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UNOP PROJECT : OP/IN0/87/007/11-01 

SlM4ARY Of ACHIEVEt£NTS IN 1988 

1. M:L HAS ACCCIRISHEO THE OBJECTIVES SET FOR 1988 : 

: SlESTITUTED FE INTO THE LATTICE OF f AWASITE 
: MADE TWO NEV ZEOLITE STRl£TURES 

2. IN ADDITION. tel MADE SEVERAL SIGNIFICANT 
NEV DISCOVERIES : 

- FE IN ZSM-20 
- FE IN BETA 
- FE IN ZSM-23 
- ; :DIRECT SYNTIES IS OF HIGH SI LI CA tllRDEN I TE 

DIRECT SYNTHESIS OF HIGH SILICA EU-1 
- NEV, LESS EXPENSIVE ANO SIMPLER SYNTHESIS Of BETA 

POTENTIAL mKRCIAL APPLICATICWS : 

* ClMENE PROCESS WITH HIGH SILICA tl>RDENITE 
* HYDRODEVAXING WITH FE BETA 
* XYLENE ISMRISATION WITH FE BETA 

3. THE WORK DONE SO FAR HAS RESULTED IN : 

~ 11 SC!ENTIF'IC PlELICATIONS 
• 11 PATENT APPLICATIONS 

' t ' 
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DEVELOPtlENT CF NOVEL SHAPE SELECTIVE ZEOLITE CATALYSTS 

PROJECT : DP/IND/87/007it1-01 

Agenda for Tripartite Review, Nov. !i.s, ~ 

A : Follow-uo Report 

NCI.. has completed the 1988 plans of this Proje~t, ahead of 
, 

Furthe,..ore, NCL has •ade significant pra9ress in many 

of this UNDP Project in addition to what was planned for 

1988. Dr. Ratnasa•y's Report •summary of Work done upto·October 

1988" and Annexures 1-8 <Pages 29-49) . . describe the 

in detail. Here we summarise NCL's 

accomplishments. 

Tables I and II &how the Project Budget. Table Ill detail• 

the 1988 and 1989 section of the ori9inal Bt.;dget and the actual 

expenditure•· 

Objectives of the Project 

1. Synthesis and characterization of zeolites with faujasite 

.struEture and containing iron <Fe> in the lattice framework. 

2. Characterization of the structural , physicoche•ical and 

catalytic properties of a new zeolite •aterial ·of unkn°"" 

structure. 

The Project Document is shown on Page 28.• 

Accomplishments 

Table IV sutnmarises NCL's Accomplishment• in 1988. 

1. A series of faujasites, containing various a1K>unts of Fe 

in the framework ha• been synthesised. The presence of Fe in the 

framework has been de~onstrated by 1J!2!:it tn.D. WJS. techniques. Sonte 

I I I 2. 
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extra framework Fe is also present. Catalytic activities have 

been determined. NCL is now exploring potential commercial 

applications. 

NCL has. written 14 papers on these accatnplish•ents 

<Annexure 7>, and filed 11 Patent Applications <Annexure B>. 

Eleven of the papers have be~n published or under publication. 

ree are being reviewed. 

C 
2. Two nett zeal ite structures HJh-1 and IM-2> have been made 

_ at NCL. Preliminary characterizations shDM that both 

are so-called "saall pore• zeal ites; that is the pores are 

surrounded by B overlapping MCJ4 tetrahedra <"'1ere "•Siar Al>. 

j.. Zeal ite crystal structures ••Y be detert1ined frail powder XRD 

spectra. This is a very difficult task; at present, only a 

handful of laboratories scattered around the world can do it. 

The Project's CTA has negotiated with some of these Institutions. 

One of these <Prof. Gallen Stucky's Laboratory at the University 

of California at Santa Barbara, California, USA> ·is wil 1 ing to do 

the work for us. Delays in UNIDO authorizations have, however, 

prevented the full characterization of UN-1 so far. 

·Experts disagree at present whether UN-2 is.a pure or a 

mixed phase zeolite. Its powder XRD spectru• has features 

resembling both Phi and a mixture of analci ... and g•elinite. We 

ne~d •ore studies here. 

Because they are ••all-pore zeolites, UN-1 nor UN-2 have 

only limited commercial potential as catalysts <e.9. dewaxing, or 

Sttlectoforming>. Non-cata•ytic applications are also pa••ible 

3. NCL'• ac~ompli•hments in addition to the 1988 Wark Plans 

113,,1 I 
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a . . Iron has been incorporated into the framework of 

ZSM-20. The ne~ zeolite has been characterized. The crystals are 

100l pure. NCL has also evaluated the catalytic properties 

(activity, selectivity, stability> of this new •aterial. • 

b . . Iron has been incorporated into the framework of 

zeolite beta. Its prop~rties have been characterized. The 

crvs.ta 1 • are 100 X pure. 
c 1. NCL has synthesised a high-silica .ardenite. 

High-Silica 11ardenite potential. This is 

the first successful direct synthesis of this aaterial • Its 

properties have been characterized. The cryst~ls are 100 X pure. 

d : NCL has synthesised a high silica EU-1 zeolite. 

Again this is the first successful direct synthesis of this 

-.terial. Its properties·have been characterized. The cry&tals 

are about 100 ~ pure. 

e . • NCL has found a better and less expensive 

process to synthesize zeolite beta. 

The scientific importance and commercial potential of 

these accomplishments are obvious and need not be emphasised. 

Soae of the many possible conamercial applications already 

investigated are : 

f : The iron-containing beta zeolite ••Y be a better 

Xylene Isomerization Catalyst than those used ca.emrci&lly today. 

It ca.bin•• th• advantav•• of Plobi1'• HZSM~ <nien •t~ylbenz•n• 

conv1trsion of hi9~ LHSV> and Engelhard and UOP's •ordenit• 

(hydro-isomerisation of ethylbenzene to xylenes>. If furth1tr 

aving studies confirm initial trends, thi• 11ay be a m1Jor 

breakthrpugh. W~ should thHn exploit all potentials of this 

'i.: 



promising discovery 

g . . NCL is currently evaluating the high-silica 

mordenite as a solid Cumene Manufacturing Catalyst. All present 

CDtlmercial processes use liquid phosphoric acid catalyst. Lower 

capital expenses, elimination of environmentally hazardous sludge 

disposal 1 and non-corrosive catalyst are Just few of the 

advantages of the new solid catalyst. NCL has applied for patent 

coverage. 

4. Equipment status 

Of the S 332,318 scheduled for expendahle and non-expendable 

equipment, $ 129,478 has been spent. The purchasing of a 

Geomecanique reactor for $ 203,032 is scheduled for later this 

year. Thus by the end of this year, we will spend about$ 192 

11are than ·scheduled. 

5. StuGy Tours~ Fellowships 

Table V summarises 1988 Study Tours,Fellowships, and Experts 

Visits. 

The planned 3 study tours and 3 fellowship tours, plus an ~ 

additional stu~y tour by the Project Director have been 

coaapleted. Reports of the participants are submitted separately. 

Out of the projected s 102,000, only s 92 1000 was spent. The 

reaaining $ 10 1000 is transfered to 1989. 

Annexures 10, 11, 12 and 13 contain th Reports of the 

participants in the Study Tour and Fellowship Programme. CPages 

so-70. 

6. E~perts .X.i.1.il.! 
I 

The visits of Mr. H. Lovink, Prof. Ono and Qr. Csicsery 

I 5>. 



<Project CTA> have used up or will use up by the end of the year 

only 2.3 months of the projected 7.3 months. 5 m~nths will be 

transferred to 1989. The causes of the problems of E~perts' 

visits, and their possible solutions are dis~ussed in Chapter D. 

CONCLUSION 

NCL has fulfilled its 1988 research objectives. 

it has discovered four .are new zeolites, two of 

In addition, 

which have 

significant-co .. ercial potential. Furtheraore, a simpler and more 

economic route has been found to make zeolite beta. 

6. 



B: PRO.JEC'T CONCEPT AND DESIGN 

The original concept and relevance of tne Project to the 

priorities of the Government as eilvisaged in the project document 

are still appropriate. 

C: PROGRESS 

1. There has been substantial progress in achie,·ing the 

Project objectives and production of the Project outputs. See 

Section A. 

2. The Project, as being implemented, still re.ain• very ~ 

•uch relevant to the development efforts of the Government in the 

sector. 

3. The environment of the Project has not changed. The 

development 

still remain 

and ~pplication of novel shape 

desired objectives for the 

~hemical industry. 

D OPERATIONAL ISSlES AND PROBLEttS 

selective 

advancement 

zeolites 

of the 

This project is proceeding smoothly, well ahead of its 

schedule on every front except one; the visits of Experts. In 

1988 only 2.3 months have been utilized of the scheduled 7.3 

11anths. Three factors contribute to this situation, 

Ca> We wouid like to have Experts who are the World's best 

in their respect iv• fields. Mo•t of th••• peopl • are \;ery busy. 

Teaching schedules, sabbaticals arranged several years in 

advance, organistation and attendance at international 

conferences, government duties, etc. fill their schedules for the 

forthcoming two or three yeArs. <Second-rate experts would be 

7. 
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avail~ble ~t short n~tice, but we do not need the.n>. 

(b) : Some of the best potential Experts work in industry. 

Conflict of int~est problems do not allow participation in this 

1.MDP project for several of these people. 

true in the "Zeol ite S·tnthesis" category. 

This is especially 

We reconNH!nd t~ combine the "Zeolite Synthesis• category of 

this Project wit~ that of •Physicoche.ical Characterization : I. 

General:" and rename it •zeolite Chemistry and Catalysis, 

General". We believe that the elimination of this narrow categ:'W'y 

will .ake it easier for our best potential Experts to obtain the 

consent of their Corporations. 

(c) Slow _processing of UNIDO delays schedul~ng of the 

visits of Experts. It could also inconvenience soaae of our 

Experts already committed to visit NCL <e.g. see Prof. Ono's 

letter of October, 7, 1988, Annexure 9, Page 49 .Please speed up 

. the processing of paperwork at UNIDO. Please be •ure to send the 

proper Job d•scription <Pages 11-12> for the visiting Experts. 

<The 1988 Job Descriptions sent to the Project CTA contained an 

outdated, incorrect job descript;on>. 

Job descriptions for the various "Expert" catl!9ories re 

shown on the following pages. 

Tables VI and VII list the Expert• contacted by NCL or the 

CTA. Tables XI -Xlll give the addresses of each Expert. 

Table VIII shows the Schedule of Experts fo the duration of 

the whole Project. 

8. 



Notes for ·~ob Descriptions• 

l. The following sections are the same for each 
'Job Description• : 

Duty Section 
Purpose of Project 
deporUng 
"-anguage 
Background information. 

The 'Background Information• section is attached only 
to the first Job Description. 

2. .The Experts in 'Zeolite Chemistry and Catalysis : ~ 
General' subcategory is combine~ with the 'Zeollte Synthesis' 
category. 

The new Yost Title is 'Experts in Zeolite Chemistry and 
Cataly.sis : General'. 

