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l. 3P Instruments obecné + doporuceni

Il. Nové studie a projekty v 3P Instruments
a) Kineticky inhibovana sorpce v ultramikropodrech
b) Odvozeni vlastnosti adsorbatu z izoterem pri riznych teplotach
c) Zpresnéni stanoveni velmi malych povrcht BET s Kr (78K)
Ill. Jednoslozkova izoterma mérena na prutocném systému mixSorb
IV. Zajimavé prispevky z 3P Adsorption week

V. Zaveér
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Particles

Powders
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3P Instruments — historie

zalozena 1990 jako Quantachrome GmbH

Obchodni a servisni spolecnost pro ucelenou charakterizace castic
2014 - Oddéleni vyzkumu a vyvoje vCetné placenych analyz

2015 — vlastni vyroba pfistroju — analyzator prurazovych krivek mixSorb
2018 — prejmenovani na 3P Instruments

Prvni pasivni kryostat pro fizeni teploty pri adsorpcnich experimentech

(cryoTune 87) 2018, ucelena rada cryoTune od 2020

www.anamet.cz



3P Instruments — pres 30 let zkusenosti

= Adsorpce plynt (mérny povrch BET a distribuce velikosti porti)
= statickd manometricka metoda
= sorpce par

* Analyzator prlrazovych kfivek

* dynamicka sorpce smési
plynG a par

mixSorbSal

3P meso 3P sync

= Charakterizace katalyzatoru

(chemisorpce)

= Analyzator gravimetrické sorpce vodni pary . "active” surface area

" dynamicka metoda = Temperature programmed

reactions (TPR/O/D)
Benchtop Reactor systems

3P graviSorb
Rada AMI-300

www. 3P-instruments.com www.anamet.cz



Doporuceni z technické zpravy IUPAC (2015)

DE GRUYTER Pare Apol. Chem. 2015; §715-10): 2051-1069

IUPAC Technical Report

Matthias Thommes®*, Katsumi Kaneko, Alexander V. Neimark, James P. Olivier,
Francisco Rodriguez-Reinoso, jean Rouquerol and Kenneth S. W. Sing

Physisorption of gases, with special reference
to the evaluation of surface area and pore size
distribution (IJUPAC Technical Report)

Abstract: Gas adsorption & an important tool for the characerisation of porous solids and Sne powders. Major
advances in secent years have made it necsssary o update the 1985 IUPAC manual on Reporting Physisomption
Data for Gas/Solid Systrms. The aims of the present document are to clanfy and standardise the presentation,
nomenciature and methodology assocdated with the application of physisorption for surface area assessment
and pore size analysis and © dmaw aention to remaining problems in the Inerpretation of physisorpiion data.

Keywords: [UPAC Physical and Biophysical Chemistry Division; nanostmictured materials

DO 10. 535/ pac- 2014110
Recewed November 17, 2014; accepled fpcid 30, 2025
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= Doporuceni pro méreni a vyvhodnoceni fyzisorpcnich izoterem
Vyhody sorpce argonu (87 K) nad dusikem (77 K)
v' Atomarni vzacny plyn - kulova symetrie
v" Nemd kvadrupdlovy moment
v’ presnéjsi vyhodnoceni zaplfiovani périd ve vztahu k
velikosti a tvaru por(
v’ Zapliiuje mikropéry pfi vyznamné vyssim tlaku
v" Urychluje ustalovani rovnovahy
v’ Snizuje chyby méreni
v' Mérny povrch BET ziskany pomoci argonu p¥i 87 K je méné

ovlivnény povrchovymi skupinami adsorbentu

www.anamet.cz



Nové sorpcni projekty na zakladé kryostatu cryoTune

H, Ar Kr SiH,4 CoHg SFg C;3Hg
N, Xe Cco, i-C4Hyo
Ne co

i
NN N

cryoTune 195: 180-323 K

20:115-230K

oTune87:82-135K

liquid NZJI ]

=~ liquid Ar = l ice bath ’

I 1] T T T 1 ' T T T T T 1 T T T T T T T T T T 1
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Measurement temperature T / K
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Princip termostatu cryoTune

Cela se vzorkem je uzavrena v bloku privadéjicim chlad

CryoTune predava teplo z cely se vzorkem do kapalného dusiku (77 K)
Presné fizeni elektrického ohfevu umoznuje analyzu pfi teplotach
vysSich nez 77 K

