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Selective Catalytic Reduction of Nitrogen Oxides with Hydrocarbons
on Zeolite Catalysts

Katsunori Yoco* and Eiichi KikucHi
* Advanced Research Center for Science and Engineering,
Department of Applied Chemistry, School of Science and Engineering,
Waseda University, 3-4-1 Okubo, Shinjuku-ku, Tokyo 169

The reduction of nitrogen oxides (NO,) to molecular nitrogen is an important task for
environmental chemistry. Recently, selective catalytic reduction (SCR) of NO by hydrocar-
bons in oxygen-rich atmosphere has attracted considerable attention as a new type of reaction
alternative for traditional NH3-SCR process. This reaction was reported to proceed on various
cation-exchanged zeolites, metallosilicates, Al,03, and SiO,-Al,03, when hydrocarbons were
used as reductant. These studies showed that oxygen was a necessary component for this
reaction system. The recent progress of the zeolite catalysts for selective reduction of NO by
hydrocarbons were reviewed.

Key words: Selective reduction, Nitrogen oxides, Zeolite, Hydrocarbons.
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Z. Krist., 145,

Occurrence and Genesis of Natural Zeolites (2)
Relationship between Zeolite and Host Rock

Minoru Utapa
University Museum, University of Tokyo

The relationship between zeolites and host rocks seems to be different, according to genesis
of zeolites. The host rock of “zeolitic rocks” which are mainly formed by diagenesis and
contact metamorphism is restricted to rhyolitic to dacitic volcaniclastic rocks and related ones.
While, the host rock of large-crystalline zeolites which are mostly formed hydrothermally is
various—igneous, volcaniclastic, metamorphic and sedimentary rocks. The most common one
is basalt flows which contain a large amount of amygdals and cavities within pillows, breccias
and matrix. Alkalic rocks seem to be the favourable host rock for some zeolites such as

analcime.

Recently, zeolites occuring in clastic sediments were found in Neogene formations of the
Fossa Magna Region, central Japan. Zeolites mainly occur as filling in faults, fractures and

joints, and sometimes as veinlets.
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[0S patent]

ABATEMENT PROCESS FOR CONTAMINANTS

Inventors: Grawe John (US)

Assignee: Unassigned Or Assigned To Individual Assignee Code: 68000
Patent(No,Date);Applic(No,Date): US 5421897 950606 US 914386 920717

CATALYTIC HYDRODECHLORINATION OF A CHEOROMETHANE

Inventors: Sherif Fawzy G (US)

Assignee: Akzo Nobel N V NL Assignee Code: 33913
patent(No,Date);Applic(No,Date): US 5426252 950620 US 138291 931015

PROCESS FOR THE SIMULTANEQUS PRODUCTION OF 1,2- AND 1,3-PROPANEDIOL

Inventors: Arntz Dietrich (DE); Girke Walter (DE); Haas Thomas (DE): Klenk
Herbert (DE); Neher armin (DE)

Assignee: Degussa DE Assignee Code: 23568

Patent(No,Date);applic(No,Date): US 5426249 950620 US 151389 931112

DEALUMINATION AND SELECTIVE REMOVAL OF ORGANIC MATERIAL FROM ZEOLITES
Inventors: Komarneni Sridhar (US); Malla Prakash B (US)

Assignee: Gas Research Institute Assignee Code: 04476
Patent(No,Date);Applic(No,Date): US 5425934 950620 US 172769 931227

METHOD FOR PREPARING CRYSTALLINE MATERIALS USING HETEROBRIDGED
AZA-POLYCYCLIC TEMPLATING AGENTS

Inventors: Nakagawa Yumi- (US)

Assignee: Chevron Res and Tech Co A Div of Chevron U S
Patent(No,Date);Applic(No,Date): US 5425933 950620 US 193375 940208

PROCESS FOR RECOVERY AND. PURIFICATION OF REFRIGERANTS WITH SOLID SORBENTS
Inventors: Cohen Alan P (US); Dunne Stephen R (US); Staniulis Mark T (US)
Assignee: UOP Assignee Code: 20295

Patent(No,Date);Applic(No,Date): US 5425242 950620 US 227431 940414

PURIFICATION OF OXYGEN BY CRYOGENIC ADSORPTION

Inventors: Jain Ravi (US); LaCava Alberto (US)