3. Note that all date• rttqulred are for between September 
and March of 1989, 1990 and 1991. 

Names of Experts contacted and recommended are listed 
in Tables VI· and Vll.Ihe full addresses are shown in Tables XI, 
XII and XIII. 

9. 



.JOB DESCRIPTION : Project : DP/INl•/87/007 - U :01. 
Post title: Experts in Zeolite Chemistry~ Catalysis: General. 

Duration . . 3-4 weeks, with possibility of extension in subse
quent year<s>. 

Date required: 

Several such experts are needed. They would come in three conse
cutive seasons, between September and March in 1989, 1990 and 
1991. The first one or two expert should come before the end of 
March 1989, therefo~e recruitment is urgent. 

JbW(. at at i gn 1 Pune <India>. 

Pucnp• gf, pcpJect 
The ;ong term objective of t~e project is to develop new shape 
selective zeolites and their applications in the petcpleu~ and 
organochemical industries.The immediate objectives are <a> to 
support NCL research schemes for the development of new shape 
selective zeolites and catalysts, (b) establish a competent 
research and development team of scientists and engineers at NCL 
capable of developing new shape selective zeolite catalysts and 
of de~eloping their applications. 

Duties 

The expert will be assigned to the National Chemical Laboratory, 
Pune, and in consultation with appropriate government authorities 
UNDP ana·uNIDO, he will be expected to carry out the following 
tasks: 

Review NCL's zeolite and catalyst programme, 
and suggest improvements and new methods. 

Review equipments and instruments available and the 
instruments proposed for further work. 

Give dir~ctions for labor~tory work. 

Advise on 
objectives. 

establishing 

Indicate priorities. 

c;hort and long-term research 

R1rportina 1 Th• expert will •ubmit a report on hi• findine• 
and recommendations. 

Qu1lificatigns : High level scientist with extensive experience 
with zeolites. · 

L1nau19e : E~;lish 

~O. 
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Background 
inforaation The Indian Covern•ent is keen to use tbe facil

ities of the Natior.al Chemical Laborator1 (NCL) 
to de~elop SHAPE SELECTIVE CATALYSTS, e.g. 
zeolites. These relativel1 nev catal1•t• hawe 
already brought draratic iaprowe•enta in a 
nu•ber of refiner1 and petrocheaical processes. 
The Indian National Che•ical Laboratorj baa 
a proven 1ecocd of invention, research and 
deYelopaent in this area. -

The Project should help Iadia to deYelop aev 
SHAPE SELECTIVE CATALYSTS and those processes 
which vill use these catal1sts. Its •aia aad 
foreaoat task i• to ewolwe ·and deaoaatrate 
a procedure for the production of bi&hly effic-_ 
ieat zeolite catal1ata. It· ia •zpected tbat 
•BDJ ao'!'e novel applicatlOD8 V1.ll •e diaCOYered - e 
for these catalysts and the1 vill facilitate 
••n1 che•ice.- reactions vbicb preaentlJ cannot 
be practiced on an econoaic scale. 

SHAPE SELECTIVE CATALYSTS are used for the 
production of aasoline fro• •ethanol, production 
-of olefins, iso•erization of aroaatics, alk1l
ation of olef lns, alkylation of benzene and 
toluene and devaxing of •iddle distillates 
and lube stocks. 

NCL has been engaged in the synthesis, charact
erization and developaent of application• in 
the area of shape aelectiwe &eolite catal1ata 
fnr 1 lw p11:11 h y1•111·H. Muro thnn 60 11ubltcatlon• 
in research journals, 25 patents and 15 present
ations in international research conference• e 
have been achieYed in thia area· durina this 
period. · NCL is a rttcogn1zcd inatltution vh•r• 
graduate work leading to Ph.D's ia che•i•trJ 
and cheaical engineering are carried out. 
Currently, about 60 students vork there ·for 
their Ph.Os in these two fielda. 

NCCs •oat iaportant accoapliahaeata are tvo 
catalytic proce•••• uaed coa•erciallJ in India. 
These are xylene iao•erization and etbJlbeazene 
productlon. The for•er has better Jield than 
cu•put lng 1Jrucu'iHu11. · The latter uaea a c:o•pl
etely ne-v ··and .. 'Unique ·-rovte ··baawd ··on dilute 
~thanol instead of ethylene. HCL inYented 
~he catalysts, worked out their larae-acale 
•Ynthesis and developed the proceaaea. 

~I. 
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Toda1. theae NCL catal1ata are •an~factured 
under license fro• NCL bJ M/s Associated C~••At 
Coapanies Liaited, BoabaJ and M/s United Catal
JSts India Liaited, Boabay. Rapbta.reforaing, 
production of aeth1l aaines. toluene dispropor
tionation. etc. are expec~ed to be co•aercial
ised in the next fev years. 

NCL has vell established facilities for tbe 
collection of kinetic data on catal1tic proc
esses using different tJpes of aicro-reactor 
s1ste•s. ICI:s Inatruaentation Centre baa 
facilities such •• ICSA, X-ra1, SIM, etc. 

· An interPationallJ reaovaed ezperta teaa in 
che•ical reaction engiaeeriaa supports reactor· 
and aodelling aiaulatioa vith special eaphaaia 
on the critical problea ~f d1aaaica aad 
stabilltJ. Bovewer I ICI:a curreat, •ore aophi
aticeted objectiYes need UIDP assiataace. 
Nev experiaental and aaalJtical facilities 
are needed and technical and acieatific 
expertise should be built up ia certain 
critical fields. Without this help ICLs vork 
vill not have the required and ezpected iapact 
on the industrial developaent of India. 

.J I 11 



Post title 

.JOB DESCRIPTION 
DP/IND/871007 /~A. ~1 ,,_ 

: Experts in Physicoche.ical Characterization 
of Zeolites and Catalysts : 
II : Quantitative PoNder X-Ray Diffraction • 

Dur•t:ion 

.. 
1 Three t:a Four weeks, with passibll ity Df 

extension in subsequent yaarCs>. 
0.te rttqLirttd I 

-, 
One ek. . ·t ls _ needed • 
ttiarch af 1989. 

He should ca.e between Sept..e.er· fnd 

Duty statlan . 1 

Purpose of Project : 

The long tena objective of the project is ta develap n• 
shApe selective "zeolites and their application in the" petraleu. e 
and arganocheaical industries. The iMediate objectives are Ca) 
to support NCL research sr.h~s. for the develapaent of 
synthesi5 1 and characterization af new 1thape selective zealit .. 
and catalysts,. Cb> d..anstrate the preparation af suitable cata-
lysts far refinery and petrach-ical industries, Cc> -t•blish • 
coapetent research and develapaent te.. af scientists and 
engineers at NCL capable af synthesising, · characterizing and 
developing n ... shape zeallte catalysts and af develapine their 
.application&. 

Duties : 
The expert will be assigned to the National Che.ical L..boratary, 
Pune, and in consultation with appropriate government authoritieti 
UNDP and UNIDO, he will be expected to carry 
out the following tasks : 

· - He1 p det.,..ine the structure·. of the . . new zeal ite~ 
NCL discovered recently. 

- Review NCL'• zeal it• and catalyst progra .. e, 
and .uggeat improve.ants and new -thada. 

- Review the lnstrwaenta available and the inatru.enta 
proS"osed far further work. 

Reporting 1 The expert will sub•it a report an his findings 
and reca11aend•tions. · 

Hieh level scientist with extenaive experi11nce 
in qu•ntit•tive powder X-ray diffraction 
atructure deter•ination. 
Enel ish. 

• An Expert in quantitatiYe powder I-ray diffraction needa hi• 
ovn ·in•tru•ent and co•puter in hi• ovn laborator1 to acco11pliah 
hi• ta•k. He need not co•• to ICL in Pune. 

{3. 

I Ill I I I I I I 
II 11 I 



,. 

Post title 

Duration 

. . 

. . 
~te required : 

.109 DESCRIPTION 
[If"/ IN[•/87 /007 /"1A.<1 ~ B 

Experts in Physicoche11ical Characterization 
of Zeolites and Catalysts·: 
III : Trans.ission Electron "icroscopy. 

Three to Four Meeks, Mith possibility of 
extension in subsequent year<s>. 

• 

One or two auch expert• .,.. needed. Thay ahou1d ca.. lletMaen 
Bept.-ber and tt.rch in 1989 1 1'190 and 1991. 

Duty •t•tion 1 Puna Cindi•>. 

PurpDtie of ProJect : 

The long tera objective of the project is to develop n ... 
- shape selective - zeoliti!!i and their application in .the petrol111111 

iind organoche.tical industries. The- i..ediate objectives .-e ta> 
to support NCL research sche.es for the development of 
synthesis, and characterization of ne.. shape seleetive zeo1ites 
Md catalysts-, <b> det1onstrate the pr~aration of &uitabl e cata-
1 ysts for refinery and petrocheaical industries, <c> establish a 
ca.petent research and develop.ant tea. af scienti&ts And 
envinaers at NCL capable of synthesising, charactarizine and 
developing new shape zeo1it• catalysts and af davalopine their 
app1 icati_ans. 

Duties : 
The expert Nill be assigned to the National Dleaical Laboratory, 
Pune, and in consultation Mith appropriate governaent ~thorities 
UNDP and UNIDO, he Nill be expected to CMT)' 
out the following tasks : 

- Review NCL's zeolite and catalyst progra..e, 
and suggest i•prove•ents and new •ethods. 

--Review the instruaents available and the instruaents 
proposed for further work. Suggest training progra..e in 
trans•ission electron •icroscokpy for NCL st•ff. 

- Help det•r•in• cryata1 •iz• •orpho1oey and .ave11Ha9rls.tlan 
·af NCL'• nttM zeo1it••· 
Advi•• an establi•hing short and lane-ter• rttHarch 
objectives - indicate priorities. 

Reporting 
. I 

1 The expert will submit a report an.his findings 
and reca...ndation& • 

Qualifications 1 High level sc:ientiat Mith extensive ~xp.,.lence 
in Tr•ns•ission Electron "icroscakpy. 

ungu•ge 1 Engli&h. 

14. 
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.JOB DESCRIPTION 
DP I I N[l/87 /001~1A.0 3 C 

Past title . . Experts in Physicocheaical O.aracterization 
of Zeolites and Catalysts : IV - ESCA ~ EPR 

Duration . • 

IMte required : 

Three to Four weeks, with possibility of 
extension in subsequent year<s>. 

One ar tllfO such experts are needed. They should ca.e between 
Septftber and tlarch in 1989 1 and 1990. 

Duty station 1 Pune <India> • 

. · Purpose af PraJec:t I 

The lane t.,.. abJ.:t:lve af the p'.""OJec:t is ta C:evelap n ... 
shape ••lec:tiv. zeal it- and their application in 'the petraleua 
Md arvanach-ical i.ndustries. The i~iate objectives u-e (a) 
ta support NCL research sche.es far the develop.ant af 
synthesi~, and· characterization of nett shape selective zealites 
and catalysts, (b) det1anstrate the preparation of suitable.cata
lysts far refinery and petrochetaical industries, <c> ntabl ish a 
cmpeten~- research and develap11ent teaa af scientists Anet 
engineers at NCL capable of synthesising, characterizing and 
developing n ... lihape zealite catalysts and af developing their 
..-plication•. 

