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Zeolitovda chemie

aneb Prochdzka sub-nanolabyrintem

R. Buldnek
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A.F. Cronstedt: ,,RON och BESKRIFNING Om en oberkant barg art, som kallas Zeolites*

Kongl. Vetenskaps Academiens Handlingar Stockholm 17 (1756) pp. 120
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1756  Axel Fredrik Cronstedt Karel Bofivoj Presl
(1722 - 1765) (1794 — 1852)

zein = varit
+ Zeolit
lithos = kdmen

Puchavec

A.F. Cronstedt: ,,RON och BESKRIFNING Om en oberkant barg art, som kallas Zeolites*

Kongl. Vetenskaps Academiens Handlingar Stockholm 17 (1756) pp. 120
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1756  Axel Fredrik Cronstedt
(1722 - 1765)
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Stilbite

Natrolite, Chabasite, Faujasite, Mordenite ...

... V. soucasnosti evidovano vice jak 60 druht



Mesolite
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Zeolity = tektosilikaty

Stilbite (Na,Cag)[Al4Si,O,,,]x60H,0

obecné M2 [(AlO,),(Si0,),] zH,0



Z.EOALTE

reakce s alkalickymi
vodami =
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Puchavec
Kozdkov
Kost’alov
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Puchavec
Kozdkov
Kost’alov
Hridelecka hira

SK

Bartosova Lehotka
Sklené Teplice

Bysta
Velka Trna
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1948 R.M Milton, D.W. Breck
R.M. Barrer

syntéza zeolitd v [aboratofi

R.M. Brrer a R.M. iItOn
1988, ACS Symposium



ZEOATE SEEREEN

alkalické prostfedl':

NaOH, KOH, .
gchJ i \ l Zdroj Al:
W ElIKEIE ~ AI(NO,),, Al(OH)s, Nag AlO,...
r )
T = 170-270°C
P=10-60 atm

trvani nékolik dnu

tlakovy hrnec
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248 znamych struktur

64 prirodnich zeolitd
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A

tektosilikaty " [(AlO,),(Si0,),] zH,0
£ Loewensteinovo pravidlo
e Lo Si/Al pomér:  1-oo

’ ? ! \\
@ /l - ‘—_’. v 7 4 . . Ve
N NS 7o zadna ze struktur neexistuje v celém rozsahu




Z.EOALTE

Primarni stavebni jednotky




Ctyr-Cetny kruh

Sesti-Cetny kruh
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MFI

molekulové sito

1A=10"m
1NM =109 m
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MFI

molekulové sito

1A=10"m
1NM =109 m
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O ~ & | @ Univerzita Pardubi

Tools = Other Lin
Help  Credits

Zeolite Framework Types

Search for a Framework Type Code

or select one from the tables below:
Fully ordered Partially disordered
Type Materials * Type Materials

JFT

RU ' RWR RWY | SAF ' SAD SAS l
SGT SV ' SOD SOF ' SUH ' '

SFG SFH SFN ' SFO SFS l SFW
S7R ' TER ' THO TOL ' TON ' TSC ' TUN UEI ' UFI UDS UDV LI()Z usi ' '
\.'ET VFI ' VNI ' VsV ' WEI ' WEN G ZON

L uwy '
* A ™" sign preceding a three-letter code indicates that the fram interrupted. That is, not all T atoms are 4-connected.
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http://europe.iza-structure.org/IZA-SC/ftc_table.php
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MFI

10 5.1 X 5.5 A
10 5.6 X 5.3 A

MFI

FER

105.4 X 4.2 A
8 4.8x3.5A
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Vlastnosti zeolitu



1g zeolitu MFI ma délku pori cca 6.10" m a plochu cca 400 m?/g
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Molekulové sitovy efekt
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lontova vymena

Q% [(AID,),(S10,),1 zH,0 ——= M};[(AIO,),(Si0,),] zH,0

x/n

Mn+ QP+
® iontova /.
- vymeéna .
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H* tuha silna kyselina bez korozivnich

ucinkd
® A kationty s vyssSim nabojem
R
‘..)_ e \~ e . kompenzace naboje vice hlinik(
. . vrv p . 1
d . $-° mimomrizkovy aniontovy ligand
@
R kationty prechodnych kovd

unikatni redox vlastnosti
stabilizace neobvyklych oxidacnich
stavu
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Tetrakomplex CO, na Na* kationtu
ve FER zeolitu
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Termicka a mechanicka odolnost

stabilita do teplot minimalné 600°C

Ekologicka nezavadnost a nerozpustnost ve vode
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Vyuziti zeolitu



