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Structure Determination of Zeolite by XRD Method

Masanao KATo

Toyohashi University of Technology

Some topics about structure determination of zeolite are outlined. Especially, they include
the determination of non-framework cation sites, and the application of anomolous scattering

of X-ray to zeolite science.

Key words: Zeolites, Powder XRD, Rietveld refinement, Anomorous scattering, Cation sites.
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Measurements of Zeolite Acidity by the Methods
of Temperature Programmed Desorption of Ammonia and
of Infrared Spectroscopy of Adsorbed Pyridine

Miki Niwa
Department of Meterials Science, Faculty of Engineering, Tottori University

Recent progress of temperature programmed desorption (TPD) of ammonia to measure
the zeolite acidity was summarized. First, details of the experimental apparatus and measure-
ment cell were mentioned. The quantiative method to measure the amount and strength of
zeolite acidity was then shown. The desorption peak at higher temperature was ascribable to
ammonia molecule which had been adsorbed on the acid sites. A theoretical equation for the
TPD on zeolites was derived; based on this equation, the strength of zeolite acidity was able
to be determined. In addition, one-point method to determine the strength of acidity was
proposed. Infrared spectroscopyic methods using pyridine adsorption to discriminate between
Br¢nsted and Lewis acid site were also mentioned.

Key words: Acidity, Temperature programmed desorption, Ammonia, Pyridine, Infrared

spectroscopy.
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Studies on Zeolites by Adsorption Calorimetry

Kazuo Tsursumr
Toyohashi University of Technology

Heats of adsorption, their thermodynamical definition and their direct measurement, as
well as their application for zeolite characterization were briefly reviewed.

Adsorption characteristics of zeolites are characterized by the presence of regular pore
structure called nano-space and also of active adsorption sites. The former contributes to the
adsorption of pore filling type with van der Waals interaction and the latter to the specific
adsorption with higher interaction energy. Analysis of heats of adsorption of a variety of
adsorbates can lead to the characterization of zeolite surfaces with regards to their polarity
(hydrophilicity-hydrophobicity), acid-base character, surface energy distribution, adsorbed
states and so on.

Key words: Zeolite, Nano-space, Adsorption, Calotimetry, Heats of Adsorption.
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Application of Solid-State NMR to Zeolites — Recent Topics —

Shinichi Nakarta
Chiyoda Corporation, R & D Center

Within about 15 years, high-resolution solid-state NMR has developed and has been wide-
spread into an effective means of elucidating suitable detail information on the micro-environ-
ments of a range of various types of solid materials including zeolites and their families. For
example, it is possible to calculate the silicon to aluminum ratio of zeolitic framework from
the 29Si-magic angle spinning (MAS) spectrum, while the 27 A-MAS spectrum gives information
on the cordination states. In this review, a backgroud of progress of solid-state NMR in rela-
tion to an advant of new zeolitic materials was briefly summarized. Moreover the usefulness
of the doble rotation (DOR) NMR, new meaningful technique which averages the anisotropy
of the second-order quadrupolar interactions, and the applicability to the distinction of A-O
sites of zeolites were described by comparison with usual MAS method.

Key words: Solid state NMR, Double rotation NMR, Zeolite, Aluminophosphate, Characteri-
zation. ’
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Electron Microscopic Observations of Zeolites

Osamu TERASAKI
Department of Physics, Faculty of Science, Tohoku University

Recent observations of fine structures of zeolites, by using SEM and TEM techniques, are
reviewed by showing some examples. As for SEM images, traces of external surface twin
planes in FAU single crystals and crystal morphologies of LTA single crystals are shown. Also,
HREM images which disclose planar defects in LTL, symmetry elements of MFI, and for
FAUs surface steps, twin planes and dealumination effects are shown.