Assignee: BOC Group Inc The Assignee Code: 10093

Patent(No,Date) ;Applic(No,Date): US 5425240 950620 US 955521 921001

METHOD TO OPTIMIZE PROCESS TO REMOVE NORMAL PARAFFINS FROM KEROSINE
Inventors: Chimenti Robert J L (US); Halpern Gerald M (US)

Assignee: Exxon Research and Engineering Co Assignee Code: 28200
Patent(No,Date);Applic(No,Date): US 5424542 950613 US 125061 930921

STABLE, HIGH-YIELD REFORMING CATALYST

Inventors: Bogdan Paula L (US); Boldingh Edwin P (US); Galperin Leonid B
(us) :

Assignee: UOP Assignee Code: 20295

Patent{No,Date) ;Applic{MNo,Date): US 5464800 951107 US 378117 950124

ZECOLITE NU-85 CATALYST

Inventors: Casci John L (GB); Lake Ivan J S (GB); Shannon Mervyn D (GB)
Assignee: Imperial Chemical Industries Ltd GB Assignee Code: 41248
Patent(No,Date);applic(No,Date): US 5464799 951107 US 338142 941109

CERAMIC-ZEOLITE COMPOSITE MEMBRANES AND USE FOR SEPARATION OF VAPOR/GAS
MIXTURES :

Inventors: Falconer John L (US); Jia Meng-Dong (CN); Noble Richard D (US)
Assignee: Unassigned Or Assigned To Individual Assignee Code: 68000
Patent(No,Date);Applic(No,Date): US 5464798 951107 US 201472 940224



156 ¥4 74 F (32)

METHOD FOR REMOVING A CONTAMINANT FROM A FLUID USING A CHEMICALLY
IMPREGNATED AND COATED ZEOLITE

Inventors: Klatte Fred (US)

Assignee: Unassigned Or Assigned To Individual Assignee Code: 68000
Patent(No,Date);Applic(No,Date): US 5464598 951107 US 150438 931110

PROCESS FOR PRODUCING SPHERICAL ZEOLITE CATALYST aAND APPARATUS FOR

PRODUCING THE SAME

Inventors: Inoue Shinichi (JP); Kumata Fumio (JP); Makabe Toshiji (JP);
Nozaki Hitoshi (JP); Takahashi Kazuo (JP)

Assignee: Chiyoda K K JP; Mitsubishi 01l Co Ltd JP Assignee Code: 13837

Patent(No,Date);Applic(No,Date): US 5464593 951107 US 273874 940712

HYDROCRACKING PROCESS FOR PRODUCING MIDDLE DISTILLATES

Inventors: Ward John W (US)

Assignee: UOP Assignee Code: 20295

Patent(No,Date);Applic(No,Date): US 5464527 951107 US 253622 940603

ADSORPTIVE SEPARATION OF NITROGEN FROM OTHER GASES

Inventors: Bulow Martin (US); Fitch Frank R (US); 0jo Adeola F (US)
Assignee: BOC Group Inc The Assignee Code: 10093
Patent(No,Date);Applic(No,Date): US 5464467 951107 US 287324 940808

HEAT CASCADING REGENERATIVE SORPTION HEAT PUMP

Inventors: Jones Jack A (US)

Assignee: California Institute of Technology Assignee Code: 13190
Patent(No,Date);Applic(No,Date): US 5463879 951107 US 177291 940104

SKELETAL ISOMERIZATION OF N-PENTENES TO ISOPENTENE ON PRETREATED ZEQOLITES

Inventors: Kuhlmann Erven J (US); Pascoe James R {(US); Thom Christopher J
(us)

Assignee: Texaco Inc Asslghee Code: 83832

Patent(No,Date);Applic(No,Date): US 5463160 951031 US 112999 930830

PROCESS FOR PREPARING 3-METHYL-2-PENTENE

Inventors: Hendriksen Dan E (US); Keenan Michael J (US); McGlamery Gerald G
(US); Pete Derrick D (US)

Assignee: Exxon Chemical Patents Inc Assignee Code: 14518

Patent(No,Date);Applic(No,Date): US 5463157 951031 US 146374 931029

UPGRADING OF CYCLIC NAPHTHAS

Inventors: Bricker Jeffery C (US); Galperin Leonid B (US); Holmgren
Jennifer S (US)

