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Application of Zeolite Adsorbents for Exhaust Gas Treatment

Akinori Yasutake and Jun Izumi
Mitsubishi Heavy Industries, Ltd., Technical Headquarters
Nagasaki Research & Development Center Chemical Laboratory
5-717-1, Fukahori-machi, Nagasaki 851-03, Japan

Treatment processes for various process exhaust gases are being increasingly considered
from the standpoint of environmental preservation. In particular, sulfur compounds are a
major target for removal because of their role as pollutants, but are also useful as chemical
raw materials.

In this report, the authors consider hydrogen sulfide and sulfur dioxide, which are common-
ly produced and the treatment of which is well-researched, summarizing the results of investi-
gations into separation, removal, and concentration methods with zeolite adsorbents.

Key words: Adsorbent, Hydrogen sulfide, Sulfur dioxide, Gas removal, Exhaust gas.
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(2) SHIER (B oBRERFIE)
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L TRRICB VT, 97, BeEks s BigRtE
Rr48BF M) Y soEBEoRICEEL, KRica

# 1
SKS System

Layered silicates from Hoechst

SKS is the abbreviation for Schichtkieselséiure
(layered silicic acid)
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Type Composition Mineral
Production of SKS-6
1 Na,Siy0y5 « xH,0 Kenyaite
2 Na,Si4090 » xH,0  Magadiite Water-glass solution
3 N02_Si80~|7 . XHQO = Spray drying
4 Na,5i4Og « xH,0 Makatite
5 o - NaySi; 05 - Amorphous disilicate
6 3 - Na,SisOs5 - Crystallization at 600-800 °C
7 B - NaySi,05 Natrosilite SKS' 6
9‘ NdHSizOs . H20 = g (6'N023i205)
10 NaHSi,O5 « 3H,0 Kanemite ( j
n ¥- NaySi, 05 - Powder Granules
13 NdHSizOs - 2
%2 SKS-6DSEERK
B B g fu SKS-6 #% SKS-6 i RRBES
N & - BEHR =)=k g #®
BeEL - 290 =88 N T—EE
DNTEE g/ 1 500 + 100 850 £ 100 JISSEHERL
pH{E - 11.7+£03 117 £ 03 1 g/125C
‘Caf A4 /Hileaeh | meCa/g =73 =73 =Eaw
BREED % =88 =97 720C: 1hr
B DRIFE um 100 £ 50 600 =200 REISBUMER
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3 OBIEEMERIABF FY v LOKEEEE T

Ca2+/Mg?2* Binding Capability of SKS-6
1 g SKS-6/1; 30 min.; 90 mg Ca2+/1; 16 mg Mg2+/|; 60 °C
Ca2+/Mg?+ per g of SKS-6

100 Tap water 85 McCa
S Bt T B Mg
e ——— -
40---3-- -

o WH =3
8
X 4
Solubility of SKS-6 in Tap Water
10 g of powder per liter
100 Percent dlsso}:/i"‘?”ﬂ“_—‘
80- =" e Analysis
Tap water
pH 7.30
Ca 854mg/l
Mg 14.3mg/l
Na* 104 mg/|
o 24mg/l
SO,Z 113 mg/l
O, 10.3mg/l
CO, 17.2mg/l

0 .
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X 5
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Alkalinity and Buffering Capacity

of SKS-6

Titration of 2 g of SKS-6 in 1] of water
with 1 N hydrochloric acid at 22 °C
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2 m e e e e
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ml of 1 NHCl
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DU L, COFPTHENTVS, BisAic, 68
ERMEBRT AT P )Y o0¥ERRE, ABlER
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Surfactant absorption capacity [%]
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SKS-6  Amorphous Zeolite A SKS-6 Amorphous
powder disilicate  powder granules disilicate
powder sodu»crd.

granules

Mixing systems: gravity-flow mixer
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Function of the New builder, namely
“Crystalline Layered Sodium Silicate (§-type)”

Mitsuru KATADA
BU-Surfactants & Auxiliaries,
Hoechst Industry Limited

The compact heavy-duty powder (HDP) detergents were introduced in Japan in 1987 and
are already dominating in the market, ie. 92.0% out of total HDP. Last year more com-
pacted detergents, namely “super compact detergents”, were introduced but there is new ones,
so-called “super super compact detergents’, launched in spring this year. This tendency
would be welcome from the view point of environmental aspects and save of energy. However
new builders are essential to realize this tendency.