Key words: Electron microscopy, Fine structures of zeolites, Defects, Dealumination, Surface
steps.
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Characterization of Zeolites by XPS

Yasuaki OxamoTO
~ Department of Chemical Engineering,
Faculty of Engineering Science, Osaka University

Recent applications of XPS techniques to zeolites are reviewed to show characteristics of
external and inner pore surfaces. The surface composition of zeolite is dependent on a syn-
thesis method and particle size and strongly modified by dealumination procedures and
surface modifications. XPS provides important information on the electronic structure and
chemical bondings of zeolites. It is reported that the Ols binding energy decreases, that is,
the electron density of framework oxygen increases with the increase in the Al-content or
with the decrease in the electronegativity of the extraframework cation. Bonding models of
zeolites proposed in literature are critically reviewed. The basicity of zeolite can be evaluated
by an XPS study of pytrol adsorption. The framework oxygens adjacent to the cation are
proposed to be strongly basic. The acidic nature is characterized by pyridine adsorption.
The N1s binding energy depends on acid form (L or B) and acid strength. Catalytic properties
of zeolite are briefly discussed on the basis of the XPS characterization.

Key words: XPS, Zeolite, Surface composition, Bonding nature, Basic sites, Acidic sites,
Catalysis.
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Surface Observation and Structural Characterization of Zeolites

by Atomic Force Microscopy

Masaharu Komiyama
Department of Chemistry, Yamanashi University

Reports on surface observations of six natural zeolites by atomic force microscopy (AFM)
were reviewed. All these works appear to have achieved atomistic resolution, although there
seems to be some controversy as to the interpretation of the AFM images obtained. The
surface structures of these natural zeolites, including the ones possibly caused by adsorption,
were discussed in light of the AFM images obtained under various liquids as well as under

ambient conditions.

Key words: Zeolite, Atomic force microscope, Surface structure, Adsorption.
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Fig. 1 Na decay plots for clinoptilolite (Na
=1.54%) from Nakanosawa tuff”) under a
stationaly electron microprobe beam using
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Fig. 3 Na plots of clinoptilolite (Na=1.54%)
from Nakanosawa tuff?”) under electron
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Fig. 4 Si: (Al+Fe) diagram of clinoptilolite-heulandite series from
burial diagenesis analyzed by wet process. (left): original data,
(right): Al corrected. Straight line indicates Si+ Al+Fe=36.00.
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Evaluation of Natural Zeolite Compositions Analyzed by Different Methods
— A Case Study of the Clinoptilolite-Heulandite Series Zeolite —

Shigenori OcHARA
Geological Institute, University of Tokyo

Chemical compositions of zeolites have been analyzed by many researchers with various
methods, such as wet chemical process, EPMA and XRF. Author try to evaluate the different
analytical methods and correct the data analyzed on the basis of the evaluation. In the case
of wet chemical process and EPMA, the corrected Al and Na values are more acceptable than
original one respectively.
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US 5207734 : ENGINE EXHAUST SYSTEM FOR REDUCTION OF HYDROCARBON EMISSIONS (Corning)

S 5207806 : DUAL PRODUCT PRESSURE SWING ADSORPTION AND MEMBRANE OPERATIONS (Praxair Technology)

US 5207892 : HYDROCARBON CONVERSION PROCESS EMPLOYING A MODIFIED RORM OF ZEOLITE Y (UOP)
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(Research Association for Residual 0il Processing)
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US 5208387 : TWO STAGE PROCESS FOR PRODUCTION OF DIISOPROPYL ETHER (Mobil)

US RE34250 : PROCESS FOR REGENERATING SULFUR CONTAMINATED REFORMING CATALYSTS (Chevron)

US 5209061 : EXHAUST GAS PURIFICATION SYSTEM FOR AN INTERNAL COMBUSTION ENGINE (Toyota)

US 5209185 : ARTIFICIAL LITTER FOR PETS CUMPRISING TAPIOCA ()

US 5209838 : PURIFICATION OF AN OIL-CONTAINING LI1QUID USING A SURFACE TREATED PERMEABLE INORGANIC
MEMBRANE (Aluminum)

US 5209918 : SYNTHESIS OF CRYSTALLINE ZSM-5-TYPE MATERIAL (Mobil)

US 5210308 : PROCESS FOR THE PRODUCTION OF MODIFIED H-MORDENITE, CATALYST COMPRISING SAID
H-MORDENITE AND PROCESS FOR THE SYNTHESIS OF METHYLAMINE WITH THE USE OF THE SAME
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US 5210330 : PROCESS FOR THE PREPARATION OF PHENYLHYDROQUINONE (Eastman Kodak)