Assignee: UQP Asslignee Code: 20295

Patent(No,Date) ;Applic(No,Date): US 5463155 951031 US 151692 931115

ARSINE AND PHOSPHINES AS ACETYLENE CONVERTER MODERATORS

Inventors: Mayo Stephen M (US); Mohundro Edgar L (US); Slim David R (US)
Assignee: Exxon Chemical Patents Inc Assignee Code: 14518
Patent(No,Date) ;Applic(No,Date): US 5463154 951031 US 263986 940622

PROCESS FOR THE PRODUCTION OF 0OX0O PRODUCTS

Inventors: Dao Loc H (US); Ramachandran Ramakrishnan (US)

Assignee: BOC Group Inc The Assignee Code: 10093

Patent(No,Date) ;Aapplic(No,Date): US 5463137 951031 US 231546 940422

INTEGRATED PROCESS FOR EPOXIDE PRODUCTION

Inventors: Rodriguez Carmen L (US); Zajacek John G (US)

Assignee: Arco Chemical Technology Inc Assignee Code: 20082
Patent(No,Date);Applic(No,Date): US 5463090 951031 US 330057 941027

NEUTRALIZATION OF CRUDE. MTBE EFFLUENT STREAMS USING SOLID BASES

Inventors: Kpnifton John F (US); Mueller Mark & (US); Peters Michael W (US)
Assignee: Texaco Chemical Inc

Patent(No,Date);Applic(No,Date): US 5457243 951010 US 172345 931223
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MANUFACTURE OF IMPROVED ZEOLITE BETA CATALYST

Inventors: Absil Robert P L (US); Degnan Thomas F (US); Hatzikos George H
(US); Kowalski Jocelyn a (US); Mebrahtu Thomas (US); Yokomizo Grant H
(us)

Assignee: Mobilil 0il Corp Assignee Code: 56432

Patent(No,Date);Aapplic(No,Date): US 5457078 951010 US 158325 931129

DISPENSIBLE POWDER DETERGENT

Inventors: Flower David M (US)

Assignee: Amway Corp Assignee Code: 04103
Patent{No,Date);applic(No,Date): US 5456854 951010 US 175695 931230

FLUID TO PASTY WASHING AGENT CONTAINING BLEACH

Inventors: Amberg Guenther (DE); Paillau Jean-Marie (FR); Schulz Paul (DE);
Trabitzsch Uwe (DE)

Assignee: Henkel KGaA DE Assignee Code: 01324

Patent(No,Date);Applic(No,Date): US 5456850 951010 US 690897 910814

CATALYST OF THE GALLOALUMINOSILICATE TYPE CONTAINING GALLIUM, A NOBEL METAL

OF THE PLATINUM FAMILY AND AT LEAST ON ADDITIONAL METAL, AND ITS USE IN THE

AROMATIZATION OF HYDROCARBONS

Inventors: Alario Fabio (FR); Joly Jean-Francois (FR); Le Peltier Fabienne
(FR); Marcilly Christian (FR)

Assignee: Institut Francais du Petrole FR Assignee Code: 31969

Patent(No,Date);Applic(No,Date): US 5456822 951010 US 141000 931026

CATALYTIC CONVERSION WITH IMPROVED CATALYST

Inventors: Absil Robert P L (US); Kowalski Jocelyn & (US)

Assignee: Mobil 01l Corp Assignee Code: 56432
Patent(No,Date);applic(No,Date): US 5456821 951010 US 291803 940817

CATALYTIC DEWAXING PROCESS FOR PRODUCING LUBRICATING OILS

Inventors: Bortz Robert W (US); Forbus Thomas R Jr (US); Kyan Chwan P (US);
LaPierre Rene B (US); Shihabi David S (US)

Assignee: Mobil 0il Corp Assignee Code: 56432

Patent(No,Date);applic(No,Date): US 5456820 951010 US 812312 911223

HYDROGENATED PRODUCTS OF THERMOPLASTIC NORBORNENE POLYMERS, THEIR

PRODUCTION, SUBSTRATES FOR OPTICAL ELEMENTS OBTAINED BY MOLDING THEM,

OPTICAL ELEMENTS AND LENSES

Inventors: Hosaka Tohru (JP); Kohara Teiji (JP); Koushima Yuji (JP); Mizuno
Hideharu (JP); Natsuume Tadao (JP)