Dutin I 

The expert Nill ·be assigned to the National Che•ical Labaratary, 
Pur.e, and in caosultatian Nith 'pprapriate eavern.ent· authorities 
UNDP and UNIDO 1 he wl 11 be expected •.o carry 
aut the following tasks ~ 

- Review NCL's zeolite and catalyst pragr~, 
and suggest i9PrDve.ents and new .ethods. 

- Review the instru.ent& avail.able and the ln5trwMtnt& 
proposed for further.work. 

- Help in characterizing Fe in Fe-faujasite And Fe
pentasil zeolite not just qualitatively but al&a 
quanatitativel~. 

- Advise an establishing •hart. and lane-:-t.,.. research 
abJec:tlv•• - indic~t• priariti••· 

Repartine 1 The expert Nill. sub•it a report an his findings 
and reca..endatians. 

Qualification• 1. High level scientist with extensive experience 
in . EPR and ESCA techniques <Reca..en.tlld Dr. 
J. Q. Adall9 1 ... list. 

1 En1l lsh. 

· .. " 

I~. 
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.JOB DESCRIPTIC»f 
[•PI J N!VB7 /(t\.s7 / 4A. <» (( 

Post title : Experts in Catalytic Reactions, Cheaistry an~ 
Engineering 

Dur•tion 1 Thr- t:-:> Four Neeks, Ni th poasibil ity of 
extension in aubsequent year(s). 

~te required 1 

About five auch experts are needed. They should cCMMt in three 
cansecut i ve seasons• bet:Meen Septetlber and "arch in 1989 1 19110 
And 1991. 

Duty station : Pune <India> • 

Purpose of Project : 
-

The long tera objective of the project is to develop Rl!M 
shape selective zeolites and their application in the petrolllWI 
And orvanocheaical industries. The· i...ediate objectives are <•> 
to support NCL re-arch sch- far th• develap_..t Df 
synth-ls 1 and charac~.,.izatlan of n- shape _,ective zeollt
and catalysts, Cb> d••i::a.""\Strate th• preparation of suitable c•ta-
1 yata far refinery and petrcctte.lcal lndu•trl-, Cc> -tabl lah a 
ca.petent reaearch and davelap-nt t•.. af aclentl•t• and 
eneineera at NCL c...-bl• O'f aynth••l•lne, characterlzlne and 
develapine n- shap• zeol~t• catalysts and af developlnv their 
.application&. 

Duties : 
The expert will be assigned to the National Chet1ical 
Pune, and in consultatj~ with appropriate govem11ent 
lJNDP and UNIDO, he will be expected to carry 
out the following tasks : 

- Review NCL'• zeal it• and catalyst pravr .... , 
and aueeeat imprav~ts and new -thods. 

- Review th• test reactors available 

uboratary, 
authorities 

Advl•• on potential application• of NCL'• new zeollt ... 
Select th• 11ast apropri•t• test reactor. Help desienine 
the Appropriate differential a,d/or inteeral teat reactor. 

- Advise on establi•hin9 short and long-ter• rnearch 
obJectiv•• - indicate priorities. 

- In later stages of the project help in scaling up the 
reaction. 

Reporting 1 Th• expert will subait a report on his·findine• 
and rec:a..endations. 

lilualiiication• 1 Hieh level che•ica1 enginer a• ch .. i•t with 
extun~ive uxp~rivncw in c•t•lyats over zeollt•• 
and reaction engineering. 

{6. 
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JOB DESCR!PTION · 
. [IP I I N(./87 /007 I., .f. ~ s 

Post title . • Expr."'ts in Cheaical Process Te~hnology. 

Duration . . 
~te required : 

Three to Four ..eeks. 

Abaut three such experts are needed. They should coae between 
Sep~eaber and March of 1990 and 1991~ 

Duty station : Pune <India>. 

Purpose of ProJect : 

Th• lane t.,.. obJectiv• of the proJect l• to . d.v.1ap n
shape ••1ectlv• zaolit- and their Application ln the patratMaa 
.nd arganoch .. ical industri••· Th• ilNlediate objectives are Cal 
to support NCL research scheaes far the devetopaent af e 
synthesis, and characterization of new shape selective zeotitn 
~d catalysts, Cb~ deaanstrate the preparation of suitmte cata-
lysts for refinery and petrochemical industries, <c> establish a 
coapetent research and develop.ent teaa of scientists and· 
envineera at NCL cApable of synthesising, characterizing and 
developing n~'!N shape zealite catalysts and of developing their 
applications. 

Duties : 
Th• expert Milt be assigned to the National Cheaical 
Pune, And in consultation with appropriate govern1Mmt 
t.troP And UNIDO, he will be expected to c.a......-y 
out the following tasks 1 

Labor.atary, 
authoritin 

- Advice an engineering proble•s .associated with coaaerciall
~tion 

- Help in scaling up the process fro. pilot pl~t to 
coaunercial scale. 

- Advice on establishing short .and lone-t•rt1 rese.arc:h e 
abJective• - Indtc.ate priorities. 

- Give directlon5 for laboratory and pilot plant work. 
- Review the equip•ent ~vailable. 

Reportin9 : The expert will 5ub•it a report on hi• flndinea 
And reco...endations. 

Du&llfications 1 Hi9h level engineer with extensiv• 
experience in che•ical process technology. 

I English. 

R•commenddtion : Lr·. 5. Khoobiar, thtt UN[JP Exp~rt of this. 
prajt:tct.: 7SO Rid':le Rd., Kinnelon, N.J.0740,, 
USA. 

17. 
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.JOB DESCRIPTION 
ttP/IN[l/87/007/A.f. 0'1 

Post title :& Experts L1 f'rocess Con~roi. 

Duration 1 Three to Four ..eelcs. 

Date required 1 

T..a ar three such experts M"e needed. They should ca.e betNlttln 
Septemer_And ".-ch of 1990 .nd 1991. 

IJ&aty statian : Pune <India>. 

Purpose of Project : . 
. 

Th• 1 ane t.,.. obJect iv• of th• proJect -l• ta devel ap n
shap• selectlv• zealltes And their Aflpllcatlan ln th• petrol.,. 
.ad Gr9AnDCh-ica1 industries. The i-.:liate abJectivea _.. Ca) 

a ta support NCL research sch- far th• devmlap-.t of 
• · synth .. i•, and characterization of n ... tihap• -lective zeol tt .. 

.nri catalyst•, (b) dlttlOnstrat.e the preparation of suitabl• cata-
... 1 pt• far ref inmry and patrach .. ica1 induatrl .. , Cc> itlltab1 lmh a 

ca11petent ·· r1tstt~h .nd devel apment teua of scientists and 
envlneert1 at NCL capable of •vnt.h11aiainv 1 charac:terlzlne and 

· developing new shape zealite catalyst;• and of develapinv· their 
.applications. · 

Duties I 

The expert will be assigned ta the National Chnical LUaratary, 
Pune, and in consultation with appropriate govern.ant .utharitin 
IJllDP and UNIDO , he td 11 be expected to carry 
aut the folla..ing t•sks : 

- Advice on engineering probl .. s. 
- Help in •caline up the process frot1 pilot pl.nt ta 

coamerciat ~cale. 
- Advice an establishing short and lan1-ter11 research 

abJectives - Indicate priorities. 
- 61v• direction• for laboratory and pll"ot plant warlc. 
~ Review the equip..nt avail•ble. 

Reporting 
.· 

1 The expert will sub•it·a report an his findings 
.nd recOtlllendatians. 

Duallficatlon• 1 High level che•ical engineer with •xtensive 
experience in proc-• control 

1 Envlish. 

Prof•••or len. Bi•hop 
University ~f Delaware 
Dept. of Chem: Engg • 
Nevork, Dolavore 19716. 

{I. 

I , • .I I 



.................. ----------------------------~~~~~~~ -~ 

I I I 

.. 
E 

WORK PLAN FOR YEARS 1989-92 

(SECOND TO FIF'm YEARS OF THE PIOJECT) 

(GENERAL SUMMARY) 

SECORD YEAR (l'U~'t) 
·See the work schedule for detailed quarterly break up of the work • 

.:J.: Synthesis of zeolites with new fraaework etructurea 

Aluainosilicate zeolitea with a 3 4laen•ional 

channel structure without cavities and with a pore 

diameter in the ranqe 6-8 i have great scientific 

and industrial potential. The absence of cavities 

will .minimise coJtilig, ,a s.hape selective reaction. 

The pore diameter is large enough to allow ingress 

of substituted aromatics and branched hydrocarbons. 

We propose to attempt synthesis of euch zeo~ites 

usi~~ bulky long chain quaternary ammonium s~lts. 

2: Modification of zeolites to enable them to 
exhibit new catalytic properties 

We will modify several zeolites by steamiLJ, 

silylation,· acid treatment, and other techniques to 

change (1) Al distribution and thus, acid strength 

dietribution and (2) accessibility. We will evaluate 

the performance of such modified zeolite in typical 

acid catalysed transforr.ations. 

I I 11 I I II • I I I -
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Characterization of nev zeolites 

During the first year of this project, NCL has 

made two new crystalline zeolites. Since any new 

zeolite is of fundamental and potential technical interest, 

ve are engaged in a major program to study the structure 

and physicocbeaical and catalytic properties of ~eae tvo 

unknown materials. 'l'Wo types of tests will.be illipleaented~ 

a: Model coapound test n-C& vs Me-C5 

b: 

Here we will need experts in zeolite reactions. 
I 

Commercial reactions (e.g. like Selecloforming) and 

devaxing) 

In the first 3-4 months, further exploratory 

synthetic studies will be car~ied out to delineate and 

standardise conditions to get good quality zeolite 

crystals in high, ~eproducible yields. In the remaining 

lllOnths of t~e year, the physicochemical and catalytic 

properties of this new zeolite will be studied in a 

~ syst~tic and thorough manner. 

3·: Synthesis of z~9lites with new chemical concompgsition 
and latt!ce f ra.nework structu~e 

We will try to introduce B, Po, and other heteroatoms 

into the framework of new zeolites we discovered. We will 

use various physicochemical techniques (MAS NMJl, ESR, XRD, etc.) 

to confirm the incorporation of heteroatom(s) in the lattice. 

;20, 
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4. Catalytic applicctions of novel ferrisilicates 

During ~988, many novel ferr1s111cates lite Fe-Y, 

Fe-beta,· Fe-ZSM-23 and Fe-ZSM-20 were synthesised in the 

execution of the UNDP Project. During 1989, soae of thea, 

especially Fe-Y and Fe-beta, will be evaluated for potenUal 

application aa hydrooractlng and dewaxing catalysts. For this 

purpose, •tals lite Pt or Pd will be introduced in thee~ 

zeolites. Due to the presence of Fo, the •ta1·c11sperslon of 

.1n· these ferr1s111cate Zeoli tes ls expected to be •ore stable 

than in the corresponding alU11inosilicate analogs. 