US 5210333 : BENZENE REMOVAL FROM HYDROCARBON STREAMS {(Exxon)

US 5210347 : PROCESS FOR THE PRODUCTION GF HIGH CETANE VALUE CLEAN FUELS (Mobil)

US 5210348 : PROCESS TO REMOVE BENZENE FROM REFINERY STREAMS (Chevron)

US 5210350 : METHOD OF PREPARING AN ALKYLATED AROMATIC PRODUCT WITH AM ALKYLATION ZEOLITE AND A
DEALKYLATION ZBOLITE (Michelin Recherche et Technique)

US 5210356 : TOLUENE DISPROPORTIONATION EMPLOYING MODIFIED OMEGA ZEOLITE CATALYST (Fina Technology)

US 5211010 : EXHAUST GAS PURIFICATION SYSTEM FOR A DIESEL ENGINE (Toyota)

US 5211758 : CHEMICAL VAPOR DEPOSITION APPARATUS (Mitsubishi Denki)

US 5211837 : CATALYTIC REFORMING PROCESS WITH SULFUR PRECLUSION (UOP)

US 5211870 : MALODOR-FREE CLEANSING BAR COMPOSITION CONTAINING ZEOLITE ODOR CONTROLLING AGENT
(Procter & Gamble)

US 5211929 : PROCESS FOR THE THERMAL ACTIVATION OF ZEOLITES AND RESULTANT PRODUCTS (Ceca)

US 5211931 : REMOVAL OF ETHYLENE FROM SILANE USING A DISTILLATION STEP AFTER SEPARATION USING A
ZEOLITE MOLECULAR STEVE (Bthyl Corp)
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5215736 :
: CATALYST CONTAINING A ZEOLITE, A NOBLE METAL FROM THE FAMILY OF PLATINUM, AN ALKALI
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SYNTHESIS OF CRYSTALLINE MORDENITE-TYPE MATERIAL (Mobil)

PROCESS FOR REACTIVATING A DEACTIVATED DEHYDROCYCLODIMERIZATION CATALYST (UOP)
LOW PRESSURE DROP FILTER (Innovative Research Enterprises)

PRESSURE SWING SORPTION SYSTEM AND NETHOD (Pall)

PROCESS FOR OPTIMIZING THE REMOVAL OF NOX AND SOX FROM GASES UTILIZING LANTHANIDE
COMPOUNDS (Gas Desulfurization Corp)

SYNTHESIS OF CRYSTALLINE SILICATE ZSM-11 (Mobil)

10N EXCHANGE MEDIA OF BONDED NATURAL ZEOLITE FINES (-)

STABILIZED POLYPROPYLENE RESIN COMPOSITION (Sumitomo Chemical)

METHOD FOR ONE-STEP SYNTHESIS OF METHYL T-BUTYL ETHER (Texaco)

METHOD ROR IMPROVING THE ARCHIVAL PROPERTIES OF PROCESSED PHOTOGRAPHIC FILM IN A STORAGE
ASSEMBLY FOR ACHIBVING THE SAME (Eastman Kodak)

HYDROCARBON CONVERSION PROCESSES USING SSZ-31 (Chevron)

METHOD OF MAKING ACTIVATED CARBON AND GRAPHITE STRUCTURES (Corning)

MORDENITE TYPE ZBOLITE AND ITS PREPARATION PROCESS (Institut Francais du Petrole)

METAL OF AN ALKALINE EARTH METAL AND AN ADDITIONAL METAL, AS WELL AS THE USE THEREOF IN
THE AROMATIZATION OF HYDROCARBONS CONTAINING 2 TO 4 CARBON ATOMS PER MOLECULE (-)
STABILIZER COMPOSITIONS FOR HALOGEN-CONTAINING POLYMERS AND POLYMER COMPOSITIONS
CONTAINING SAME (Vista Chemical)

NON-TOXIC STABILIZING AGENT FOR AQUEOUS SUSPENSIONS OF SODIUM SILICO-ALUMINATES

(Coatex Ste)