To otevira moznosti jinak obtizného dosazeni teplot mezi 77 a 325 K

Particle world 18, 31 — 34, https://www.3p-instruments.com/en/particle-world/
Particle world 19, 24 — 29, https://www.3p-instruments.com/de/particle-world/
Chem. Ing. Tech. 2019, 91, No. 7, 934-935

Chem. Ing. Tech. 2019, 91, No. 11, 1504-1505

www.anamet.cz



Princip termostatu cryoTune

www. 3P-instruments.com www.anamet.cz 8



Nové sorpcni projekty na zakladé kryostatu cryoTune

A. Kineticky inhibovana sorpce v ultramikroporech

B. Odvozeni vlastnosti adsorbatu z izoterem pfi ruznych teplotach

C. Zpresnéni stanoveni velmi malych povrcht BET s Kr (78K)

www. 3P-instruments.com www.anamet.cz



A. Kineticky inhibovana sorpce v ultramikroporech

Adsorption of various adsorptives at zeolite 4A

 Difazni efekty v ultramikropdrech (<0,7 nm) !
adsorbujicich se molekul a nasledky pro délku 6 —He [0 =Re7ok L0 1K
mereni: s .
 volnd difuze (normalni délka) 5, ettt
+ slab& branéna diftze (velmi dlouhé) £ (
* silné branéna difuze (kratké) 33 n
 sitovy efekt (nepouzitelné) 2 §
1 b
 Kritické prumeéry malych molekul 0 Lm e pr—
z literatury (nm): 0 02 04 ppy OF 08 1
H, 0.24 0, 0.28 co, 0.28
N, 0.30 Ar 0.38 Kr 0.39
Xe 044 | CH, | 044 SF, 0.67

www. 3P-instruments.com
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A. Kineticky inhibovana sorpce v ultramikroporech

Amount adsorbed / mmol g’

O I I I I
90 100 110 120 130 140 150

T/K

Adsorbovany objem N, pfi riznych teplotach v pdrech
zeolitu 4A po 48 h ustalovani pro kazdy zméreny bod.

www. 3P-instruments.com
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= —o—zeolite 5A H2 78 K
30 —o—zeolite 4A H2 78 K
zeolite 3AH2 78 K
0 - e === T T
0,000 0,005 0,010 0,015

p/Py

Adsorpcni izotermy H, pfi 78 K v zeolitech 3A, 4A a 5A
—> H, s kritickym priimérem 0,24 nm nezapliiuje 0,3nm pory
zeolitu 3A, ale zaplnuje 0,4nm pory zeolitu 4A

www.anamet.cz




A. Kineticky inhibovana sorpce v ultramikroporech — zkusenosti 3Pl

= Kinetika adsorpce zavisi na = Dalsi studie jsou v planu s
= Velikosti molekuly vs. velikosti vstupniho okna = vice adsorptivy
= Teploté mereni = dalSimi teplotami
= typu adsorptivu a stény (nepolarni, kvadrupal, = vice materialy s Uzkymi ultramikropory v
dipol) rozsahu 1-2 priamerd molekuly adsorptivu

= Vlastni studie ukazuji mozné kinetické problémy u
standardnich analyzatort (101 kPa) a
ultramikroport mensich nez

= 048 nmproN, 77 K

= 0,45 nm pro Ar 87 K

= 0,35 nm pro CO, 195 KaproH, 77K

= 0,33 nm pro CO, 273 K (ale omezeni 1,2 nm)

www. 3P-instruments.com www.anamet.cz



Nové sorpcni projekty na zakladé kryostatu cryoTune

A. Kineticky inhibovana sorpce v ultramikroporech

B. Odvozeni vlastnosti adsorbatu z izoterem pfi ruznych teplotach

C. Zpresnéni stanoveni velmi malych povrcht BET s Kr (78K)
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B. Odvozeni vlastnosti adsorbatu z izoterem pfi ruznych teplotach

Sorpce xenonu pfi rdznych teplotach uvnitf standardu BAM P115 (TiO, — anatas)

100

(o))
o
1

rel. pore filling / %
D
o

20 A

—o—-140K —e-145K -—+-150K 155K —e—161K —e—165K

0 100 200 300 400 500 600 700
p / Torr
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B. Odvozeni vlastnosti adsorbatu z izoterem pfi ruznych teplotach