Many kinds of the builders, not only inorganic but organic ones, has been consumed for
HDP detergents in the world. Although 4A-type Zeolite has been mostly applied since many
years, there is a discussion about modification of 4A-type Zeolite and new Zeolite namely P-
type. Furthermore new Silicate builders have been developed and launched in the market. The
Crystalline Layered Sodium Silicate (§-type) is one of the newest Silicate duilders and has
many superior properties as a multi-functional one. Consequently it seems to be impossible
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to launch the “super super compact detergents” without these new multi-functional Silicates.
Although the layered Silicates were known many decade ago, synthetic ones were developed
recently. The Crystalline Layered Sodium Silicate (9-type) is one of them and it can provide
many kinds of functions, which are required as the builder, such as water-softening effect,
alkalinity & buffer effect, dispersing-ability and etc. Therefore it is called as the “Multi-
functional builder”. In addition, it has environmentally benign character owing to its solu-
bility in water contrary to 4A-type Zeolite.
Key words: Super compact HDP detergents, Crystalline Layered Sodium Silicate (§-type),
Multi-functional, Water-soluble, Environmentally friendly.
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2. UTD-1 DEE&5H
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Fig. 2 Experimental and simulated XRD
patterns of organometallic-free UTD-1.
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Fig. 1 IR & N5 GHRERHS unit cell)Y, UTD-1
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12 th
International
Zeolite Conference

Baltimore, MD
July 5-10, 1998

FIRST CIRCULAR

Invitation

The 12th IZC Organizing Committee and the IZA
extend a cordial invitation to participate in the 12th
International Zeolite Conference which will take place
at the Hyatt Regency Hotel in Baltimore, Maryland,
from Sunday, July Sth to Friday, July 10th, 1998. The
Conference will be preceded by a Conference School.

Scientific Program

The scientific program will cover all areas of zeolite
science and technology, and will include both synthetic
and natural materials. Submissions are encouraged in
related areas of microporous and mesoporous materials
research and applications.

Full Papers

Papers can be submitted in any area of interest to the
zeolite community. Novel research on materials
synthesis and characterization, structure determination,
modeling, catalytic applications, adsorption and
diffusion processes, ion-exchange and solid state
applications, and other areas are encouraged.

The papers will be selected by an International
Scientific Committee chaired by R.J. Gorte; they will be
accepted for oral and poster presentation based on 4
page manuscripts. A bound volume of these man-
uscripts will be published at the time of the Conference.
The oral presentations will be given in two, simul-
taneous sessions in adjacent rooms. Posters will be
presented in two sessions, each lasting two days.
Special attention will be given to make sure posters are
easily accessible, easy to locate and that ample time is
allowed for viewing. Conference Proceedings contain-
ing full papers, due at the time of the Conference, will
be published in December of 1998.

Recent Progress Reports

Space will be reserved in each poster session for
exciting new results which because of timing could not
be included in the regular program. Acceptance
decisions will be based on extended abstracts, which
will be available at the time of the conference.
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Pre-Conference School On Zeolites

July 2-4, 1998

A school emphasizing the synthesis and characterization
of zeolites will be held in a college in the Philadelphia
area before the Conference. Areas of utilization (ion
exchange, detergents, adsorption, catalysis) will also be
discussed in a round table format with student
participation. The school will include a Saturday
afternoon banquet and trip to Philadelphia’s 4t of July
celebration. The participants will travel to Baltimore on
Sunday for the IZC.