$. Inl tlate studies on 
-and bindi frame.,rt-Fe zeolltes • 

.Find suitable binders which do not contain al1ain1a to prevent Al 

exchange iftto the zeolite fraeewort during preparation, use or . 
regeneration. 

Determine the effect1 of binder1 on catalytic activity, 
adsorption capaelty, surface area, etc. 

. 

·. Detel'lliiie Al exchange from Al-containing binders into .Fe zeoli•• 

Ose catalytic activity te1t1, NllR, Nll3 TPD, IR, etc. C1111pare binder-· . 

free and bound •aaiples before and after theraai and hydrothe.1:11a1 ·. 
treatments. 

6. Work schedule 

Th~ •chedule of work along with UNDP inputs •~ 1.,...ri1ed below. 

1989 Study Tour1 and Fellowahlpa are iilso summarized on Tab·re-u 

Equipment proposed for 1989 are IUIWDarized on Table X. 



THIRD YEAR 

We will evaluate at the bench scale level and 

over long time periods ~hose new zeolites which wete 

prepared during the first two years .of this project. 

We will evaluate these materials for possible use in 

xylene isomerisation, naphtha reforming, hydrocracking, 

hydrodevaxing and for other important petrochemical, 

chemical and petroleum processing applications. 

FOURTH AND FIFTH-YEARS 

During the fourth and fifth years, those new 

zeolites which show promise in specific chemical 

applications will be identified. Further work will 

be focussed on two area• 
.• 

1: Scale-up of the synthesis of the new zeolites 

to pilot plant and commercial batch levels. At 

this phase ~f the project we will collaborate 

with catalyst manufacturing companies. 

21 Process dovolopmont loading to proliminory 

process design packages for selected chemical 

processes of industrial importance. 

We will also prepare and submita.Flnal Report 

containing all publications and internal reports from NCL 

in· the area of zeolite catalysts prepared under this project 

during this period. 

22. 
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WORK SCHEOOLE 



• 

1'.> 
- ..r .. 

-

·.: ... -· ... 

2. m. 1. StNllESIS (f' 

t£W ZE.ll.llES 

2. ~SATl<W . 
3. /CTIVllY lESTJN; 

.:e 

V.P. SflRltKM 

J. KlRNILLA 
S. SIVA9MR . 

3. m. 1. 2fll.11E KDIFICATICW v.F.SilfW.JCM 
2. omcTERISATl<W J. KlRNIUA 

3. ICTIVllY lESTIN; S. SIVAW«ER 

so 

70 
120 

so 
so 

120 

-2--. 

16· 

• ~ 

.. ... ~'. . ... . ~ ·':· . . ... . . . ..... .... ·. ·"" .... 

Mll51U£ #W..~ 
(10,(D)) 

NX RR XII> C 60,CXXJ) l 24* 
El.E.CTRM..IHE ( 25,(XXJ) 

9Jf'. N£A RA.. ( 20,(XX)j) 
Fl.61CW /ff'. (20,CXXJ) 
VlmETER (25,CXXJ) 
~ !P. (25,(XX)) 

- - - - - 4. m. 1. sm. <Fm.. WllH v.P. snRttKM so 
tel <DP. Im SJR. 

2. OWUCTERl~Tl<W S.G • .au: ~ 

3. /CTIVllY lESTIN; S. SIVAW«ER 120 

~~ .. i ... !~~~~ ........ .. 
* S.G. HEGDE. I. BALAKRISHNAN, P.N. JOSHI AND A.P. BUDHKAR 
•• P. RATNASAMY, R. KOOR AND S.t(.DATE 
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.\11 

Period 

1990 

· Acti•itJ 

1. S7nthesia of zeolites 
contain1na Hi, Pd, Pt 

2. 0..racterisation 

3. Bench scale evaluation 

f'eraon Man-power 
In-charge utilised 

man months . 

- V.P. Shiralkar 200 

- S.G. Heade 200 

- S. Si vasanker soo 

e 

... • .'! 

-
Ite• lo Equipment to Fellow- Study 
(Ann. f be provided ship• tour 
\lf proj. br UNDP m/m ra/m 
documisnt 

(Coat, ,) 
. per1on person 

18.0 6.0 

e 



- l':> 
O'\ .. 

. -

I 
Period 

1991 

1992 

Actint:r 

1. Scale-up of zeolite 
s1ntbe•i• to 1 ks. 
level at lfCL 

2. Olaracterlsation 

3. Process development 

e 
P.eraon 

In-chars• 

· - G.R. V. lrishnan 

- s.G. Read• 

- G.R.V. lrishnan 

-
1. Scale-up of zeolite - G.R. V. lrishnan 

aynthesia to SO ks. 
level at catal1st 
manufacturer'• 
premises 

2. Qlaracteriaation 

3. Process desisn and 
aelll-pilot plant 
tests 

Final evaluation 

GOI 
UNDP 

UNI DO 

- S.G. Reade 

- G.R.V. lrishnan 

Han-power 
utilised 
111an month• 

200 

120 

580 

100 

so 
300 

·~ e 
Equipmat to 
be prodded 
" UNll'' ~Cost, f > . 

Ita No. 
(Ann. V . 
of Proj. 
document 

Fellow- Studf 
ahip• tour 
ra/• ro/m 

18.0 6.0 

1.5 



F : Decisions and rec~ndations 

The tasks and actions reca..ended are i 

--- ----- . - - -- - . 
ND. Action reco••ended Agency Dateline 

in-charge ----

1. Combine certain •Expert• classifications 

•. 2. Speed up t:he handling of •Expert• visits 

3. Speed up authorization procedures of 
cantracts for XRD <and other> analyses 

4. O\ane• same equip-.nt order 

5. Shift unusued ··Expert's Visits• and 
•Fellowship-Study Tour• funds ta 1989 . - -----

6. Authorization of Travel Agent in i'Ufte --for travel arrangeMnts ... ---------------
7. 

----------------------- --- -- _ .. 
e. . 

~------------------------------------· -------- --- ---- -
9. -

------------------------------------------------------
10. 

----~------------------------------------------------------ -----
•. 

27 
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LONFCf\MED COPY 
~Ii£D ~~':'l!'J:;.; ~~~~-~~ 

~~.!_OF TllUCVEl<HM£HT 0Ll!!1!>~ 

!~OJC:CT OOCU!<ENT 

Dev~.: --:,~en~ ;...•f riovel _;.:~!.ape Se!e~t:.•1e 
Zcoi1t~ ~a~al~scs 

N1111a')er ';JP I !tf~/S7/007 /i:./iJl/~7 
P:d.naary Function Exp.::-iftental/Pilot -·

~ura_ic,n: 5 years 

Secor.dar.1 
Fun, ti on lnGt1tution Eui.lding 
Sector(Govt.Class~CP•'"!lllicals 

Sub-S£ctor Petro~heaicals 
(Govt. Class.) 

S&ctor(UHDP 
Class.) 

S~-Sc:t!tor 
(UiUiP Class.} 

Develcpa.;11t and Tr'lnsfer of Technology 1629 

In~ustrial r.evelc1=--~~nt Support Services/ 
Rese~rch an~ Devel~pa~nt 0510 

Goverr.Jra~nt Imple~ Council of Scientific and Industri&! Research 
11t~ntin9 kgon,cy through Uational CbOllliccal Laboratory. Puna 

Esti~~te~ July 193i 
Starting Date 

Executing Agenc7 United Natiens Incustrial Develcpment 
Or9anizati~n (UNIDC) 

Goverru;~nt Inputs R&. 22:200,UOO 
(in kinJ) 

S!GHZ?:> 

t•EA' s lt!tter no. F8/~s1es .. uN 
On behalf of Lhii! Covo1·1a:!u~nt 

UNIDO letter 
On l•ehal! of tb.t Executing faguncy 

Henry J. Nardi 
Resident Rcprosentativo a.t. 
On ~&half of the united ~ations 
Dev.::lopmant Prcgraruth! 
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Sumnary of work done upto October 1988 

1. Work plan envisaged for 1988 

{See CfA's report of ~c. 1987) 

The work plan envlaaged for 1188 In thl• 
proJect waa 

(1 ~ Synthesis and character lsatlon of zeol ltes , 
with fau)aslte structure and containing Iron 
In the lattlce framework, and 

(2\ Characterisation of the structural, physlco
chemlcal and catalytic properties of a new 
zoolltlc materlal of unknown structure. 

2. Work accomplished upto October 1988 

A. Synthesis and characterisation of novel zeolltes 

(1) Zeollte with fauJaslte structure and 
ccntalnlng Iron In the lattice framework 
(Annexure - 1\. 

(2) ·A ferrlslllcate zeolUe with the structure 
of ZSM-23 (Annexure - 2 >. 

(3) A ferrlllllcate zeollte with the structure 
of beta (Annexure - 3). 

I •I I 
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(4) Two a I uml nos 11 lcate zeol ltea wl th unknown 

novel crystal I lne structures (l.111-1 and 

t.111-2), ~Annexure - 'IJ. 

!S) Direct synthesl1 of high 1lllca, 
port morden I te (SI02/A1 203 • 
(Annexure - 5) • 

large 

30). 

(6) Direct ayntheala of high al I lea EU-1 

ca1021A1203 • 120-530), fAnnexure - 8). 

B. Pub I I cations 

f .t pub II cat Ions fAnnexure - 7). 

'1 patents (Annexure - 8). 

D. No·N and better method.a of propnr ln!I known 1eol lte1 

Zeol I te beta was prepared from comnonly 

aval lable 11 I I lca gel rather than the 111 lca 101 

or tetraethyl ortho1illcate used 10 far CAnnexure - 9) • 

. - . 30, 



\nnexure 1. 

laonmrphous substitution of Fe In the fauJaslte lattlce 

(See pub I I cat Ion No. 10, a paper presented at the Amer lean 

Chemical Society, •ymposlum on 'Advances In Zeollte Synthesis 

at LA, USA In September 1988). 

Abstract 

Crystal I Ina fauJaal te Y zeol ttes containing Iron have . 
been prepared. Evidence for the presence of Fe In the · -- e 
lattice framework Is obtained using >CRD, 1olld state MASllllR, 
ESR, both framework and hydroxyl IR 1pectroscople1 and OTA. 

Spin echo experiment• (~) Indicate that the 1pln-1pln 

relaxation time of 29s1 I• shortened due to Sl-0-Fe 

lnteractlons In the lattice. 

An!!•xure 2. 

laonmrphoua substitution of Iron In the ZSM-23 lattice 

Starting from raw materlaJ free of Al a ferrlslllcate 

zeollte with Sl<?i • 110 was synthesised whose ><RD pattern 
Fe203 

matched with those of ZSM-23. Fumed slllca (Cab-0-Sll) 

containing less than 10 ppm Al was used as the source of 

SI. Evidence _for the structure and framework poa I lion of 

Fe has been deduced from a variety of techniques. The SEM 

photographs reveal the absence of amorphous matter. 