= Postulat: vsechny izotermy by mély poskytovat nezavisle N .
na adsorptivu a T stejné vysledky

= S timto postulatem mUzeme nalézt vice informaci o
vlastnostech adsorbatu v ruznych materialech:

= z povrchu BET —> prarez molekuly

= z celkového objemu péri - hustota adsorbatu

= z velikosti mezopodru —> povrchové napeti

= z izoterem CO, —> spravneé tlaky nasyc. par

Kryostaty cryoTune uvnitr 3litrovych
dewarovych nadob, s privodni hadici a
ridici jednotkou

www. 3P-instruments.com www.anamet.cz



V,4 (STP) / cm? g

B. Odvozeni vlastnosti adsorbatu z izoterem pfi ruznych teplotach

450
400
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—— CO2 180 K Ads.
—— CO21825K
—— CO2187,5K
- CO2192,5K
—+— CO2 197,5K

#~ CO2 200 K Des.
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" —— s e esesses w8 —6— 5 9 4
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| T | T T
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V,4s (STP) / cm® g

Pod trojnym bodem CO, (5,2 bar, -56°C) ma adsorbat stav jako kapalina uvnitf pord MCM-41 (< 5 nm)

Srovnani s izotermami Ar 87 K dava rozumné pouziti tlaku nasycenych par a hustoty podchlazeného

CO, pro popis izoterem CO,

www. 3P-instruments.com
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Nové sorpcni projekty na zakladé kryostatu cryoTune

A. Kineticky inhibovana sorpce v ultramikroporech

B. Odvozeni vlastnosti adsorbatu z izoterem pfi ruznych teplotach

C. Zpresnéni stanoveni velmi malych povrcht BET s Kr (78K)
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C. Zpresnéni stanoveni velmi malych povrchl BET s Kr (77K)

= Berlin =—Karisruhe

1050

= Problem: teplota kapalného
1040 dusiku se méni s atmosférickym
\ tlakem

1020

k f .‘ = Krivka ukazuje zmény atm. tlaku
m A / ' ve dvou méstech v roce 2020

e
=1

Luftdruck / hPa
S
1S

¥l ' = Pro standardni méreni s N, se
meri tlak nasycenych par pro
korekci zmeény teploty lazné

1000 |

=50 - Nicméné pro meéreni s Kr 77 K se
pouziva pevna hodnota p, = 2.63
980
(] r [ J II
S & & & & & & & & L P P Torr bez jakychkoliv korekci!
¢ q’i\'\% (v %‘\S\« (\’0‘ \ 'ﬁ\&
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C. Zpresnéni stanoveni velmi malych povrchl BET s Kr (77K)

= Teplota lazne béhem mereni v 3P Lab
(Odelzhausen)

= T=76.7K.. 775K

krypton undercooled liquid py vs. T

Méreni s dusikem:

= hustota = 0,80905 ... 0,80543 g/cm?

Odhad chyby objemu péra - 0,4 %

a, = 16,2527 ... 16,3013 nm?

Odhad chyby mérného povrchu BET - 0,3 %

Karlsruhe 2020 min and max

fluktuace p, v Karlsruhe dava nejistotu plochy
BET u BAM standardu P101 mezi 0,174 a
0,186 m?/g > 6 %

76 76,5 T7 77,5 78
T/K

www. 3P-instruments.com www.anamet.cz



C. Zpresnéni stanoveni velmi malych povrchl BET s Kr (78K)

P cryoTune

figuration  Operation About Statistické studie praveé probihaiji:
Station 1
Presna teplota BET-SA
Setpoint udrZzovana pomoci
Output 18.4 % cryoTune 78 Spravné p, pro

Kr 78 K (torr)

Stable Temperature

Data Recording

Select File J Start 1

v v
= 78.00 0,4053 3,1540 0,1775
7815 ’ \e"\m;; = . TE.00 0,4053 3,1840 0,1750
BRE | L Teroamiin ] 7B.00 0,4053 3,1940 0,1734
7809 I‘“" Qugesl Yl 78.00 0,4053 3,1540 0,1768
5.06 7B.00 0,4053 3,1540 0,1757

www. 3P-instruments.com www.anamet.cz



C. Zpresnéni stanoveni velmi malych povrchl BET s Kr (78K)

Zcela novy cryoTune 78 umi udrzovat teplotu velmi blizko teploty kapalného dusiku