Assignee: Nippon Zeon Co Ltd JP Assignee Code: 59991

Patent(No,Date);Applic(No,Date): US 5462995 951031 US 146101 931116

POLYPROPYLENE RESIN COMPOSITION HAVING AN IMPROVED COMPATIBILITY WITH
PAINT-COATINGS AND A PAINT-COATED ARTICLE THEREQF

Invensors: ShiRenageHideo (IR ) Sogabe Saters (IP)-

Assignee: Sumitomo Chemical Co Ltd JP Assignee Code: 81537
Patent(No,Date);Applic(No,Date): US 5462987 951031 US 161274 931203

PROCESS FOR TREATING POLYETHER POLYOLS

Inventors: Gaffney anne M (US); Jones C Andrew (US)

Assignee: Arco Chemical Technology Inc Assignee Code: 20082
Patent(No,Date);Applic(No,Date): US 5462971 951031 US 197039 940216

PROCESS OF MAKING DEHYDROGENATION CATALYSTS BY OXIDIZING AND SULFIDING

CATALYTIC METAL ON A NONACIDIC SUPPORT

Inventors: Durante Vincent A (US); Huang Chen-Shi (US); Marcus Bonita K
(US); Resasco Daniel E (US)

Assignee: Sun Co Inc R&M

Patent(No,Date);Applic(No,Date): US 5462904 951031 US 316658 940930
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HYDROGEN TRANSFER AND ISOPARAFFIN-OLEFIN ALKYLATION PROCESS

Inventors: Hellring Stuart D (US); Huss Albin Jr (US); Thomson Robert T
(us)

Assignee: Mobil D1l Corp Assignee Code: 56432

Patent(No,Date) ;Applic(No,Date): US 5461182 951024 US 228769 940418

HETEROGENEQOUS CATALYTIC OLIGOMERIZATION OF NORBORNENE

Inventors: Audeh Costandi & (US); Boulton James R (US); Kremer Ross A (US);
Xiong Yusheng (US)

Assignee: Mobil 011 Corp Assignee Code: 56432

Patent(No,Date);Applic(No,Date): US 5461181 951024 US 239190 940505

CATALYTIC NORBORNYLATION OF AROMATICS

Inventors: Audeh Costandi A (US); Boulton James R (US); Kremer Ross A (US);
Xiong Yusheng (US)

Assignee: Mobilil 0il Corp Asslignee Code: 56432

Patent(No,Date);Applic(No,Date): US 5461180 951024 US 239189 940505

HIGH~-STABILITY CATALYST CONTAINING A PLATINUM GROUP METAL AND NICKEL ON
ZEOLITE L AND A BINDER

Inventors: Bradley Steven A (US); Galperin Leonid B (US)

Assignee: UOP Assignee Code: 20295

Patent(No,Date);applic(No,Date): US 54610186 951024 US 291641 940817

PROCESS FOR PRODUCING SUBSTANTIALLY BINDER-FREE ZEOLITE

Inventors: Verduijn Johannes P (BE)

Assignee: Exxon Chemical Patents Inc Assignee Code: 14518
Patent(No,Date);Applic(No,Date): US 5460796 951024 US 335222 941107

REMOVAL AND DESTRUCTION OF HALOGENATED ORGANIC AND HYDROCARBON COMPOUNDS
WITH POROUS CARBONACEOUS MATERIALS

Inventors: Rosenbaum Bruce M (US)

Assignee: Rohm and Haas Co Assignee Code: 72392
Patent(No,Date);Applic(No,Date): US 5460792 951024 US 995429 921223

AGENTS USED FOR IMPROVING THE BOTTOM AND WATER QUALITY IN WATER AREAS WHERE

SLUDGE IS DEPOSITED

Inventors: Iwai Shigeshisa (JP); Kobayashi Michiharu (JP); Kuroda Koji (JP)
; Toda Shigeru (JP); Uchida Chihiro (JP)

Assignee: Biochem Industrial Ltd JP Assignee Code: 35411

Patent(No,Date) ;Applic{No,Date): US 5460744 951024 US 319390 941006

CATALYTIC PROCESS FOR PRODUCTION OF GASOLINE FROM SYNTHESIS GAS

Inventors: Fullerton Kathy L (US); Gogate Makarand R (US); Kulik Conrad J
(US); Lee Sunggyu (US)

