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Definition

1. Crystalline substance.
2. Framework consists of linked tetrahedra.
3. Tetrahedron consists of O atoms surrounding the
cation.
4. Framework contains open cavities.
@ 5. Cavities are usually occupied by H,O molecules and
extra-framework cations that are usually exchangeable.
2 6. The channels are large enough to pass the guest
sSpecies.
/. The framework may be interrupted.
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IZA-SC Al Codes Advanced Search~  Tools=  Other Links =

Home = Codes Help Credits
Zeolite Framework Types

Search for a Framework Type Code

Enter one character to search for a code or | |
two or more to search for a code or material name

or select one from the tables below:

Fully ordered Partially disordered
Type Materials * Type Maternals

aBW | aco| aEl | AEL | AEN | AeT | AFG | AR | AFN | AFO | AFR | AFs | AFT | ARV | aFx |

AFY | AHT | ANA | APC | APD | AST | Asv | ATN | aTO | ATs | ATT | ATv | Ave | awo | aww |

BCT | BEC | BIK | BOF | BoG | Boz | BPH | BRE | BSv | can | cas| coo| cm | ceF | cas |
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EMT | EoN | EPI | ERI | Esv | ETL | ETR | Evo | Ews | EzT | FAR | FAU | FER | FRA | aGis |
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Mso | MTF | mTN | wmrT | mTw | mvy | mwr | Mww| NaB | NAT | NES | NON | NPo | NPT | NS |

oBW | OFF | oko | osi | 0so | owe| PAR| Pau | PCR| PHI | PON | POS | Psi | PUN | RHO | 245

RON| RRO | RSN | RTE | RTH | RUT | RWR | Rwy | sAF | sao | sas| sar | sav | sBe | seN |

sBs | sBT | sew | sFE | sFr | srG | sk | sen | sFo | sFs | sew | seT | siwv | sop | soF |
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SOR | sos | ssF| ssy | stF| sn | st | stw| svR| sw | swy| szr | TER | THO | TOL |

ToN | Tsc | TuN | uel | ur | vos | uov | voz | usi | uTL | uwy| ver | vei | wmi | vsv |

wel | wen| YR | vue | zow |




Building units

; FAU Fd3m 2[45.67]+[4°.6%+[4"5.6*.12%] 1453
IZA-SC Al Codes Powder Pattern - CIF - PDF = References
TILES
Home » Codes ©» Framework Characterstic Units Help Credils
F: bol: 4°.6 4°.6° 4'.6%.12¢
Framework Type FAU AESVERY kel el B

Framework

»

Cell Paramaters: cubic Fd-3m#227) Framework images ]
a=243450A b=24 4504 &= 24.3450A {ehek an icon for langer mage) 7.] 7
a = 90.000° = 90.000° y = 90.000° V,E, F: (12,18,8) (24,36,14) (48,72,26)
Velume = 14428 BAD Symmetry: 3m 43m 43m
Ros = 0.0008 Wyckoff: 16¢ 8a 8b
Framework density (FDg): © 13.3 T/1000 A3 Label: t-hpr - t-toc __ t-fau
Topalogical density: TDyg=579 TO = 0.476130 Speci o
Ring skzes (# T-atoms): 1784 pecial features: simple
Channel dimenzionality: Topolegical {pere opening » 6-ring): 3-dimensional TILING

Maximum diameter of a sphera:

that can be includad 1124 A
that can diffuse atong a 735A b T35A ¢ T35A Viewed alang [171]
A P 747 o
Secondary Building Units: © ©6or 6-2cr Gor 42or 1-4-1or 4
Y Coemposite Bullding Units:
@ vigwed along [110]
<
afr {thor ) sod {ttoe |
Natural Tiling EEa fape bee an ‘artiat impreasion’ of a catalytic reaction
Year coode asagned 1578
Data last updated Jul 1,2007

Gopyright @ 2077 Structure Commission of the Internations! Zeolite Association (124-5C)
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IZA-SC  All Codes Framework ~ 3D Drawing~  Powder Pattern~  CIF ~ PDF~  References

P zsm5—le==

Zeolite

Mobil-five

Home » Codes » Type Materal Characteristic Units « Help Credits
Framework Type MFI
zsM5 | Limiting Rings
Chemical FormulaS:  [Na*, (H20)sl [AnSigen C1a2]-MFI, n < 27
Unit Cell®: orthorhombic Pnma#62)
a'=20.0700A b’=19.9200A ¢'= 1342004
o' =90.000*° p'=90.000° y'=90.000°

Framework density:

Channels:

References:

' 17.9 11000 A?