1. Chem I ca I' compos It I on 

Chemlcal analyala (atomic absorption) showed values 

~f, 



of SI02 /Fe2o3 • 110 and SI02 /A1 2o3 2000, re•pectlvely. 
Al could not be detected by ESCA or MASN~. 

2. XRO 

The sample had the XRD pattern of .ZSM-23. Due 
to the low concentration of Fe, any shift In 20 values 
could not be dlatlngulshed. 

3.· §!! 

A peak at g • 4.4 Indicating Fe3• In Td poaltlon 
bas been observed. 

4. FrameWC>rk IR 

All the peaks matched well with those of ZSM-23. 

5. Adsorption At 25~C at P/p0 • 0.5. 

H2o 
n-hexane 
Cyclohexane 

ZSlJl-23 CAI l 

5.6 

7.2 
3.2 

ZSM-23 (Fe) 

5.8 

8 .. 5 

3.5 

The results Indicate the absence of occluded oxides 
of Fe In the pores. 

e. Catalrtlo aotlyltr In m-xrlene l1omerl1atlon 

-The-· sample's activity In ··this reaction was slml lar 
to those of ZSM-23 <Al) though there algnlflcant 

32, 
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6. differences In selectivity. The ca ta I ytl c ar:t Iv lty 

l~dlcates the presence of acid sites In the ferrlslllcate 
wh I ch cou Id ar lse on I y by the I somorphous subs ti tut I on 
of Fe In the lattice since the concentration of Al was 
too low to account fer the observed catalytic activity. 

COnclu1lon 

A novel ferrlslllcate zeollte with the lattlce 1tructure 
of ZSU-23, whereln Fe3• la lsomorphoualy substituted In 

the lattlce has been synthesised. 

Annexure 3, 

lsomorphous substitution of Iron In the lattlce of beta 

zeol I te 

Starting from raw material free of Al ferrlslllcate 
· zeol ltes have teen synthesised whose XRD pattern •tched 

well with those of beta zeollte. Fumed slllca (Sigma) 
containing less than 10 ppm, Al was used as the source of 
SI. Evidence for the structure and framework poal tlon of 
Fe h.as been deduced from a variety of techniques. 

1. Chemlcal CO!!!)Otltlon 

Zeo I I tea wl th 2 ce.f11)01 It I on were 1ynthe1I1ed. 
Chemical analysl1 (atomic absorption) Indicated values 
of. SI0

2
!Fe

2
o3 • 22 and 37, respectively In the two 

zeolltes. In bott: zeolltes, the value of SI02/A1 203 

'3 3. 



was greater than 2000. Al cou Id not be detected by 
ESCA or~. 

2. ~ 

Even though the XRD patterr Indicated the structure 

to be siml lar to that of beta, the 20 values were 

shifted to lower value1 a1 expected from Fe a·ubatltut Ion 
(for Al) In the·lattlce. 

-3. DTA/TG 

s. 

The exothermic peak due to lattlce col lapse was 

shifted to a value &o'b lower than the Al analog. (813 

ln•tead of 873 ~K). Similar shift• are ob1erve1J, for 

example, In the ZSM-5 1y1tem due to the lower thenMI 

atablllty of ferrlalllcate zeolltes compared to their 
alumlnlum analogs. 

A peak at g • 4.4 Indicating Fe3• In Td positions 

has been observed. 

Adsorption At 2s•c and P/p0 • 0.5. 

Beta (All Beta (Fe) 

H20 19.2 23.4 
n-hexane 15.7 18..4 
Cyolohexane 17.2 18.8 
SI02/~03 48 37 

The re1ult1 Indicate the absence of occluded oxides 
of Fe In the pores. 



The broadening of the 13c and 29s1 peaks due to 
the paramagnetic susceptlbl 11 ty effect of Fe3• Is 

observed further su:>portlng the hypothea II that Fe Is 

In lattlce positions. 

7. Catalytic activity In m-xyle;:•· lsomerlsatlon 

Even though the activity of beta (Fe) was 1lmllar 
to that of beta (All, the former had better aelectlvlty 
for . lsomerlsation 
equal conversion 

(vis-a-vii 
levels. The 

disproportionation) 
catalytic activity 

at 
of 

beta {Fe) Indicates the presence of acid sites which 
could arise only by the laomorphou1 aub1tltutlon of 
Fe In the lattlce alnce the concentration of Al was 
too low to account for the observed catalytic activity. 

Conclusion 

A novel ferrlsl llcate zeollte with the lattice structure e 
of beta containing Fe3• l1omorphously aubstltuted for Al 
In lattice has been 1ynthe1l1ed. 
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Annexure - 4 

1. Novel zeollte with unknown structure '~-1l 

. _A novel crystal I lne alumlnosl I lcate of unknown 

crysta I structure has been synthes I sed wl th a 

SI02/Al 2o3 ratio of about 300 u~lng ~ as the 

organic guest molecule. The XR> pattern (Fig. 1 ), 

framework IR apectra (Fig. 2) and DTA/TG (Fig. 3) 

and adaorptlon propertle• (Table 3) Indicate It 

to be a zeollte with low adsorption volume and 

unknown crystal structure. 

Inf rared spectra (Dlf fuse reflectance FTIR) 

In the hydroxyl vibration region reveals sharp bands 

at 3740. 3715, 3680 end 3520 
. -1 

cm • The bands at 

3740 and 3715 -1 are due to a I lanol groupe. On cm 

exchange with 020• a fast H-0 exchange occurred. 

All Qi groups disappeared (In IR) and new bands 

appeared at 2780, 2740, 2724 and 2590 crn- 1 conf I rmlng 

that the orlglnal bands are due to Qi groups. 

Ads~rptlon of methanol also results In the disappear-

ance of all Qi bands. However, on pyridine 

adsorption, a I I Qi bands except. that at 3520 cm -1 

disappear and band• at 1450 and 1600 cm-1 due to 

c·oord I nat Ivel y bound pyridine appear. On adsorption 

of l'li3' a II the OH bands dlaappear and band• due 

;' 



• 

to Ni
4

+ and coordlnatlvely bound N-13 appear. Hence, 

It may be concluded that the band at J520 cm-
1 

Is 

due to bridged acidic l:'Ydroxyh (SI (Q·OAI l, which 

are ar-ceas I b I e to t\O, °"'3<J-1 and N-13 but not to 

pyridine. Such behaviour Is observed In 1111111 pore 

zeol ltes I Ike erlonl te and soda I Ile. ~-1 Is, hence, 

I lkely to be a smal 1 pore zeol lte. Thia Is also 

consistent with the adsorption properties of u-.-1. 

?> 7. 
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2. Novel zsollte with unknown atructure (~-2) 

In an attempt to synthesise NJ-2, a oxide mole 

composition of : 

1.47 (TEA)20 : 16.46 Na20 : A1 203 : 30 SI02 : 800 ~O 

was tried for hydrothermal synthesis at 150'C. A 

typical batch oompoaltlon wa1 : 

-· NaAI02 • 2.32 ~ (43 .. 88 •Al203, 38.0 •NazOl • 

- SllJftll SI02 • 18.9~ g (Sigma Chem. Co. No.S-5505) . 
- Na<J-1 . 11.99 g (LR, Grade) . 
-·TEA-Br 6.17 g (Sisco, Bombay\ 

- Water . 110.00 g. . 

Following a crystalllsatlon kinetics at 150'C 

for O, 20, 70, 112, 144, 168 and 312 h cryatalllsatlon 

time, samples with different crystalllnlty were 

obtained. Phase I dent If I cat I on of eac·h samp I e was 

done by XRD patterns. Samples obtained at 20, 70, 

112 hrs exhibit unresolved multiple peaks In XRD pattern 

wl th · comparaH ve I y lower crysta 111 n I ty. A product 

obtained at 180-188 h of crystal I lsatlon II a fully 

crystalllne material and most of the peaks In XRD 

pattern are well reaolved. The XRD pattern apparently 

did not match ·In ·total with any of the known aynthetlc 

or natura I zeo 11 tea. It was therefore thought to be 

38. 
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a new zeol ltlc (Table 1, shows the XRO pattern) phase 

of unldentlfle~ structure. 

·When heated upto 1ooo"c In a thermal analyser, 

TG and OTA data show occluslon of templatlng 1pecl_e1 

and a total 1011 on Ignition to be around 19.25 ... 

The XRD of the sample after thermal analral~ treatment 

upto 1000'C showed sample to be amorphoua Ind I cat l_ng 

a total structural col lapse. The templatlng 1pecle1 

were decomoosed at 400°C for 6 hrs. The. •-.>le In 

the Na form after removal of the template at 4oo•c 
shows the structure to be In tact by XRD pattern. 

Sorptlon measurements were carried out on· sample In 

sodium form. When dehydrated upto 4oo•c under vacuum 

(10-8 nm> the CM» loss In wt. was 9. The sorptlon 

capac I ti es for var lous probe molecu I es are I lated In 

Table 2. Equilibrium sorptlon capacity for water upto 

11 '9& Indicates comparatively lower SI/Al ratio or higher ~ 

aluminium concentration. 1-2 '9& equilibrium 1orptlon 

capacity for n-hexane, cyclohexane and benzene augge1t1 

8-membered pore opening. 

Framework IR apeotra In the region (400-1200 om·1 > 

are 1hown In Fig. 1. The ~romlnent ab1orpt1on band1 

I I f (cm-1, a ong with the r requency are ll1ted In 

Table 2. The characteristic absorption bands from 

3'1. 



the IR spectra ( 540 cm- 1 - doub I e r Ing, 730 cm .. 1 -

ELSS, 1050 cm- 1 - ELSS, 1130 cm- 1 - ITSSl Indicate 

the product to be a zeo 11 te hav Ing the doub I e r Ing 

as a secondary bul I ding unit. The Intensity of the 

structure sensitive bands !460 cm-1 - T-0 bond and 

10 cm-1 - ELSS) was found to Increase with the Increase 

In cryatalllnlty. 

MAS Nl.R of 29s1 spectra helped to Identify chemical 

ah If ts for four a I I Icon env I ronments [SI {Ml), SI ( 1AI), 

Sl(2AI), Slf3Alll. 27AI MAS tut spectra slngle sharp 

peak with chemical shift (relative to AICl 3 In t\O) 

of 58.0-58.4 ppm In crystalline sample and a broad 

peak around 54.2 In amorphous sample. This Indicated 

that all the alumlnlum Is only In tetrahedral coordi

nation. 29s1 MAS ~ and 27AI LN Nl.R 1pectra are 

shown In Fig. 3 and the chemical 1hlfta are tabulated 

In Table 3. 

The anhydrous chemlcal compost tlon was found to 

7.23 s102 : A1 2o3 : 0.8 Na2o giving framework SI/Al 

to be 3.8. The value of A1 2o3 1Na2o la lees than one 

and thl1 may be due to partlal charge balanclng on 

AI04 tetrahedra by templatlng 1pecles. The SI /Al 

r"atlo obtalned~-by N,,A .,,. 2.5. Thll Information on 

SI/Al ratio suggests the zeollte to be a low slllca 

zeo 11 te. 