METHOD FOR MAKING CONDUITS HAVING A SHOCK ABSORBING SHELL (Progressive Polymerics)
PROCESSES FOR REGENERATING CATALYSTS CONTAMINATED WITH CARBONACEOUS MATERIALS (ABB
Lummus Crest)

L1QUID PHASE PROCESS FOR DIMETHYL ETHER SYNTHESIS (Air Products and Chemicals)
HARDENING AGENT COMPOSITION, METHOD OF PREPARING THE SAME AND THERMOSETTING EPOXY RESIN
COMPOSITION BASED ON SURFACE TREATED ZEOLITES (Somar)

PROCEDURE FOR THE PREPARATION OF NITROXYL RADICALS OF STERICALLY HINDERED AMINES
(Enichem Sintesi)

PYRIDINE BASE SYNTHESIS PROCESS AND CATALYST FOR SAME (Reilly Industries)

METHOD OF PURIFYING THE EXHAUST GASES FROM PLANTS FOR THE PRODUCTION OF CEMENT CLINKER
(Krupp Polysius)

CATALYST AND METHOD FOR CATALYTICALLY DECOMPOSING NITROGEN OXIDES (Tosoh)

SYNTHESIS OF CRYSTALLINE MORDENITE-TYPE MATERIAL (Mobil)

SYNTHESIS OF CRYSTALLINE MORDENITE-TYPE MATERIAL (Mobil) :

ONE STEP SYNTHESIS OF METHYL T-BUTYL ETHER FROM T-BUTANOL USING FLUOROPHOSPHORIC ACID-
MODIFIED ZEOLITE CATALYSTS (Texaco)

CHROMIA ON METAL OXIDE CATALYSTS FOR THE OXIDATION OF METHANE TD METHANOL (Sun)
CATALYTIC PROCESSES IN THE PRESENCE OF ZEOLITES OF INCREASED INTERNAL ACID ACTIVITY AND
DECREASED EXTERNAL ACID ACTIVITY (Mobil)

OLEFIN UPGRADING BY SELECTIVE CATALYSIS (Mobil)

PURIFICATION OF A HYDROCARBON FEEDSTOCK USING A ZEOLITE ADSORBENT (Exxon)
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9221648 :
5223022 :

5223145 :
9223237 :
5223240 :
5223589 :
5223601 :

5224975 :
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5225383 :
5225572 :
9225580 -
5225602 :
9225609 :
5226933 :
5227022 :

9227086 :
5227351 :
5227352 :

5227529 :
5227534 :
9227585 :
5227557 :

5227558 :

5227564 :
5227569 :
5228888 :
5228979 :
5228980 :
5229018 :
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PROCESS FOR SEPARATING NORMAL OLEFINS FROM NON-NORMAL OLEFINS (UOP)

ARGON RECOVERY FROM ARGON-OXYGEN-DECARBURIZATION PROCESS WASTE GASES (BOC)

APPARATUS FOR TREATING INDOOR AIR (North Carolina Center for Scientific Research)
ADSORBENT TEXTILE RPODUCT (Kem-Wove)

HIGHLY ATTRITION RESISTANT MESOPOROUS CATALYTIC CRACKING CATALYSTS (Exxon)
ION-EXCHANGE AGENT AND USE THEREOF IN EXTRACTING HEAVY METALS FROM AQUEOUS SOLUTIONS
(Engelhard)

REMOVAL OF MERCURY FROM PROCESS STREAMS (UOP)

PROCESS FOR REMOVING SULFUR OXIDES FROM A GAS STREAM (Lehigh University)

METHOD OF PREPARING ZEOLITE Y (Degussa)

PROCESS FOR SEPARATING DURENE FROM SUBSTITUTED BENZENE HYDROCARBONS (UOP)

PHENOLIC COMPOUNDS CONTAINING/NEUTRAL FRACTIONS EXTRACT AND PROBUCTS DERIVED THEREFROM
FROM FRACTIONATED FAST-PYROLYSIS GILS {Midwest Research Institute Ventures)

LITTER BOX DEODORIZER (-}

REFORMING/DEHYDROCYCLIZATION CATALYSTS (UOP)

SKIN PH FREEZER BAR AND PROCESS (Procter & Gamble)

NEUTRAL PH FREEZER BAR AND PROCESS (Procter & Gamble)