100110 5.1 x 5.5 <=» [010] 10 5.3 x 5.6}~
Dimensionality
Sorption {molecular cross section > 3.4A): 3-dimensional
Topological (pore opening = 6-ring): 3-dimensional

10-ning viewed along [100] 10-nng viewed along [010]

Kokotailo, G.T., Lawton, S L, Olson, D H. and Meier, W.M.
"Structure of synthetic zeolite ZSM-5"
Nature, 272, 437-438 (1978)

& Olson, D H._, Kokotailo, G.T., Lawton, S L. and Meier, W.M.
"Crystal Structure and Structure-Related Properties of ZSM-5"
J. Phys. Chem., B3, 2238-2243 (1981)
wan Koningsveld, H., van Bekkum, H. and Jansen, J.C.
"0On the location and disorder of the tetrapropylammonium (TPA) ion in zesolite ZSM-5 with improved
framework accuracy”
Acta Crystallogr., B43, 127-132 {1987)

Name and Code derivation:

Zeolite Socony Mobil - five ]

SOCO ny 4—[ — ZSM-5 (five)

= MFI

§ Chemical Formula and Unit Cell taken from the reference marked with this sign

Copyrnight © 2017 Structure Commission of the international Zealite Association (1ZA-SC)
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1ZA-SC AII Codes

Home » Codes » Framework MFI Type
F MFI Related m
Framework
Cell Parameters: orthorhombic Pnma (#62)
a=20.0900 A b=19.7380 A ¢=13.1420A
a =90.000° B =90.000° y = 90.000°
Volume = 5211.3A%
RDLS = 0.0020
Framework density (FDs;): 134 T/1000 A2
Topological density: TD4g =960 TD = 0.825819
Ring sizes (# T-atoms): 10654
Channel dimensionality: Topological (pore opening > 6-ring): 3-dimensional
Maximum diameter of a sphere:
that can be included 636 A
that can diffuse along a: 4T7TA b: 446A ¢ 446A
Accessible volume: 981 %

Secondary Building Units: = 5-1
Composite Building Units:

@

mor (t-tes ) cas

Natural Tiling t-bog-1 t-kah
f-pes t-tes

”E
nQ.A-

Framework Material

mfi (t-pen )

t-mel  t-mel-1 t-mel-2 t-mfi-1

I\/Iaterlals

v 3D Drawmg - wader Pattern = CIF = PDF = References

Material Characteristic Units ~ Help Credits

aterials MFl
’
s

Framework images
{click on icon for larger image)

framework, viewed along [100] projection along [010]

mel
t-mfi-2  t-pen

10ring straight channel complex of 10rings viewed along
]

complex of 10rings viewed along [100]

ZSM-5

FeS-1

MnS-1
Mutinaite
[As-Si-O]-MFI
[Ga-Si-O]-MFI
[Fe-Si-O]-MFI
NU-4

TSZ-111

ZBH

Encilite

AZ-1

TSZ

ZKQ-1B

TS-1

USI-108
ZMQ-TB
NU-5

TZ-01

USC-4
AMS-1B

FZ-1

LZ-105

Bor-C

Boralite C
Silicalite
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Formation
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Synthesis
QD Mixing
NaAl(OH),+Na,SiO,+NaOH +template, 25°C gel formation




Synthesis

Composition
Concentrations and reactant ratio
Order of mixing
Temperature
@ Ageing time
Crystallization time
A pH
' Stirring/No stirring

Seeding
Templates




Hypothetical zeolites

1.M. M. J. Treacy, I. Rivin, E. Balkovsky, K. H.
Randall, M. D. Foster, Enumeration of Periodic
Tetrahedral Frameworks. 11. Polynodal Graphs.
Micropor. Mesopor. Mater. 2004, 74, 121.

2.R. Pophale, P. A. Cheeseman, M. W. Deem, A
database of new zeolite-like materials. Phys. Chem.
Chem. Phys. 2011, 13, 12407.