I I 11 Ill 



On prolonged hydrothermal treatment of the gel 

at 1so0c for 312 h, the so-cal led new zeol I tic phase, 

l.H-2 gets completely transformed Into the analclme 

phase. It was therefore thought the new phase obtained 

could either be a meta-stable phase prior to analclme 

or It could be a mixture of two phases. It seems that 

the so-called new zeolltlc phase nar be a mixture of 

gmellnlte and. analclme. Except 4-5 ~ reflections 

of 1/1 · 10, all the refl..ectlons are accounted either 

by gmellnlte or by analclme XRD peaks. Although these 

peaks match roughly In 'd' values, they differ appre-

.c.lably In I /lo values. Scanning electron mlcrographs 

showed the crystallite of 10-15 with a alngle cryst-

al I lne habit of cubolds. Thi• observation does not 
. 

support the presence of two dlffere~t phase. 

Reau I ts on XRD, ~. IR sorpt I on, and chemlca I 

composition of this so-called new zeolltlc phase, were 

supplied to Prof. Abraham Clearfield of USA and 

Prof. P. Jacobs of Belgium, to hav~ their opfnions. 

In h II rep I y, Prof. Jacob a Informed u1 that the XRD 

pattern of zeol lte 'Phi' aeem1 to match with that of 

our zeollte. tie feel• our zeollte to be a Impure 

___ version of·zeollte 'Phi'. However careful examination 

of XRD patterns of zeollte 'Phi' and l.H-2 reveals 

II I II I I 
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that they are not matching with each other. Zeollte 

'Phi' shows the absence of XRD peaks corresponding 

to d • 4 • 98 ( 26 ~ , 4. 07 ( 51 l , 3 • 21 ( 28) , 2. 96 ( 39) , 

2.90 (41), 2.85 (33), which are pr6sent In the XRD 

pattern of ..,..-2. Therefore It Is very dlfflcult to 

agree with his findings. Opinion from Prof. Clearfield 

Is P":/81 ted • 

ll>t-2 zeo11~e (the so-called new zeolltlc phase) 

when calcined at 1000°<: Is r:onverted Into amorphous 

naterlal. Careful calclnatlon around 4oo•c for 4 hrs 

removes the template from the zeollte cavity. The 

anrnon I um form Is obtained by twl ce N-t4N>3 ( 5 411 wt· ) 

exchange at room temperature. XRD pattern of l.1\1-2 

In amnonlum was almost lndentlcal to that In sodium 

and the as-ayntheslt!ed form of ll'l-2. When anmonlum 

form of ll>t-2 was deanmonlated at 400-4SO°c: for 4 hrs, 

It was found by XPS to be transformed Into analclme 

with some amorphous contribution. Such unstablllty 

of anmonlum form is not surprising with low •llica 

zeollte1 Cfor example, like type A). • Barrer and 

coworkers have reported synthesis of c.nelinlte at 205
8
C 

for 8 days from gel composition sro2 • Al 2o3 • 4.4 s102 • 

They found that the synthesis was reproducible. 

Analclma synthesis wa1 ·carrted out by thorn· at 3ao•c 
from gel composition : SrO. Al 2o3 • 3 s102 • 

• J. C~em. Soc. (1984l, 2298, 485 
( 1959 l, 195 

( 1961\ f I 983 
Lf 2. I 

II I II Ill Ill I II 



Conclusion 

ll'l-2 may either be a flOYel zeollte or a mixture 

of analclme and gmellnlte. The former poaslblllty 

Cs more probably. 
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Annexure - 5 

Direct synthesis of high silica large port mordenlte 

{See also Annexure - 8, ltemlf, a patent appllcatlonl 

High slllca, large port mordenltea (HSI.PM) find 

use •• catalyst• and adsorbents. Ethylbenzene hydro

, lsomerlaatlon to xylenes and toluene tranaalkylatlon 

with c9 aromatics are two such appl I cations. The direct 

synthesis of HSLPU with SI02/Al 2o3 !lbove 15 and capable 

of adsorb Ing more than 9 wt. '!, of benzene are unknown 

In the I lterature. HSLPM are usual IJ prepared by the 

post-synthesis acid treatment of loW alllca mordenltea 

15). However, this process has many ~lmlt-

atlons (zeollte crystal damage, amorphous matter In pores, 

special acid-resistant vessels for synthesis etc). 

During this year, a ~rocess for the direct 1y~the1l1 

of mordenlte having S 1~ above 30 and a benzene 
Al 2'>3 

adsorption above 9 'It wt. has been developed. Thi• 

material has promlsln~ pot~ntlal appllcatlon In the 

production of cume"e from benzene and propylene. Initial 

re1~lt1 are quite promising. Its advantage over the 

conventional aolld phosphoric acid catalyst are (1) 

avoidance of the acid sludge disposal and pollution 

problems and (2) regenerablllty. 



Annexure - 6 

Preparation of EU-1 zeolltes with high slllca content 

(See ~110 publlatlon No.8 
of high 111 lca Eu-1 1

, 

'Zeol I te1 'J. 

Abstract 

'Synthesis-and characterisation 
accepted for publlcatlon In 

Both ·1n the Journal and patent 11 terature, the 
mxlmum s10

2
1A1

2
o

3 
rat lo for EU-1 has been reported to 

be 120. In the present work, the synthesis of EU-1 

zeolltes with SI02/Al 2o3 ratios upto 525 has been 
accomplished. The factors Influencing the synthesis 
of such zeolltes have been systetl)Btlcally explored. 

11 I I 
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Annexure - 7 

UNDP PROJECT OR •nEVELOPMERT OF HOVEL 

SHAPE SELECTIVE ZEOLITES• 

Scientific papers published/accepted/submitted and 
under review during Sept. 87 - October 1988 

1. Papers publi$hed . 5 • 
Papers accepted for publication • 6 • 

Papers submitted but still . 3 . 
under review 

Total • 14 . 

2. "1blications 

Title 

(1) Naptha reforming over catalysts 
containing a ferrisilicate zeolite 
of the pentasil type. 

(2) Creation of acid sites by La ions 
in L zeolites 

(3) Catalytic dewaxing of petroleum 
oils over pentasil metallo
silicate zeolites 

(4) Catalytic dewaxing of p~troleum 
lube fraction• on penta•il 
zeolites 

(5) Crystal symmetry and shape 
selectivity in ZSM-5 zeolites 

3. Papers accepted for publication 

(6) Isomerization and formation of 
xylenes over ZSM-22 and -23. 

L/ 6. 

I 

I I 11 I I I 

Journal 

Appl. Catal., 
ll· 127 (1988). 

React. Kin. 
Catal. 'Lett.,.· 
l!(l), 173 (1988). 

Proc. Intl. Congr. 
Catal., 1988, 
p. 120. 

Proc. XI Ibero
.Amer. Congr. catal. 
1980,p. 741. 

Catalysis Today, 
l· 531 (1988). 

J. Catalysis 



-2-

(7) Shape selective reactions over 
ZSM-48 

(8) Synthesis and characterisation 
of high silica EU-1 zeolites 

(9) Influence of the pore geometry 
of ZSM-5, -22, -23, -48 and -SO 
on catalytic selectivity in 
reactions of aromatic 
hydrocarbons 

(10) Isoaorphous substitution of iron 
in the faujasite lattice. 

(11) Characterisation of zeolite 
beta by FTIR and Tf'.D techniques 

J. Catalysis 

Zeolites 

8th Intl. Zet>l. 
Conf. (1989). 

ACS Syap.· Adv. 
in Zeol. Synth. 
(1988) 

Zeolites 

4. Papers submitted for publication but still under review 

(12) Shape &Plectivity of BU-1 in 
reactions of aromatics. 

(13) Location and configuration of 
dibenzyl dimethyl ammonium ion 
in E0-1 by l3c-CPMASNMR 
spectroscopy 

(14) Synthesis of zeolite beta using 
silica gel as a source of Sio2 • 

Appl. Catal. 

JCS. Chem. 
Commun. 

Zeolites 



Sr.No. 

1. 

2. 

e 3. 

4. 

s. 

6. 

7. 

8. 

9. 

10. 

11. 

.. 
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Annexure - 8 

PATENTS LIST 

Title 

An improved process for the preparation 
of high silica zeolite catalyst 
coaposite material 

An improved Raptba ref ondng process 

Process for the preparation of novel 
crystalline aluminosilicate 

Process for the preparation of high 
silica large port Mordenite 

Process for the preparation of 
crystalline ferosilicate catalyst 
coap0site material 

An improved reforming process for the 
catalytic conversion of petroleum 
fractions to a mixture of hydrocarbons 
rich in aromatics 

Process for the preparation of a novel 
crystalline aluminosilicate, Encilite-12 

Process for the preparation of novel 
crystalline aluminosilicate 

Process for the preparation of f erri
aluminosilicate 

Process for the preparation of catalyst 
composite material 

Process for the preparation of improved 
catalyst composite material suitable for 
hydrocarbon conve~sion • 

I I I I I 

Application No.a 
Date of application 

784/del/87 
7-9-87 

222/DEL/88 
21-3-88 

182/DEL/88 
10-3-88 

367/DEL/88 
28-4-88 

475/DEL/88 
30-5-88 

526/DEL/88 
16-6-88 

50~/DEL/88 
9-6-88 

Applied 
~8-9-88 

Applied 
28-9-88 

Applied 
9-8-88 

Applied 

I I I 
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Annexure 9 

. TOKYO INSTITUTE OF TECHNOLOGY 
FACULTY OF ENCINEERINC 
DEPARTMENT OF CHEMICAL ENGINEERING 

()..obyama, Meguro-ku, lbltyo 151. Japan 

• Trlcphoac: 03-726-llll 
Cab!r: lTnCHOOltAYAMA 
Tdu.: 2466360 lTnCHJ 
FAX: 03-719-0415 

Dr. P. ~atnasamy 
National Chemical Laboratory 
Pune 411 008 
INDIA 

Dear Dr. Ratnasamy: . . . 

October 7, 1988 

As far as X understand, I am supposed to viait National 
Chemical Laboratory and also to join the National catalyst 
Symposium at Madras in December through UNIDO program. 

Yet I have heard nothing from you or an UNIDO 
authorities about the details of the program. To obtain the. 
permission for a leave of absence from our Government, I 
need the formal document, which contains the detail of the 
schedule.~~d tells that UNIDO supports the travel and living 
expenses-

I must return home by Dec. 20. Therefore: I have to 
leave India right after the Catalysis symposium~ Please 
make up the schedule for me and let me know as soon as 
possible. I would also like to know if I have to reserve 
air-tickets by myself or they are prepared by UNIDO side. 

Please respond me quickly because I have to apply the 
leave of absence by the end of this month at ~he latest. 

I am looking forward to seeing you in Puna. 