BN detergenty

, 0
katalyza o7

adsorpce

B jiné

7%

16%

10%

Synteticke zeolity

rok produkce (t)
1948 0

1955 100

1975 60 000
1995 1.2 108

2001 1.46 10°
2004 1.69 10°
2010 1.8 106
2018 2.98 10°




BN detergenty Syntetické zeolity
67%

katalyza rok produkce (t)
adsorpce 1948 0
- jiné 1955 100
1975 60 000
1995 1.2 10°
2001 1.46 10°
2004 1.69 10°
2010 1.8 10°
o 2018 2.38 10°
16%
10% 3.4 10° tun/rok

prirodnich zeolit(
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‘ Detergenty

nahrada za fosfaty,

nerozpustné ve vodeé,

jednotna velikost Castic,

neulpivaji na odévech,

selektivni vyména iontt Ca?* a Mg?*
za Na*

zeolity Aa P
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Katalyzatory

vice jak 40% vSech katalyzatoru
H-formy zeolitu - revoluce v
rafinaci ropy (FCC katalyzatory)
alkylace

izomerace

MTO, MTG procesy
hydroxylace benzenu na fenol
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Velkoobjemové primyslové procesy

127 prmyslovych procest 180 typU katalyzator(

. e Zeolity 74 Oxidy 54
lonexy 16 Fosfaty 16
Neurceno 7 Jily 4
Ukotvené enzymy 3 Sirany, uhlicitany 3
Polysiloxany 3
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A

Pouziti zeolitu v katalyze

Zeolites (74)

ZSM-5 31

Modified (non-specified) zeolites 28

- " b Mordenite 7
ZeolitY 4
Ultrastabilized Y p)
Beta 2
Metallosilicates p)
SAPO-11, SAPO-34 2
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Atmosphenc =
destillation

Light
Naphtha

crude

MNaphtha

kerosene

Middle

destillates

Atm gas oil

h

LPG —

Cracked
naphtha

Cyele Qils

Lube
Vacunm destillates
destillation t | ’

1

(ras oil
F Y

. Zeolites for punfication

. Zeolites for separation

‘ig. 3 Some of the major operations found in modern refineries

Only zeolite

Emerging use of zeolites
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Adsorbenty

velka schopnost vazat vodu (LTA, FAU)
nekryogenni separace O,/N, (LiX)

‘AR

rektifikace
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Adsorbenty

velka schopnost vazat vodu (LTA, FAU)
nekryogenni separace O,/N, (LiX)

molekulové sitovy efekt — separace
n/iso-alkana (Ca-LTA), xylena (FAU)
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Adsorbenty

velka schopnost vazat vodu (LTA, FAU)
nekryogenni separace O,/N, (LiX)

molekulové sitovy efekt — separace
n/iso-alkana (Ca-LTA), xylena (FAU)

ukladani plynt (H,, CO,) 33 100 x




Ostatni

odstrariovani 9°Sr a 37Cs (Clinoptilolit)
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67%

® Stops Bleeding Fast
For Temporary External Use
ONE 0.88 02 (256), 3535 4
Z-MEDICA
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Ostatni

pridavek do cementu a asfaltu
Uprava pud

o plnivo pri vyrobé papiru
tepelna Cerpadla zeoTHERM

16%
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67%

Ostatni

vysousedlo v izolacnich oknech

16%

10%




Ostatni

adsorp¢ni chladice (CoolKeg)

Cum—




Ostatni

spoustéci packa

16%

10% ZeO“t

ventil

pivo

voda
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Ostatni

adsorp¢ni chladice (CoolKeg)

16%

10%
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TAR

Ostatni

adsorp¢ni chladice (CoolKeg)

adsorpce [

% yi

16% ) 455
10% ” Sy
,"
P et

vyparovani
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Ostatni

Thomsonite — drahokam

16%

10%

Thomsonite
Lake Superior,
Minnesota
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TAR

Je jeste co objevovat?
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http://www.iza-structure.org/databases/

ABW | ACO AEI AEL AEN AEI AFG AF| AFN AFC AFR AFS
AFT AFX AFY AHT ANA APC APD AST ASY ATN ATO ATS
ATT ATV AWO AWV BCT *BEA BEC BIK BOG BFH BRE CAN 248 Struktur

CAS CDO CFI CGF G5
DFO DFT DOH EAB

CHI CLO CON CZF DAC DDR

7
EMT | EON | EPI ER| SV ETR ZNamo

EUO EZT FAR GlIU GME GON GOO - (bFezen 2019)
IFR IHW | IMF Y ITE ITH W  IWR WY | IWw | JBW | KFI

LAU | LEV | LID LIT LOS | LoV - LTL | LTN | MAR | MAZ | MEl

MEL | MEP - MFI MFS | MON | MOR | MOZ | MSE | MSO | MTF | MTN

MTT | MTW | MWW | NAB NAT | NES | NON | NPO | NS OBW | OF oSl

0S0 | OWE | PAR PAU Pl | PON | RHO | RON |RRO |RsN | RTE  |RrTH |< 800 teoreticky
RUT | RWR | RWY | SAO SAS |SAT |SAV | SBE | SBN | SBS | SBT | SFE o~ .