Important Dates
May 1, 1997 Second Circular, call for
papers.

August 1, 1997 Submit titles of papers
intended for oral and poster
presentation.

January 15, 1998 Four page papers due.

April 1, 1998 Two page abstracts for
Recent Progress Reports due.

April 15, 1998 Final Circular and Program.

July 2-5, 1998 Pre-Conference Summer
School.
July 5-12, 1998 12th IZC. Camera ready full
papers due.

December, 1998 Publication of Proceedings

Further Information

Please return the attached slip if you want to receive
future circulars. The second circular will call for Oral
and Poster Papers and Recent Progress Reports, and will
contain information on the scientific and social
program, travel, accommodations, and registration. For
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US Patent

CARBON MONOXIDE AIR FILTER

Inventors: Benda George (US); Fleck Michael (US)

Assignee: Chelsea Group Ltd

Patent(No,Date) :Apptic(No,Date): US 5564065 961008 US 374891 9850119

INTEGRATED PROCESS FOR THE SIMULTANECUS PRODUCTION OF ALKYL TERT-BUTYL

ETHERS AND 1-BUTENE

Inventors: Brianti Maura (IT); Donati Gianni (IT); QOrsi Alfredo (IT);
Paludetto Renato (IT); Pandolfi Gianni (IT); Trotta Roberto (IT)

Assignee: Enichem SpA IT; Snam Progetti SPA IT Assignee Code: 07085 16550

Patent(No,Date) ;Applic(No,Date): US 5563299 961008 US 383317 950203

POLYMER-COATED INORGANIC PARTICLES

Inventors: Jacobson Howard W (US)

Assignee: Du Pont de Nemours, E I & Co Assignee Code: 25048
Patent(No,Date);Applic(No,Pate): US 5562978 861008 US 468106 950606

A METHOD FOR MANUFACTURING AN ANTIBACTERIAL CHOPPING BOARD

Inventors: Watanabe Tadao (JP)

Assignee: Daikyo Co Ltd JP Assignee Code: 31106
Patent(No,Date);Applic(No,Date): US 5562872 861008 US 406050 9850317

USE OF ALUMINOSILICATES OF THE ZEOLITE P TYPE AS LOW TEMPERATURE CALCIUM

BINDERS

Inventors: Adams Christopher J (GB); Araya Abraham (GB): Graham Peter (GB);
Hight Andrew T (GB)

Assignee: Unilever Patent Holdings B V- NL Assignee Code: 17055

Patent(No,Date);Applic(No,Date): US 5560829 961001 US 96820 930728

HYDROCARBON CATALYTIC CRACKING PROCESS

Inventors: Menon Raghu K (U)S); Ramachandran Ramakrishnan (US)
Assignee: BOC Group Inc The Assignee Code: 10093 ,
Patent(No,Date);Applic{No,Date): US 5560817 961001 US 315634 940930

PRODUCTION OF PHENOL FROM A HYDROCARBON FEEDSTOCK

Inventors: Hammerman John I (US); Pujado Peter R (US)

Assignee: UOP Assignee Code: 20285

Patent(No,Date);Applic(No,Date): US 5559274 960824 US 427783 950425

AGRICULTURALLY ACTIVE COMPOSITION COMPRISING POLYHYDROXY ACID AMIDE
ADJUVANT

Inventors: Garst Roger H (US)

Assignee: Henkel Corp Assignee Code: 03586
Patent(No,Date);Applic(No,Date): US 5558078 960924 US 348554 941201

MODIFIED MICROSPHERE FCC CATALYSTS AND MANUFACTURE THEREOF

Inventors: Lerner Bruce A (US); Madon Rostam J (US); Stockwell David M (US)
Assignee: Engelhard Corp Assignee Code: 07910
Patent(No,Date):Applic(No,Date): US 5558067 960924 US 414071 950331
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PREPARATION OF ALUMINOSILICATE ZEOLITES