Sincerely yours, 

1~;,;_~ 
Yoshio Ono 

• 

I I I I I I 



OUTPUT_~_:_- Sche~ . .'!!.~..!>J .. J~ .. t~Ject Revi~ Judae•ent 

!,nd Evaluation 

It 11:1 propoaud Lhnt thu project bu rowiovod annuall7 

durina the visit of the CTA. and UNDP Expert. The proposed 
dates are : 

Hid-ter• !eview ·tiov J.·1989 
Review 3 rfov. 1990 
Review 4 Nov. 1991 
End of project Sep. 1992 
Review 

An annual progress report vill be · aubaitted to the 

Review Committee members at least one •onth prior to the 

review meeting to facilitate the review process. 
I 

..,I II 
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Annexug 19. 

U\DF.o STlDY TOUR REPORT OF OR P. RATNASAMY 

1. Cl>jectives 

llie objectives of the study tour ~re (1) to discuss with Experts in 

the f ieid of sore of the recent advances in the area of zeol i te synthesis 

and characterisation, (2) To discuss the prognrn of work to be carried out 

by visiting Nl.. scientists during the tenure of their LNP fellowship, and 

(3) to develop fiJrther contact with Experts In the f leld of Zeol 1 te Chani stry 

and Catalysts. 

2. n.rat Ion : ~r 11 19-June, 1988 

3. Places visited 

visited and had discussions with the fol lorting persons : 

'. ' 

' 
I I II 

1• Prof. P. A. Jacobs 
lkliversity of Leuven, Belgiun. 

2. Prof. E.G. Oerouane 
lkliversi ty of NElrur, Belglun. 

Prof. B. De lrron, 
3• lkllverslty of Louvaln,Belgiun. 

4. Prof. G. Frarent, 

Utiversity of GI lent, Belghm. 

5. 
Prof. S. Enzo, 
lkliverslty of Venice, Italy. 

6. Dr. G. Fattore, 
ti. 

Enlrlcerche, Milan, Italy. 

1. Dr. J. Vedr lne, 
Institute of Catalysis, Lynn, France. 

8. Dr. D. Barthaleuf, lkllv. of· 

Paris, France. 

9. Dr. g. Mutlno, French Petrolellll 
Institute, Paris, France. 

5{. 

Zeolite <llaracterlsatlon 

Zeol ite OMmlstry 

Reaction Chanlstry 

Olemical Reaction Engg. 

X-ray Characterisation of 
Zeoli tes. 



4. Activities during visits 

In addition to the discussions and visits to the labs., 
I also gave talks in the area of zeolite catalysis in most 

of the labs visited. 

S. Benefits from the study tour 

The following are some of the new ideas/concepts/techniques 

learned during the trip : 

1. A technique for qualitatively estimating the Al distr
ibution In zeollte crystals from the kinetics of water 

adsorption. 

2. New insight into the Interpretation of ~ spectra 

of zeol ltes. 

3. The preparation of titanium pentasil zeolites and their 

catalytlc applic&tlons. 

4. Technique for obtaining better quality XRD pattern 

of zeo II tes. 

5. Experimental technique for obtaining simultaneous IR/TG 
of zeolltes under adsorption/catalysis conditions. 

6. Stability and catalytic propeitles of boron substituted 

pentasll zeol ltes. 

52 • 
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Annexure 11, 

SUHHAIY 

Study tO~!!...:!!.P..~n-L.Jtexico, USA and Canada 

Sub•itted by Drs. S. Sivasanker and B.S. Rao 

National Che•ical Laboratory 

Pune - 411 008, Maharashtra 

Ref UNDP Sanction, vide Ho.IND/87/007 (37) dtd 11-5-1988 
• 

A. JAPAN 

We visited a nu•ber of research laboratoriea and bad 
_d1acuas1ons vith •an7 professors during the period - 25th 

Ha7 to 7th June. The names of the profi:ssors and their 

organisations are listed below. During 8th and 9th June, 

ve visited H/s Shimadzu Corporation's factory, at [yot~. 

(1) . Tc" yo Institute of Tec_h_l)ology, Ookayama Campus, Tokyo 

Period : 25th Hay to 3rd June (except 30th and 31st 
Hay, ond the afternoon of 2nd June). 

Discussions were held with the following professors ~ 

and their laboratories were visited. 

(a) Prof. Y. Ono Dept. of 
Chem. Engg. 

(b~ Prof. H. Nii~amo -do-

Topic 

Zeolite catalysis 

Computer auto•ation of 
reactors. 

(c) Prof. T. Yashima J>cpt. of Olea. Alkylation by zeolite 
catalysts. 

fd' Prof. K. Otsuka 

(e \ Dr. £. Suzuki 

De1>t.of 
Chem. r~ GC. 

··do·-

53, 

Methane conversion to 
olef ins by oxidative 
coupling and usina electro
chcmicol 111ethods. 

~ \ L.1..1\~" 1i C:. l. .. .,s . 

l 
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(2) Tokyo In~ttut•L~_f-~~f-'!..'l~~ M_s~~tSUl!!l_Ol~'!!.a.. Tokyo 
(2nd June} 

(a) Prof. Y. Morikawa 

{b) Prof. Y. Doi 

(3) Vaseda University, )"ok.l:~ 

(31st Har) 

(4) 

(5) 

i .. 

(a) Prof. E. likuchi 

Tokio Universiu_ 
(30th Mayj 

(a) Prof. II. Tomi nag a. 

(b) Prof. H. Hisono 

lioto University; (yoto 

(4th.and 6th June~ 

{a) Prof. T. lnui 

{b) Prof. Y. Watonohe 

(c) Prof. K. Yoshida 

(d) Prof. k. Hashimoto 

P.esource 
Utilisation Lab. 

-do-

Dept. of 
Applied Che•. 

Dept. of 
Synthetic Chem. 

-do-

Dept. of 
Hydrocarbon Chem. 

Dept. of 
IJyctrocarbon Chem. 

-·do-

Dept. of Che~. ~n~3. 

54. 

Bio-polyaers · 
ca, oxidation. 

(l)Selective 
reactions 
<ei"~ 
~.1'} 
~aeabranes 

(2) coal gassi
fication. 

F.T. •rntheaia ·. 

Het~rof.lt"cait -
catalysis 

Iaomorphous subst
ituted zenlites, 
a7ntheaia a.nd 
applications. 
Jlydroprocessing of 
heavy coal oils. 

CatalysiB by 
amorphous •etals 

Diffusion in 
zeolites. 

II t 



{6:: Osek3 J!.~1.VJt~tlt_y....__Q~a-~-~

,·7th June) 

(a) Prof. T. l•anaka 

(b) Prof. H. Miyake 

( 7 ) Shimdzu Corporation, txoto 

(8th-and 9th 'June~ 

(a) Dr. S. lliraya•a 

(bi ~r. Y. Nagai 

Lectures: {June 2; 

Dept. of 
Che•. Engg. 

Dept. of 
Applied Chem. 

Gas chro•ato
gra phy. Analy
tical-Applica
tion Lab. 

-do-

Catalysis by eveporated 
metal fil•s. 

Coal liqt14f~Q•o~ 
using metal salts. 

Cas chro•atography 
POMA. SIK-DIST. 
aethods. capillar1 
G.C 

-do-

Tokyo Inst. of TechnolC!BJ 1 Ookaya•a, Tokyo 

(11 Dr. S. Slvasanker llydrodewaxing over zeolites. 

(2) Dr. B.S. Rao Iso•erisation of .xrlenes. 

[yoto University, Kyoto :_!.June 6) 

(l~ Dr. S. Sivasanker Naphtha refor•ing over zeolites. 

(2) Dr. D.S. Rao Alkylatlon over zeolitea. 

(1} Or. S. Sivasnnkcr Cntalysis research in India. 

5S, 
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c. 

(bi 

{cl 

Attended II Ibero-a•erican syaposiua. 

Dr. S. Siwasanker presented a paper· titled 

'Catalytic dcvaxing of petroleua lube fractions 

on pentasil zeol~tes' • 

Had discussions vitn repreaentatiwea froa 
the Mexican Petroleua Institute (IMP) on colla

_ boration in zeolite catalyst·dewelopaent. 

{2J Mexico D.F D_~IJ!_..June~, 

(a) Visited ~he Hexican Petroleua Institute (IMP) • 

During our stay in USA, ve had discussions vith 
the following professors and visited their laboratories. 

(a) 

{b) 

(c) 

(d; 

Prof. 8.C. Gates C.Cntre for Cot. 
Sci • & '1"echnoloa1 

Prof. G.A. Hilla -do-. 

Prof. ti.A. &rteau -do-

Prof. A. If. Stiles -do-

5.~~~--· 
: : (p, . s . ~ I ~" s AN J' .. ~fl ) 

56. 

Heterogeneous 
catalJ•t• 

Methane actiYation, 
alcohol utilisation 
and M'l"BE production 

Surf ace studies 
of oxides 

Cencrol discussion 
on industrial 
aspects of catalysis 



_ c; -

On 23rd June, ve attended the researc~ review 

•eeting of the Centre for Catal1tic Science and Tech

nologJ, USA. 14 papers vere presented describing 

the vork being carried out in the Centre. 

D. CANADA 

.- (Calgarr. 27th June to 3rd Jul1f 

.. 

(a) Attended IX International congress on catalysis. 

(b) Dr. S. Sivasanker, presented a paper titled 

'Catal1tic devaxina of petroleua oils 
pentaail ••tallocilicate seolitaa'. 

over 

{c] llnd discuaslcurn vitb a nu•ber of •Ciont1•t• 

including Drs. S. CsiCSer1 and S. lhoohiar • 

. 
( d \ Ve visited Water ton SGu~gas treataent plan\. on 

29th June. 

~ e ·; \le visited S111crudc plant at Fort HcHurray on 

2nd Jul7. 

The tour vas very useful in enhancing our knowledge 

of catalysis, specifically in the area of experi•ental 

•ethods of characterising and evalua~ing catalysts. The 

tour vas highly educ~tive ond ve have prof eaaionally 

benefitted from it. 

S7. 
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SQJE SPECIFIC BEl'EFITS 

(1) We learnt the techniques of estimating the acid centres 

(both Bronsted and Lewisl on the external and internal 
. 

surfaces of zeolites ~sing adsorption of amines and 

FT- IR spectroscopy (Univ. o·f Tokyo). The shape 

selective nature of zeolite is decreased b~ the presence 

of external acid centres. This can have deterlmental 

effects In reactions I ike hydrodewaxing and alkylation 

reactions. We now plan to use this technique to 

estimate the amount One! nature of the different acid 

centr.es and use this information to improve the shape 

selectivity of catalysts. 

(2) Prof. lnui 's group at Kyoto University has synthesised 

vanadosilicates. These vanadium containing zeolites 

have exceptional oxidation activities. These zeolites 

burn off carbon deposited on them at re I at Ivel y low 

temperatures. We propose to examine the idea of incor-

porating some vanadium ions (isomorphous substituents) 

in zeolites especial· ~he Fe-analogues which need 

to be regenerated at low "emperatures to prevent damage 

to them. Such Incorporation should reduce regeneration 

temperatures significantly, 

Fe-zeo I i tes. 