Aassignee: Electric Power Research Institute Assignee Code: 26530

Patent(No,Date);Applic(No,Date): US 5459166 951017 US 316683 940930

PROCESS FOR PRODUCING GRANULAR BLEACH ACTIVATOR COMPOSITION AND GRANULAR

BLEACH ACTIVYATOR COMPOSITION

Inventors: Aoyagli Muneo (JP); Ishikawa Takeshi (JP); Noro Hiroshil (JP);
Oyashiki Tomonori (JP); Suzuki Koichiro (JP); Yamashita Hiroyuki (JP)

Assignee: Kao Corp JP Assignee Code: 09051

Patent(No,Date);;Applic(No,Date): US 5458801 951017 US 950994 920925

PROCESS FOR THE TREATMENT OF VENTILATION AIR CONTAINING STYRENE
Inventors: Dezael Claude (FR); Morlec Jean (FR); Travers Christine (FR)
Assignee: Institut Francais du Petrole FR Assignee Code: 31969
Patent(No,Date);applic(No,Date): US 5458675 951017 US 209498 940304

CLUMPABLE ANIMAL LITTER MIXTURE

Inventors: Glynn Jerry D (US); Jones Martin A (US); Pattengill Maurice G
(us)

Assignee: Western Aggregates Inc Assignee Code: 33965

Patent(No,Date);applic(No,Date): US 5458091 951017 US 323037 941014
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METHOD FOR CAPTURING ECOLOGICALLY HARMFUL SUBSTANCES FROM MATERIAL POLLUTED
WITH SUCH SUBSTANCES

Inventors: Hooykaas Carel W J (NL)

Assignee: Pelt & Hooykaas B V NL Assignee Code: 04634
Patent(No,Date);Applic(No,Date): US 5457272 951010 US 250788 940527

SELECTIVE OXIDATION CATALYSTS FOR HALOGENATED ORGANICS

Inventors: Chatterjee Sougato (US); Greene, Howard L (US); Ramachandran
Balachandran (US)

Assignee: Akron, University of Assignee Code: 01417

Patent(No,Date);Applic{No,Date): US 5457268 951010 US 144125 931027

CATALYSTS FOR HYDROGENOLYTIC DEALKYLATION AND USE THEREOF

Inventors: Kumata Fumio (JP); Masuda Toshihiko (JP); Ueda Iwao (JP)
Assignee: Mitsubishi 0il Co Ltd JP

Patent(No,Date);Applic(No,Date): US 5457255 951010 US 248530 940524

NAPHTHALENE ALKYLATION PROCESS USING MIXED H/NH3 FORM CATALYST

Inventors: Ardito Susan C (US); Ashjian Henry (US); Degnan Thomas F (US);
Helton Terry E (US); Le Quang N (US); Quinones Augusto R (US)

Assignee: Mobil 01l Corp Assignee Code: 56432

Patent(No,Date);Applic(No,Date): US 5457254 951010 US 173006 931227

ADSORBENT COMPOSITES FOR SORPTION COOLING PROCESS AND APPARATUS
Inventors: Behan Albert S (US); Dunne Stephen R (US)

Assignee: UOP Assignee Code: 20295

Patent{No,Date);Applic(No,Date): US 5456093 951010 US 124740 930921

PROCESS FOR PRODUCING ALCOHOL

Inventors: Kotasthane arvind N (IN); Lachke anil H (IN); Palnitkar Sanjay S
(IN)

Assignee: Council of Scientific & Industrial Res, IN Assignee Code: 20960

Patent(No,Date);Applic(No,Date): US 5455163 951003 US 219821 940330

GALLIUM SILICATE HAVING 12-RING PORES (ECR-34) AND A& METHOD FOR ITS
PREPARATION

Inventors: Strohmaier Karl G (US); Vaughan David E W (US)

Assignee: Exxon Research and Engineering Co Assignee Code: 28200
Patent(No,Date);Applic(No,Date): US 5455020 951003 US 265289 940624

AIR SEPARATION PROCESS

Inventors: Chao Chien-Chung (US)

Assignee: UOP Assignee Code: 20295

Patent(No,Date);Aapplic(No,Date): US 5454857 951003 US 210391 940318
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