3.Y. LI, J. Yu, R. Xu, Criteria for Zeolite Frameworks
Realizable for Target Synthesis. Angew. Chem. Int.
Ed. 2013, 52, 1673.
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IZA-SC  All Codes - Advanced Search~  Tools =

Other Links ~

Home 2 Codes Help Credits
Zeolite Framework Types

Search for a Framework Type Code

Enter one character to search for 3 code or | |

two ar more to search for a code or material name

or select one from the tables below:

Fully ordered Partially disordered
Type Materials © Type Matenals

aBw | aco | ael | aeL | aen | aeT | arG | AR | aFn | AFo | AFrR | AFs | aFT | AFv | arx |
AFY | AHT | ANA | apc | aPD | AsT | asv | atn | aTO | ATs | atT | ATv | Avi | awo | aww |
BcT | BEC | Bk | BOF | BoG | Boz | BPH | BRE | BSv | can | cas| coo| cm | ceF | ces |
JCHI_I clo| con| csv| cze | pac | por | pFo | DFT | mu]ﬂ] EAB | EDI | EBI |
EmT | EON | EPI | ERI | ES‘U]EEL]ETR]EUD]EWS]EZTJFAR]ﬂ]i} -
Glu | GME | GON | GOO‘@ o | wWR | aFT ) aru | Fw | FY | mw | mF | RN | IRR | ¥
RY | asv | me | m6 | mi | mR | T | av | mw | wr | ws | mwv | mw | uBw | unT |
Joz ) grr ) Jsn ) ysR) Jst ) usw) kA ) Lau ) Lev]) wo | 4w ) Los | Louﬂ
i1y | 1t | 1N | mar | maz | wmel | mEL | mep | MER wrs | mon [CMOR) moz | msE |
Mso | mTF | mTN | mTT | MTw | mvy | mwr | mww| NAB | NAT | NES | NON | NPO | NPT | NS |
oBw | oFf | oko| osi | oso| owe| par| Pau | Pcr| PHi | Pon| Pos | psi | Pun | RHO |
RON| RRO | RsN | RTE | RTH | RUT | RWR| RWy | saF | sao | sas| sat | sav | sBE | sBN |
sBs | sBT | sew | sFE | sk | srG | sen | sen | sro | sFs | sew | seT | sw | sop | soF |
SOR | sos| ssF| ssy| st | sm | st | stw| -svR| sw | swy| szr | TER | THO | TOL |
ToN | 1sc | TuN | uEl | um | vos | vov | voz | wusi | vt | uwy| ver | v | wwi | wvsv |

Wl | wen| YFI | vuc | zow |
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IZA-SC  All Codes work Powder Pattern =~  CIF~ PDF~  References

Home » Codes » Framework Characteristic Units = Help Credits

Framework Type LTA

Framewaork
Cell Parameters: cubic Pm-3m (#221) Framewaork images
a=119190A  b5=11.9190A  ¢=11.91904 (click on icon for larger image)
a = 90.000° = 90.000° y = 90.000°
Volume = 1693 2A3
Rpis = 0.0026
Framework density (FDg;): 14.2 TIH000 A3
Topological density: TDyp = 641 TD=0533333
Ring sizes (# T-atoms): 8364
Channel dimensionality: Topological (pore opening > 6-ring): 3-dimensional
Maximum diameter of a sphere:
that can be included 11.05A Zeo I ite A
that can diffuse along a: 421A b 421A o 421A
Accessible volume: 2143 %

Secondary Building Units: ~ 8or 4-dor 6-20r Gor 1-4-1or 4
Composite Building Units:

L
I : .
framework, showing the alpha  alpha-cage, sodalite cage and
cages 4MR
b
e
ddr {t-cub ) sod (t-toc ) ita (t-grc )
Natural Tiling t-cub  .t-grc t-toc
projection along [100]
Year code assigned 1978
Data last updated Jul 1, 2007

Copyright © 2017 Structure Commission of the International Zeolite Association (IZA-SC)
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IZA-SC All Codes Framework Material = 3D Drawing + Powder Pattern = CIF = PDF = References
Home » Codes » Framework Characteristic Units = Help Credits
Framework Type FAU

cubic Fd-3m (#227) Framework images
a=243450A  b=243450A ¢ = 2434504 (click on icon for larger image)
a = 90.000° p =90.000° y = 90.000°
Volume = 14428 8A%
RDLS = 0.0009

Framework density (FDg;): 133 T/1000 A3

Topological density: TDyp=579 TD = 0.476190

Ring sizes (# T-atoms): 12 6 4

Channel dimensionality: Topological (pore opening = 6-ring): 3-dimensional

Maximum diameter of a sphere:

that can be included 124 A
that can diffuse along a 735A b 735A o T35A
Accessible volume: 2742 %