Stabilita teto teploty je lepsi nez 0,01 K

Kryostat cryoTune 78 umoznuje méreni vzorku s velmi malym povrchem pri konstantnim p,

Zvysuje reprodukovatelnost mereni vzorku s nizkym povrchem pomoci Kr 78 K a obzvlast
srovnatelnost vysledku laboratori

www. 3P-instruments.com www.anamet.cz



. 3P Instruments obecné

Il. Nové studie a projekty v 3P Instruments
a) Kineticky inhibovana sorpce v ultramikropodrech
b) Odvozeni vlastnosti adsorbatu z izoterem pri riznych teplotach
c) Zpresnéni stanoveni velmi malych povrcht BET s Kr (78K)
lll. Jednoslozkova izoterma mérena na pritocném systému mixSorbu
IV. Zajimavé prispevky z 3P Adsorption week

V. Zaveér
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Jednoslozkova izoterma mérena na pritocném systému mixSorbu

What is a mixSorb doing?

(
The mixSorb is a dynamic sorption analyzer to investigate adsorbent =
materials for gas mixture or gas/vapor mixture separation processes. ﬂ |

- investigations to technical relevant parameters (sorption capacity,
selectivity, sorption kinetics, regenerability, cycle stability ...)

-

- technical processes in “Labscale” -

mixSorb series

www. 3P-instruments.com www.anamet.cz




Jednoslozkova izoterma mérena na pritocném systému mixSorbu

release: : . release:
Dec, 2015 - Oct, 2018

\ mixSorb L & LHP } \ mixSorb S & mixSorb SHP }
large amount of sample/granulate (~ 130 ml) small amount of sample/powder (~ 1 ml)
application-near measurements basic research
=>» companies/producers and institutes for =>» institutes for basic research
applied sciences and R&D for powders

www. 3P-instruments.com www.anamet.cz



Jednoslozkova izoterma mérena na pritocném systému mixSorbu

Different segments of a breakthrough curve

time time time
* Determination of * Mass Transfer coefficient, axial * Determination of
technical usable sorption capacity dispersion, shape of isotherm saturation capacity
e Can be used as benchmark for * Heat effects, heat dissipation e By assuming of thermodynamic
separation performance of e The time interval of mass transfer controlled system = Measurement
adsorbents zone has to be minimized of isotherms possible

www. 3P-instruments.com www.anamet.cz




Jednoslozkova izoterma mérena na pritocném systému mixSorbu

simple breakthrough curve breakthrough curves with displacement

concentration
concentration

time time

*  binary mixture: © fernary mixture:

CO,/He (non-adsorbing carrier gas) CO,/CH,/He (non-adsorbing carrier gas)

- Pure component equilibria+ kinetic information Displacement of less adsorbed component

CO,/CH, (adsorbing carrier gas) - Partial Desorption, Role-Up Effects

> Preloading of sample with pure CH, - Complete Determination (evaluation complex)

- Incomplete Determination of the system CO,/CH,/N, (adsorbing carrier gas)
—> Preloading of sample with pure N,
—> Partial loading for CO, and CH,

- Incomplete ternary mixture data

(evaluation mostly simple)

—> Partial loading for CO, (mixture sorption data)

www. 3P-instruments.com www.anamet.cz




Jednoslozkova izoterma mérena na pritocném systému mixSorbu

Different experiments with mixSorb L and their results:

Breakthrough time, Mass Transfer Competitive Adsorption, Displacement Equilibrium loading, isotherms

concentration
concentration
concentration

time time time

Regenerability, Cycle-Stability PSA- Process, down scaling Chromatographic parameter

concentration
concentration

concentration

I

time time time

www. 3P-instruments.com www.anamet.cz



Jednoslozkova izoterma mérena na pritocném systému mixSorbu

m!f".:".f?«'?'?

Q._ 7 Open  Window Opticas  Offlinelogm  Mass Spectiometes Ascs Recabbation

1-

Sumgle kifo | tegation | Status | Table | et | nstrument
Sht | 13870 7s 01701-15 1221.3%) Wasting for Stop Critenta fmax. 480 min. min. 420 min. TCD threshold finactive]. TCD stat . inactive]. Temp. stat. [10 min, <0.1 K]. Pres.