SFF | SFG | SFH SFN SFO | SGT | SIV SOD | S0S | SSF | SS8Y | STF muze existovat
ST *STO | STT SZR TER |THO [TOL |TON |TsC |TUN | UEl UF|

oz | US| UTL VET VEI | VNI | VSV | WEl | WEN | YUG | ZON

katalyza (13)

_ pouze 18 struktur uplatnéno v primyslu!!!




ABW | ACO AEl AEL AEN AE| AFG AFI AFN e AFR AFS
AFT AFX AFY AHT ANA APC APD AST ASV ATN ATO ATS
ATT ATY AWO AWW BCT *BEA BEC BIK BOG BPH BRE CAN
CAS CDo CFI CLO CON CZP DAC DDR
DFO DFT DCOH EON EPI ERI ESV ETR
EUO EZT FAR Gy GME GON lolo; -
IFR IHW IMF WR 144% WA JBW KFI
LAU LEV Lo LTL LTN MAR MAZ ME|
MEL MEF - MFI MFS MON MOR MOZ MSE M50 MTF MTN
MTT MTW Mww NAB NAT NES NON NFO NS| QOBW OF 05|
050 OWE FAR FAL all PON RHO RON RRO RSN RTE RTH
RUT RWR RwWY SAQ SAS SAT SAV SBE SBN SBS SBT SFE
SFF SFG SFH SFN SFQ S5GT SV S0D 505 S5F SsY STF
STI *STO STT 3ZR TER THO TOL TON TSC TUN UEI UFI
uoz Us| UTL VET VFI VNI V3V WEI WEN YUG ZON

+ variabilita slozeni skeletu
+ rtizné typy kationtu
+ nove struktury

obrovska variabilita
a
potencial pro praktické aplikace

obecné zakonitosti
moznost predpoveédi

J



65 let syntetickych zeolitu

T |

zasadni dopad na materialovy
vyzkum a katalyzu

@ rozmach v&deckych aktivit

ﬁi prevrat v petrochemickém
pramyslu

@ vznik nové védecké
komumty

| lnternanonal Zeolite Association
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60 let syntetickych zeolitG  mmmsp zasadni dopad na materialovy
vyzkum a katalyzu

izc-imms2010.unime.if
C-IMMS2010.0org

L.~ 1ZC-IMMS 2010

to;-Julyd-9,.2010
. - -
o7l v " ‘
S 45 02 —F o S
- meso cturea.materia
& e
<
B

@ rozmach védeckych aktivit

@ prevrat v petrochemickém

uulgn.q.ﬂo'* : 7 o) ,'»,"- 2pTy .7.-‘:1\-:_‘) ""5 prumySlu

\imms7/
ouent:—#m 4

@B vznik nové védecké

950 prezentovanych prispévku )
komunity

730 Ucastnik
60 zemi

’l’
l International Zeolite Association
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Dékuji za pozornost
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hanoporezni,
materialy »x =, ..
A Reh 2
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Teorie
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testovaci molekula

«= specifickd adsorpce ¢i reaktivita
-+ vlastnosti citlivé na koordinaci

«+ snadna sledovatelnost




katalyza kalorimetrie

volumetrie
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Project EXCELLENCE
InDeNAC

Intelligent Design of Nanoporous
Adsorbents and Catalysts

nové/hierarchické zeolity

a—
Py Py 2012 -2018



http://marmolata.gacr.cz/
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Project EXCELLENCE
InDeNAC

Intelligent Design of Nanoporous
Adsorbents and Catalysts

4] GACR www.zeolites.cz

GRANTOVA AGENMTURA CESKE REPUBLIKY 2012 -2018
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Project EXCELLENCE
InDeNAC

Intelligent Design of Nanoporous
Adsorbents and Catalysts

adsorpce

nové/hierarchické zeolity

& GACR www.zeolites.cz

GRANTOVA AGEMTURA CESKE REPUBLIKY 2012 -2018
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