METHOD OF MAKING MOLECULAR SIEVES (Chevron)

DISTILLATE HYDROGENATION CATALYST (Amoco)

PROCESS FOR PRODUCING PYROMELLITIC DIANHYDRIDE (Nippon Steel Chemical)

PROCESS FOR SEPARATING FATTY ACIDS AND TRIGLYCERIDES (UOP)

PHENYLACETALDEHYDES AND THE PREPARATION OF PHENYLACETALDEHYDES (BASF)

PRODUCTION OF TERTIARY ALKYL ETHER USING IMPROVED ZEOLITE CATALYST (Mobil)

PRESSURE SWING ADSORPTION SYSTEM TO PURIFY OXYGEN (Ohio State Universtity)

PROCESS FOR INCREASING PULP BRIGHTBESS WITH ZEOLITES AND EASILY DECOMPOSABLE ORGANIC
CHELATING AGENTS (Degussa)

FRAMED SKIN PH CLEANSING BAR (Procter & Gamble)

SORBENT FOR USE IN HOT GAS DESULFURIZATION (U S of America Energy Department)

CATALYST COMPOSITION FOR CATALYTIC CRACKING OF HYDROCARBON OIL AND PROCESS FOR PRODUCING
THE SAME (Petroleum Bnergy Center Foundation)

PROCESS FOR THE ACYLATION OF NAPHTHYL ETHERS WITH THE AID OF ZEOLITE CATALYSTS (Hoechst)
ETHER PRODUCTION WITH MULTI-STAGE REACTION OF OLEFINS (Mobil)

PRODUCTION OF GASOLINE FROM LIGHT HYDROCARBONS (ABB Lummus Crest)

PROCESS FOR THE AROMATIZATION OF HYDROCARBONS CONTAINING 2 TO 4 CARBON ATOMS PER MOLECUL
MOLECULE (Institut PFrancais du Petrole)

AROMATIC ALKYLATION PROCESS EMPLOYING STEAM MODIFIED ZEOLITE BETA CATALYST (Fine Techno-
logy)

PROCESS FOR THE PREPARATION OF TERTIARY OLEFINS (Dairen Chemical)

SKELETAL ISOMERIZATION OF N-BUTYLENES TO ISOBUTYLENE ON BORON-BETA ZEOLITES (Texaco)
ECONOMICAL AIR SEPARATOR (BOC)

HYDROCRACKING WITH A CATALYST CONTAINING A NOBLE METAL AND ZBOLITE BETE (Union 0il)
FLUIDIZED CATALYTIC CRACKING PROCESS BMPLOYING SHELL-COATED FCC CATALYSTS (Engelhard)
COMPLETION AND WORKOVER FLUID FOR OIL AND GAS WELLS COMPRISING GROUND PEANUT HULLS (-)
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LINEAR VISCGELASTIC AQUEOSOUS LIQUID AUTOMATIC DISHWASHER DETERGENT COMPOSITION (Colgate
-Palmolive)

RECOVERY OF FLAMMABLE MATERIALS FROM GAS STREAMS (BOC)

CRYSTALLINE OXIDE MATERIAL (Mobil)

TWO-COMPONENT EPOXY RESIN COMPOSITIONS (Mitsui Petrochemical)

METHOD FOR MANUFACTURE OF AN ABSORBENT RESIN (Nippon Shokubai Kagaku Kogyo)

APPARATUS AND METHOD FOR CONTROLLING VAPGR PHASE WITHIN AN ENCLOSURE (IBM)

HYDROCARBON CONVERSION PROCESSES USING MODIFIED ZEOLITE OMEGA (UOP)

STABLE AGROCHEMICAL COMPOSITIONS INCLUDING ALPHA-UNSATURATED AMINE DERIVATIVE AND ACID
INCORPORATED INTO A CARRIER (Takeda Chemical)

COMPOSITE ADSORBENT AND PROCESS FOR PRODUCING SAME (Toyota)

CRACKING CATALYSTS COMPRISING PHOSPHORUS AND METHOD OF PREPARING AND USING THE SAME
(Mohbil)

SYNTHESIS OF 4-METHYL THIAZOLE (Merck)
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