Speed {8 A U

»  Flow through the sample with a predefined gas mixture
»  Measurement of equilibrium data at a specified pressure and gas composition

= Advantage over static volumetry, no precalculations necessar

www. 3P-instruments.com www.anamet.cz



Jednoslozkova izoterma mérena na pritocném systému mixSorbu

eV primyslu se méfi prlrazové krivky pfi konstantnim tlaku do 40 bar
 Zadouci je mit izotermy v $irokém rozsahu tlak( a vyhnout se tak potfebé& méFit mnoho prirazovych kfivek pfi
raznych parcialnich tlacich
* Pro potieby méreni jednoslozkovych izoterem je potfeba mixSorb S/SHP vybavit vakuovou vyvévou a musi
probéhnout kratsi kalibrace:
1. Stanoveni konverznich faktort pro MFC, aby mohly pracovat s riznymi tlaky a plyny
2. Kalibrace objemu manifoldu
3. Nasledné se naplni kolona adsorbentem a urci se rychlost zvySovani tlaku He -> mrtvy objem v koloné
4. urdci se krivka zvySovani tlaku plyn@ (adsorptiva) — CO2/CH4

Table 1  Summary of all conducted calibration experiments

# AdsorberFiling Gas T/°C fiow ra.te_1/ Purpose

mL min
1 empty He 25 20 L ) )

* Determination of calibration factor He

2 empLy He >0 20 = Manifold volume
3 Cu beads He 25 20
4 empty CH4 25 3 Conversion factor over the whole pressure range
5 empty CO; 25 3 Conversion factor over the whole pressure range

www. 3P-instruments.com www.anamet.cz




Jednoslozkova izoterma mérena na pritocném systému mixSorbu

3P Dynamic Manometric Physisorption: Principle

INSTRUMENTS

BN

N w
L ) l L)
|

—_

loading mmol g

O 1 1 1 1 1
00 02 04 06 08 1.0

P

= Continuous pressure increase
= Possible with mixSorb S and SHP by default

= Flow slow enough to equilibrate = 5 mbar/s
appears to be okay

- 1000 mbar

Vfree

www. 3P-instruments.com

Calibrations

= V: exact flow rates for Helium and the adsorptive
- needs to be performed for each experimental setup

* Vwarm fs fOr Manifold
- needs to determine once per instrument

Corrections

* Free space determination with Helium to correct
free cold space Vg4 fs

Considerations
= Apply good EOS

www.anamet.cz




Jednoslozkova izoterma mérena na pritocném systému mixSorbu

3P Dynamic Manometric Physisorption: Pressure Rise

INSTRUMENTS

60 T T T T T

Example: CO, Isotherm

Step 1: Data recording

50

= For every datapoint:
. * Time

* Pressure
Flow (@ STP)

Manifold temperature (,warm”)

pressure / bar
w
o
2]

N
o

= Sample temperature (,cold")

= Apply EOS to calculate densities

0 ] * Pp,warm * Vfree,warm + Pp,cold * Vfree,cold = Ndetected

£ s
- fo Ve dt * psTp = Ngosed

0 50 100 150 200 250

www. 3P-instruments.com www.anamet.cz



3P

INSTRUMENTS

Jednoslozkova izoterma mérena na pritocném systému mixSorbu

Dynamic Manometric Physisorption: Amount balance

35 (—r—r—v—

30

_— N N
1% (=] (%, ]
oo o e e e o e o e o T

detected amount / mmol

Qe
L

(VORI LSS YGRS BONAY 1Y VIY UGty WISy WASY Sy N (Y V) r| e W | SRRy =1 DA Wi [0 TIMS! YR Y-SR YHICY [y

Example: CO, Isotherm
Step 2: calculate amounts

= For every datapoint we can now add:
= Detected amount
* Dosed amount up to time t

= Draw detected amount over dosed amount

= When no adsorption takes place: straight line
with slope of ,1" = correction of non-idealities

5 10 15 20 25 30 35

dosed amount / mmol

www. 3P-instruments.com www.anamet.cz




Jednoslozkova izoterma mérena na pritocném systému mixSorbu

3P Dynamic Manometric Physisorption: Isotherm

INSTRUMENTS

8 LATIN T I B YO N R TR TR YL TR SO T N TR GRS B N DR SRR (TR DO STC R T Y W

Example: CO, Isotherm

] Step 3: Build isotherm

] ® Nads = Ndosed — Ndetected
= Divide by sample mass

: = Reduction of cold free space by adsorbate can
also be incorporated

loading / (mmol / g)