Inventors: Miller Stephen J (US)

Assignee: Chevron USA Inc Assignee Code: 14764
Patent(No,Date);Applic(No,Date): US 5558851 960824 US 309216 940920

CATALYST REGENERATION PROGCEDURE USING NET GAS EQUIPMENT

Inventors: Ressl Charles T (US)

Assignee: UOP Assignee Code: 20295

Patent(No,Date);Applic(No,Date): US 5558767 960924 US 365669 941229

HYDROCRACKING OF FEEDSTOCKS AND CATALYST THEREFOR

Inventors: Galiasso Robert T (VE); Prada Ricardo (VE); Reves Edito (VE);
Rodriguez Edilberto (VE); Romero Yilda (VE)

Assignee: Intevep S A VE Assignee Code: 11044

Patent(No,Date);Applic(No,Date): US 5558766 960924 US 328033 941024

i)bL—GEL COMPOSITION FOR PRODUCING GLASSY COATINGS

Inventors: Patel Bipin C M (GB)

Assignee: British Technology Group Ltd GB Assignee Code: 30249
Patent(No,Date);Applic(No,Date): US 5558701 960924 US 448483 950725

PROCESS FOR REJECTING HEAVY HYDROCARBONS FROM LIGHT HYDROCARBONS GASES
Inventors: Markovs John (US); Yon Carmen M (US)

Assignee: UOP Assignee Code: 20295

Patent(No,Date) ;Apptic{(No,Date): US 5557030 960917 US 409114 950323

ISOMERIZATION OF SATURATED HYDROCARBONS

Inventors: Ege Stephen L (US); Lessard Thomas A (US); Lin Fan-Nan (US);
Sung Nak J (US)

Assignee: Phillips Petroleum Co Assignee Code: 65688

Patent(No,Date);Applic(No,Date): US 5557029 960817 US 523978 850906

PROCESS FOR PREPARING SHORT CHAIN ALKYL AROMATIC COMPOUNDS
Inventors: Cheng Jane € (US); Fung Anthony D (US); Klocke Donald J (US):
Lawton Stephen L (US); Lissy Daria N (US); Roth Wieslaw J (US): Smith C
Morris (US); Walsh Dennis E (US)
)Fsignee: Mobil 011 Corp Assignee Code: 56432
atent (No,Date);Applic(No,Date): US 5557024 9608917 US 452919 950530

METHOD OF MAKING A FLAME ARRESTING AND CONTAMINANT-ABSORBING FILTER
APPARATUS

Inventors: Bar-Ilan Amiram (US)

Assignee: Prototech Co

Patent(No,Date);Applic(No,Date): US 5556819 960917 US 425604 950420

ANTIBIOTIC ZEQLITE-CONTAINING FILM

Inventors: Niira Reiji deceased (JP); Uchida Masashi (JP); Yamamoto Tatuo
(JP)

Assignee: Shinanen New Ceramic Corp JP; Shingawa Fuel Co Ltd JP

Assignee Code: 22700

Patent(No,Date);Applic(No,Date): US 5556699 960917 US 461165 950605

ANTIBACTERIAL ELECTRET MATERIAL

Inventors: Ando Katsutoshi (JP); Kondou Goro (JP); Takahashi Masanori (JP)
Assignee: Toray Industries Inc JP Assignee Code: 85117
Patent(No,Date);Applic(No,Date): US 5556618 960917 US 108644 931221
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DEVICE AND PROCESS FOR HEATING A PASSENGER COMPARTMENT OF A MOTOR VEHICLE
Inventors: Khelifa Noureddine (DE)

Assignee: Behr GmbH & Co DE Assignee Code: 28098
Patent(No,Date);Applic(No,Date): US 5556028 960917 US 420786 950412