Secondary Building Units: ©~ 6-6or 6-20r Gor £20r 1-4-10r 4
Composite Building Units:

QT

dbir (t-hpr ) sod (f-toc )

viewed along [110] Polyhedral medel viewed along

Natural Tiling t-fau thpr ttoc an “artist impression’ of a catalytic reaction

Year code assigned 1978

Data last updated Jul 1, 2007 Z eol Ite X S I/AI 1 25
L]
Copyright ©® 2017 Structure Commission of the International Zeolite Association (IZA-SC) Z e O I I teY S I / AI 2 3
L]

USY (Ultra-Stable-Y) Si/Al 5.6
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Home » Codes =» Type Matenal Characteristic Units ~ Help Credits

Framework Type MFI
Type Material
Material Name: Z5M-5 Limiting Rings
Chemical Formula¥:  [Na*, (Ho0)1g] [ASigspn Q1az]-MFI, n < 27
Unit Cell§: orthorhombic Fnma(#62)
a"= 2007004 b= 19 92004 6'= 13.4200A
o =90.000° p'=90.000° y'=90.000°

Framework density: ~ 17.9 T/1000 A

Channels: {[100]1051x 55 <> [010] 10 5.3 x 5.6
Dimensionality
Sorption (molecular cross section > 3 4A) 3-dimensional
Topological (pore opening = 6-ring): 3-dimensional

10-ning viewed along [100] 10-ring viewed along [010]

References:

Kokotailo, G.T., Lawton, S.L., Olson, D.H. and Meier, W.IM.
"Structure of synthetic zeolite Z5M-5"
MNature, 272, 437-438 (1978)
% Olson, D H_, Kokotailo, G.T.. Lawton, 3.L. and Meier, W.IM.
"Crystal Structure and Structure-Related Properties of ZSM-5"
J. Phys Chem., 85, 2238-2243 (1981)
van Koningsveld, H., van Bekkum, H_ and Jansen, J.C.

"On the location and disorder of the tetrapropylammenium (TPA) ion in zeclite Z5M-5 with improved
framework aceuracy”

Acta Crystallogr., B43, 127-132 {1987)

Name and Code derivation:

Zealite Socony Mobil - five
= ZSM-5 (five)
— MFI

§ Chemical Formula and Unit Cell taken fram the reference marked with this sign

H-ZSM-5

Copyright © 2017 Structure Commission of the International Zealite Association ([ZA-SC)
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Si, Al, Be, Mg, P, Ti, Mn, Fe,
Zn, Ga, Ge, Co, B, Li, As

Channels
&
cavities

\Various

Many T-atoms
actives
centers

Kt-
exchange

Adsorbents
Molecular sieves
Catalysis
Kt-exchange




Applications: catalysis




Applications: catalysis

Zeolite Y (FAU) 300 000 t




Applications: catalysis

H-ZSM-5 (MFI)

“Polyester” industry

CHs CHs;
& CF @
CHs;

ortho-xylene meta-xylene
(1,2-dimethylbenzene) (1,3-dimethylbenzene)

CH;

CH;

para-xylene
(1,4-dimethylbenzene)




Applications: catalysis

Methanol to Gasoline (MTG) Process

H-ZSM-5 (MFI)




Applications: catalysis

Methanol to Olefins (MTO) Process
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Applications: Chemical oxidation
TS-1 (MFI)




Applications: Photo-oxidation




Application: “Ship 1n a bottle” complex

NS/
1

Wi




Applications: “Ship in a bottle” complex
Zeolite Y (FAU) Photo-catalysts

s,

=

2,4,6-triphenylthiapyrylium cation

0 0
{ HNO, O\ /
e >C—CH2—CH2—CH2—CH2—C<
> HO OH




Applications: Kt-exchange

Zeolite A (LTA)
2 1,400 000 t




Applications: Kt-exchange
@,@







Applications: Agriculture




Applications: Adsorption

Clinoptilolite (HEU)
Zeolite A (LTA)

@@’/_

Organic
Partitioning

Zeolite Surface




Applications: Anion adsorption
Ag*-Zeolite+tNal—Na*-Zeolite+Agl |
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Applications: Adsorption
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@ Applications: Molecular sieves
P p2s
‘o




Applications: Molecular sieves

HL By

: @ Zeolite A (LTA)  Zeolite Y (FAY)  H-ZSM-5 (MFI)
; Drying agent
Hydrocarbon sieving

Separation of gases
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