(1} S S S S S S VR S S SO S S S S S " S T " S S— —

0 10 20 30 40 50 60
pressure / bar

www.anamet.cz
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Jednoslozkova izoterma mérena na pritocném systému mixSorbu

3P Dynamic Manometric Physisorption: Comparison

INSTRUMENTS

16 Comparison to gravimetric sorption
] isotherms:
14 -
- ' P - B
- / = Promising
% 5
TE:“)‘ | = Very good agreement between
g .. | 1 and 10 bar
L
> ’ ' = Measurement time 5 h vs. 20 h with
s | s gravimetry
S 4 y O, at 0 °C
_ (0, at 70 °C Jak se zjisti rovnovaha? Zménou prutoku a
> gravimetric sledovanim celkové adsorpce i srovhanim
~ qravimetric s jinou metodou. Nejlepsi pro jiz zndmé
044 | . .~ #  gravimetric s vv s ge . . .
. : : : . : ‘. materialy, kde zméreni distribuce velikosti
20 30 40 50

Pressure / bar porl muize byt kratsi

www. 3P-instruments.com www.anamet.cz



Jednoslozkova izoterma mérena na pritocném systému mixSorbu

Dobra shoda do 10 bar je dostate¢nd, protoze priimyslovy proces PSA probiha pfi tlacich 10-40 bar,
ale zalezi na parcialnich tlacich plynd

Dynamicka manometricka metoda:
e jerychla (5vs 20 hodin)
* je jednoducha metoda pro predvybér vhodnych adsorbentt v potfebném rozsahu tlaku

* odstranuje potfebu dalSich pfistroji (vysokotlaky gravimetricky ¢i manometrigky staticky
analyzator)
» poskytuje velké mnozstvi bod 80|

Druhym zavedenym postupem meéreni izotermy je krokové zvyseni parc.tlaku
 vyhoda — kazdy krok je skutecné ustaleny
 Nevyhody — ¢asové narocny proces s vyssi spotrebou plynU

40 b

mole fraction y(CO

N
o
T

0 3000 6000 9000 12000
time-on-stream t/ s

www. 3P-instruments.com www.anamet.cz



Zajimavé prispévky z 3P Adsorption week

17.—19. May 2022
Adsorption Week Leipzig

Adsorption and Characterization of porous solids

Keynote Speaker:
Stefan Kaskel (University
Dresden, Germany)

.......

3P

INSTRUMENTS




Zajimaveé prispévky z 3P Adsorption week

Standardizace: Adsorption information file

Daniel W. Siderius (NIST) — NIST Data Resources for Adsorption

Stefan Kaskel (TU Dresden)
e Paralelni charakterizace adsorpce s XRD, NMR, XAS, EPR, UV/Vis/Raman

e Negativni adsorpce (kontrakce struktury)

Jean Rouquerol (Aix Marseille Université, Lab Madirel)

e Constant rate thermal analysis — thermal treatment
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Standardizace: Adsorption information file

Adsorption Information File - AIF (Stefan Kaskel)

https://adsorptioninformationformat.com/

Adsorption information can be shared using the STAR format, which is used by the # comment goes here comment
data_raw2aifvee3
crystallographic information file (CIF) —exptl_operator ‘Nicole' experimental

_exptl_date 2009-89-17T719:56:00
_exptl_instrument 'Autosorb Station 1'
_exptl_adsorptive Nitrogen
_exptl_temperature 77.3
_exptl_sample_mass 0.0339

Isotherm saaple_id “nk_DUT=6.LP N2_114pkt" el

sample_material_id 'DUT-6’

. _units_temperature K units
~ units_pressure Pa
o units_mass g

1

STAR units_loading mmol/g
00p_ adsorption
format _adsorp_pressure
_adsorp_po

_adsorp_amount

0.269367243408 101860.98004799998 0.006484305926579284
0.27275763204 101860.98004799998 0.008217577878132952
0.273485572344 101860.98004799998 0.009928476539499517

2§ % AR R R LR B

. . | SeEHHER
Adsorption Sesoro_pressars
& é _desorp_p@
Information File Zdesorp_smount
pressure 97113.56278639999 101860.98004799398 57,919842028778376
(AIF) = | 90734.559156 101860.98004799998 57.83008565285129

|85586.58132479999 101860.98004799998 57.74993663094573

Adsorption Information File - Metal-Organic Frameworks -
International Commission (mof-international.org)