THERMOSETTING CASTABLE AND CURABLE POLYURETHANE-UREA POLYMERS HAVING
IMPROVED FLOW AND END-WASTE CHARACTERISTICS FOR INSULATING THERMAL BARRIERS
Inventors: Freeland Gerard S (US)

Assignee: Azon USA Inc Assignee Code: 288651
Patent(No,Date);Applic(No,Date): US 5554713 960910 US 369701 850106

METHOD OF MAKING ESSENTIALLY SILICIC ZEOLITE BETA

Inventors: Saxton Robert J (US); Zajacek John G (US)

Assignee: Arco Chemical Technology Inc Assignee Code: 20082
Patent(No,Date);Applic(No,Date): US 5554356 960910 US 473394 950607

MEMBRANE FOR LIQUID MIXTURE SEPARATION

Inventors: Kita Hidetoshi (JP); Kondo Masakazu (JP); Matsuo Yasuo (JP);
Miyake Norikazu (JP); Okamoto Kenichi (JP)

Assignee: Mitsui Engineering & Shipbuilding Co Ltd JP Assignee Code: 56351

Patent(No,Date);Applic(No,Date): US 5554286 9860910 US 493538 950622

ENHANCED GAS SEPARATIONS AND ZEOGLITE COMPOSITIONS THEREFOR

Inventors: Mullhaupt Joseph T (US); Stephenson Paula C (US)

Assignee: Praxair Technology Inc Assignee Code: 29423
Patent(No,Date);Applic(No,Date): US 5554208 960910 US 511847 950807

CATALYST MODIFICATION FOR SHAPE SELECTIVE HYDROCARBON CONVERSIONS

Inventors: Lago Rudolph M (US); Marter David 0 {(US); McCullen Sharon B (US)
; 01son David H (US)

Assignee: Mobil 0i1 Corp Assignee Code: 56432

Patent(No,Date) ;Applic(No,Date): US 5552357 960903 US 284801 940825

CATALYTIC SYSTEM FOR THE REDUCTION OF NITROGEN OXIDES

Inventors: Farnos Maria D (US); McWilliams John P (US)

Assignee: Mobil 0il1 Corp Assignee Code: 56432
Patent(No,Date);Applic(No,Date): US 5552128 960803 US 271686 940707

ALKYLATED DIPHENYL ETHER LUBRICANTS

Inventors: Kremer Ross A (US); Law Derek A (US); Rudnick Lesltie R (US)
Assignee: Mobil 0i1 Corp Assignee Code: 56432

Patent (No,Date) ;Applic(No,Date): US 5552071 960903 US 311829 940923

PHOTOFINISHING EFFLUENT PURIFYING PROCESS AND APPARATUS

Inventors: Arato George J (CA)

Assignee: London Drugs Ltd CA

Patent(No,Date);Applic(No,Date): US 5552055 960903 US 305309 840915

ZEQLITE AGGREGATES AND CATALYSTS

Inventors: Bortinger Arie (US); Cross Virginia R (US); Dienes Edward K (US)
; Kao Jar-Lin (US); Potter Mark J (US); Riley Robert E (US); Tungate
Freddie L (US); Vanderspurt Thomas H (US)

Assignee: Exxon Research and Engineering Co Assignee Code: 28200

Patent(No,Date);Applic(No,Date): US 5552035 960903 US 271324 940706
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INTEGRATED PROCESS FOR INCREASING C6 TO C8 AROMATICS CONTENT IN REFORMATE
PREPARED FROM C9+ AROMATICS-CONTAINING FEED

Inventors: Shih Stuart S (US)

Assignee: Mobil 0il Corp Assignee Code: 56432

Patent(No,Date) ;Applic(No,Date); US 5552033 960903 US 347732 941201

PRODUCTION OF ULTRAHIGH PURITY NITROGEN

Inventors: Jain Ravi (US)

Assignee: BOC Group Inc The Assignee Code: 10093
Patent(No,Date);Applic(No,Date): US 5551257 960903 US 955180 921001
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