MONEKYAPHbIV 30H[, as-y4aCTOK
280 x 650 x 465 MM (6e3 yuyeTa BaKyyMHOTIo Hacoca u lNK)
38 Kr (Mcktovaa BakyyMHbIW Hacoc 1 MK)

He, N2 (99,999% mnun 6onee Bbicokada ymncTtoTa), 0,1+ 0,02 MIa,
coefnHeHue: 1/8 " BbicTpocbeMHoe/ / BbIMyCK: BbiMyCKHOE 0TBEpCTUE

POTOPHOro Hacoca, @ 11 MM

OpHodasHbIN, NepeMeHHbIn Tok 100~240 B (50/60 L) /10A (BKJ/1. R. P.),
50/60 ',

na

MoHUTOpPbI C pa3pelleHnem Full HD



BELSORP MINI X

CBAXUTECb C HAMU »

microtrac.com/ru/contact/contact-form/?prefilltext=contact_form.request&product=602

3AMNPOC NPEAONTOXEHUS »

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