@) UNiveRsrti J.D. Evans, V. Bon, I. Senkovska, S. Kaskel, Langmuir 2021, 37, 14, 4222-4226 2505 (T

DRESDEN
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Daniel W. Siderius (NIST): NIST Data Resources for Adsorption

e Databaze NIST:
e |zoterem (obsahuje 35507 izoterem z 4129 ¢lank
e 434 adsorptiva (plynt/par), 2720 viceslozkovych
e Adsorbentu (7386)

e Nastroje pro spravu dat
* Format souborl izoterem JSON (ekvivalent AIF) — chtéji spustit aplikaci pro prevod dat na
standardizovany format AlF, vyvoj formatu v ramci IUPAC pracovni skupiny
e Prenos dat z ¢lankd do databaze

e Hlavni zaméreni na viceslozkové izotermy a adsorpce v kapalné fazi

HTTPS:/ADSORPTION.NIST.GOV
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Daniel W. Siderius (NIST): NIST Data Resources for Adsorption

Doporuceni pro autory clanku se zajmem o vlozeni
dat do databaze

e Do priloh ¢lank zahrinte adsorpéni izotermu v podobé tabulky

* Nejlépe ve formatu AIF / JSON
e Kompletné popiste méreni

* Plyn, mobilni faze, slozeni, zdali absolutni data i excess (vysokotlakd méreni), vyznam pg
e Presny popis adsorbentu — CCDC, CAS, SMILES ¢i jiny identifikator

e Pouzivejte soustavy dat/metadat InChl, Units Schema (napf. QUDT)

HTTPS:/ADSORPTION.NIST.GOV
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Daniel W. Siderius (NIST): NIST Data Resources for Adsorption

Further Reading

Park, Howe, Sholl: “How Reproducible Are Isotherm Measurements in Metal-Organic Frameworks?
Chem Mater, 2017 (10.1021/acs.chemmater.7b04287)

Bingel, Chen, Agrawal, Sholl: “Experimentally Verified Alcohol Adsorption Isotherms in Nanoporous Materials from
Literature Meta-Analysis”

J Chem Eng Data, 2020 (10.1021/acs.jced.0c00598)

lacomi and Llewellyn: “pyGAPS: a Python-based framework for adsorption isotherm processing and material
characterization”

Adsorption, 2019 (10.1007/s10450-019-00168-5)

Evans et al. “A Universal Standard Archive File for Adsorption Data”
Langmuir 2021 (10.1021/acs.langmuir.1c00122)

Bucior et al. “Identification schemes for metal-organic frameworks to enable rapid search and cheminformatics analysis”
Cryst Growth Des, 2019 (10.1021/acs.cqd.9b01050)

HTTPS:/ADSORPTION.NIST.GOV
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Stefan Kaskel (TU Dresden): Paralelni charakterizace adsorpce s XRD, NMR, XAS, EPR, UV/Vis/Raman

“*Negative Gas Adsorption (CH,, 111 K) —

e Stefan Kaskel (TU Dresden) — motivace — opakované pozorovani negativni adsorpce

e Paralelni charakterizace adsorpce s XRD, NMR, XAS, EPR, UV/Vis/Raman
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S. Krause, V. Bon, F.-X. Coudert, G, Maurin, S. Kaskel et. al. Nature 2016, 532, 348-352.
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Stefan Kaskel (TU Dresden): Paralelni charakterizace adsorpce s PXRD, NMR, XAS, EPR, UV/Vis/Raman

e Stefan Kaskel (TU Dresden) — motivace — opakované pozorovani negativni adsorpce

e Paralelni charakterizace adsorpce s Powder XRD, NMR, XAS, EPR, UV/Vis/Raman

Inovativni metody charakterizace v pribéhu adsorpce plynt popsany v ¢lanku:

V. Bon, E. Brunner, A. Péppl, S. Kaskel,
“Unraveling Structure and Dynamics in Porous Frameworks via Advanced In Situ Characterization Techniques”.
Adv. Funct. Mater. 2020, 1907847. https://doi.org/10.1002/adfm.201907847

Praskové XRD (DYNADIFF, TU Dresden)

V. Bon, |. Senkovska, D. Wallacher, S. Kaskel et al Microporous Mesoporous Mater., 2014, 188, 190-195.

Adsorpce Xe pri 200 K v NMR Schaber, Kaskel, Brunner, et al., J. Phys. Chem. C 2017, 121, 5195.

Elektronova paramagneticka resonance (EPR) v pribéhu adsorpce

M. Mendt, S. Ehrling, S. Kaskel A. Poppl et al. J. Phys. Chem. C 2016, 120, 26, 14246-14259
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Jean Rouquerol (Aix Marseille Université): Constant rate thermal analysis — thermal treatment

Problémy standardniho teplotné-vakuového zpusobu pFipravy vzorkd
* Nejsou zjevné, mnoho védcl si je neuvédomuije
e Heterogenitu ziskaného vzorku nelze pozorovat pri adsorpcni analyze celého vzorku

e Teplotni rozdily ve vakuu pro 1g montmorillonitu pfi 10 °C/min dosahuje az 170 °C

Atlas of Thermoanalytical curves », G.Liptay ed., Akademiai Kiado, Budapest, 1973

e Parcialni tlaky ve vzorku, které se predpokladaji stejné jako v senzoru tlaku, se bézné ve vakuu lisi
10x i mnohem vice, pokud vzorek odléta

e VloZenim frity nebo kfemenné vaty pro zabranéni uletu castic => tlak ve vzorku muze byt az

1000x vyssi nez v senzoru!

www. 3P-instruments.com www.anamet.cz



Jean Rouquerol (Aix Marseille Université): Constant rate thermal analysis — thermal treatment

* Pro teplotné citlivé vzorky (Al (OH),, Be(OH),, MCM-41, montmorillonit

* Heterogenita vzorku zplsobena teplotnim gradientem ve vzorku (az 150 °C
pfi 1°C/min ve vakuu) => |ze omezit na 30°C pfri konstantnim odplyrfiovani
(drzeni konstantniho tlaku => konstantni pritoku par regulovanim teploty)

* Muze vznikat dodatecna hysterezni krivka v dusledku praskani MCM-41

* Pridavkem malého mnozstvi plynu se drasticky zvysi tepelna vodivost
(otestoval s He pro nemikroporézni materialy)

* Béhem prutocného odplynéni jsou gradienty teploty minimalni, lec

reprodukovatelnost odplynéni je zhorsena

ROUQUEROL J. « Thermal Analysis : Sample-Controlled Techniques” In: Encyclopedia of Analytical Science (3™ Ed.),
Worsfold, P., Poole, C., Townshend, A., Mir6, M., (Eds.), Elsevier, 2019, vol 10, pp 17-32

ROUQUEROL F., ROUQUEROL J., SING K.S.W., LLEWELLYN P., MAURIN G. « Adsorption by powders and porous solids:
principles, methodology and applications™ 27 edition , Academic Press, 2014, 626 p.

SORENSEN T. O., ROUQUEROL J. Eds, « Sample Controlled Thermal Analysis (SCTA): principle, origins, goals,
multiple forms, applications and future” Kluwer Academic Publishers, Dordrecht, 2003, 252 p
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SOUHRN

l. Nové studie a projekty v 3P Instruments s vyuzitim kryostatu cryoTune
a) Kineticky inhibovana sorpce v ultramikroporech
b) Odvozeni vlastnosti adsorbatu z izoterem pri ruznych teplotach
c) Zpresnéni stanoveni velmi malych povrcht BET s Kr (78K)

Il. Jednoslozkova izoterma mérena na prutoc¢ném systému mixSorb

Ill. Zajimavé prispevky z 3P Adsorption week

Standardizace: Adsorption information file

Daniel W. Siderius (NIST) — NIST Data Resources for Adsorption

Stefan Kaskel (TU Dresden) - Paralelni charakterizace adsorpce s PXRD, NMR, EPR

Jean Rouquerol (Aix Marseille Université) - Constant rate thermal analysis — thermal treatment

www. 3P-instruments.com www.anamet.cz



Dékuji za pozornost a chtél bych vas pozvat

k nasemu stanku

a
V utery 13. zari online webinar zdarma na téma

Gas adsorption measurements: All the things that can go wrong...

https://www.3p-instruments.com/free-webinars-gas-adsorption-measurements/

Ing. Michal Dudak, Ph.D.
ANAMET s.r.0.

dudak@anamet.cz
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