S8. 

thereby protecting the 
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(3) Our discussions with Prof. Ono (Tokyo Institute of 

Technology), on gallosilicates (gallium containing 

zeol ites) was very educative. We propose to incor-

porate gal I ium zeol i tes and use these for ol igomer-

isation of light hydrocarbons. We are already workir.g 

on the use of Fe--zeolite as additives in reforming 

catalysts for incorpor-ition of. uligomerisation Ji.a•l

ton- In these catalysts. We wl 11 now also examine 

the use of gal I lum zeol ltea or gal I lum-lron-zeol ltea 

for aromatizatlon purposes. 

(4) Our visit to Prof. Gates's laboratory (Univ. of 

Delaware, Newark, USA), helped us to appreciate the 

importance of surface studies in establishing the 

identity of supported species on catalysts especially 

those prepared from complexes. 

(5) During our stay at Guanajnato, Mexico, we discussed 

with representatives from Pa.EX, Mexico, on the poss-

ibility of collaboration in zeolite catalysis. Colla-

boration In the area of lsomerisation and dewaxing 

catalysts were identified. 

(6) We also learnt about the modern and accurate methods 

applied In the acquirement of experimental data and 

the application of on-line facilities like G.C, 

quadrupole M.S a~d FT-IR. 
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Annexure 12, 

SU1111ary of Report of Training under UNDP 
project on 'Hovel Shape Selective Zeolite Catalyst' 

Raae • . 
Designation I 

Period of visit • • 

Progrcmae under • . 
which deputed 

Country visited . • 

Baae of the . . 
Specialist/ and 
Laboratory 
visited 

Expertise of : 
Laboratory visited 

Dr. Joseph Kuruvilla 

Scientist EZ, National Chemical 
Laboratory, Poona 

Six 110nths (18.4.88 to 17.10.88) 

Hovel Shape Selective Zeolite Cataly•t 

United States of Aaerica 

Prof. Bruce c. Gates 
Centre for Catalytic Science and Technology 
University of Delaware, DE 19716 

Center for Catalytic Science and 
Technology is a leading establishment 
in USA for the study of Catalysts ~pd 
Catalyst Systeas. The Laboratory · 
is well equipped for characterization 
of supported catalyst. 

8. Puxpose of visit . . S~udies in characterization of 
supported catalysts. 

9. ·specific knowledge : 
acquired 

Many of the catalyst precursors are air and 
raoisture aensitive. Bence it was necessary to familirise 
with the procedures adopted for supporting precursors on 
active supports such as magnesiwa oxide, aluminium oxide, 
etc. In this connection Cannula techniques for manipulating 
air sensitive materials were practiced. These ter.hniques 
involve use of a modern glove box and vacuum line._ 
Simple devices for carrying out reactions in an inert 
atmosphere, filtration of product out of contact with 
air etc. are of paramount importance in synthetic work. 
These techniques were practiced to prepare supported 
catalyst and was characterised with the help of FTIR 
spectrometry and temperature programmed decomposition 
studies. 

60. 



For exaaple iridium carbonyl cluster was deposited 
on freshly calcined magnesia. The cluster undergoes 
changes on the surface and from the IR data it could be 
concluded that at leas·t two species are present on the 
aagnesia surface. One vas strongly bound and could not 
be extracted vitb solvents. The other could be extracted -1 
and shoved two sharp ZR absorption bands at 1984 and 1978.ca • 
Thia coapound appears to be a new cluster unreported in 
the literature. Efforts are underway to fully characterize 
it by growing single crystal for X-ray analysis. 

10. Iapact of acquired 
knowledge in your work 

11. Specific aug~estions 

. • 

: 

The knowledge acquired will be 
belpf ul in preparing nev 
organometallic catalysts and 
depositing thea on supports. 
The aethods to characterise 
the catalyst will be beneficial in 
understanding the aechanisa of 
reaction on the catalyst surfaces. 

A good vacuum line aay be 
fabricated which is a prerequisite 
for any study in organometallic 
chemistry. 

A modern dry tx,x may be procured. 
A liquid nitrogen tank with 
provision to tap gas as well as 
liquid may be procured for 
maintenance of glove box as well 
as vacuum line. 

A-r11~ 
"· u~~'/V~ 

Signature of Scientist 

GI. 
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t 
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Anftexure 13a 

REPORT Q\I TtE VISIT ~ ll'lllOO PAOC3RAME 

1. 'Name.5 DR. A.N. KOTASnwE ~ 
i)"f. /4 • "l · c ttrt ") "'" 1) k" 

2. Des I gnat io_n . ScientisuC . 
3. Laboratory . National Chemical Laboratory . 

Pune - 411 008, Ind la. 

4. ProJ ect 1.n wh I ch engaged : 

s. 

6. 

7. 

8. 

DP/INl/87/007/31-01 l.tlllOO 

Novel Shape Selective Zeolite catalyst. 

Period of visit . . 
From 7th March to 31st August 1988 (6 months). 

Progranme under which deputed : 

UNIOO Project No.DP/lflD/87/007/31-01. 

Countries visited 

Belgium and France. 

Name/s of specialist/sand laboratories visited: 

(a) Prof. E.G. Derouane 
Dept. de Chimie, Laboratoire de Catalyse 
Facultes Universitaires, N-D de La Palx 
Namur - BELG I ltA 

(b) Prof. o. Barthomeuf 
Unlver•lte P Et M Curle 
Lab. De Reactivite De Surface Et $tructure 
~s. Paris - FRMCE 

(c) Prof. Peter A. Jncobs 
Kathollke University, Leuven 
Lab. Voor Opper Valaktehemle 
Leuven - BELG I u,,1 

62. 
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9. Expertise of laboratory!ies visited 

{a) Prof. E.G. Derouane 
Facultes Universitaires, Lab. oe Catalyse 
Namur (Be I g i uml • 

. (b) Prof. 0. Barthomeuf 
Unlversite P Et M Curie, OflS, Paris {France) 

(c) Prof. Peter A. Jacobs 
Kathollke Univ. Leuven (Belgium) •. 

10. Purpose of the visit 

Synthesis and characterisation of high silica medium 

and large pore zeolite materials. 

11. Specific ·know I edge! information acqu I red : 

Synthesis of high silica large and medium pore · 
.zeolites followed by kinetics of crystalllsatlon 
under hydrothermal conditions. · 

The high resolution sol Id state MAS~ of 29s1, 27A1 
and 23Na nuclei characterisation In synthesised . 
precursors of these zeolltes having different 
SI/Al ratios. 

12. impact of acquired knowledge in your work : 

13. 

14. 

15. 

. .. ... 

This certainly help to persue studies In the area of 
Novel Shape Selective Zeolite Catalysis, at National 
Chemical Laboratory, Pune 411 008, India. 

Sunmary report of the visit . . 
- Please see attached sheets -

Specif lc suggestions . No . I 

Remarks of the DI rector 
,'· ~-,L . ( . 

Signature of the Director, NCL-Pune 411: 008. 
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1""!3n nr wnrl\ 

Synthesis and ch::ir::lctcriurion or high silic3 medium pore :uid l:irgc pore zcolircs. 

Dnrknrnund : 

Zeolites are cryst:lllinc micropQrous :aluminosiliaaes and have been utilised as ionic exchangers, 

ildsorbcntS 3nd acalytic ID3tcrWS. Silica-rich zcolitcs exhibit unique :md sh:lpe selcti"Vt properties. 

By vinuc of 1hcir novel lhcnml, hydrothcmul :and :icid st:abilitics, h:iving abililJ IO re~ist coke 

fonmtion ihcy :arc \vidcly employed co c:it:ilyse lhe hydroc:irbon ~sfonmtion ructiQnsC1·3) • 

High-silia zcoliaes are usually synthesized by incorpor:uing org31lic compounds such as qu:-.lCDWJ 

ammonium ions ilnd/Or -vanous (poly) :ilkyl:unincs during the hydrothermal llCilUDCDl Of 

alumino~iliatc hydlOus gel mixmn:sC4) •. Zcolitc ZSM-S. a well known ~inbcrof die so~allccl 
penmsiJ fmnily has been smdicd extensively during die puc ~ ycm. 

Faujasitc type zeolires· have found wide acceptance as indusaial cracking, isomeriz:lcion and 

refonning c:ualysts. The lhcnnal smbility and acalytic pcrform:mcc of faujasitcs depend on Si/Al 

r:uio. lncre3Sing the rebtivc silicon content in the faujasirc fr..uncw'ork may improve the stabilicy of 
faujasite towards themral and hydrothennal degr:ad:uion. ·zsM-20 is a faujasirc like zcolitc usually 

syn~esizcd in th~ prcscr.cc of tctraethyl:umnonium ions. It is chmctcrizcd by a unit cell with 

jlexasonal symme1 "Yanda higher Si/Al ratio (3.5}. Thus, the lancr feature could ruult in hlgher· 
thtnnal, hydrothermal Stabiliry and acid sacngth with better rcsiscance IO dextivation relative tO the 

known Y-cypc faujasitc zcolices. Hence, ZSM-20, as a c:m1lysu, may be useful for the 
polymerization or olcfins or ror ~ uom:uizacion or olcflnc/parafinic liquids u well u In fluidized 
cncking or hydro-::u-bon feed nocks. 

ZSM-23 is :a medium pore zcolite belonging to the class o! pcnmsil f:uniJy. By virtue of its 

subde strUctural differences (6) as well as the higher consaiant index (7) compare_d with that of 

zcolitc ZSM-5, it could be employed as a potential c:ul:lyst in xylene isomcriz:ition· ~cti~ns. for 

achieving improved para-selcaivicy; 

The purpose of this work, is 10 prepare a series or silica-rich ~lites, preferably, other, than 

ZSM-5 lhus, having different strucrural characteristics. Therefore, a more comprehensive study on 

&he: preparation or high-silica medium pore: ic:oililc ZSM·l3 and or large pore zcolilc ZSM-20 has 

-been tinden:Lleen. In addition, the present ·study is also aimed to investigate the possibility of . 
isomorphous substitution of Fe3+ p:inl~· repJ·•cing Al3+. ions in f:lujasite t~ ZsM-20 zcolite 
lroi.mework. 
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In. ·"ac fin~ ph:uc of this progr3mmc. we repon the hydrotchnml synthesis of zco1ircs ZSM-23 
· w ZSM-20 :is well :is fcrrisilic:uc :in:i.logue of the llner. The onetic fc:uures or lh~ synthe$is. the 

. extent of cryst:illis:irion :ind qu:ulrirative ph:isc idcnrific:irion by x-ray powder diffnction are :ilso 

rcponcd. 

E1ntrimPnt3I 

Z.Colitc Syn:hcsis : 

Crymllisation or zeolitc ZSM-23 was C311icd OUl in the system : 

Pyrrolidine-- Na20 • Al203 • Sic;>i·H20. in the cempcrature nnge.1700 - 200° C ia a Teflon 
cylindrical vessels with li~ fined into a stainless steel auroclavc. The aumc:laves were be3tcd in 

elccuic31 ov~ms with a tempcnrure conaol or± 2° c. consisting of an hori2.onally fined IOClling e 
assembly. Tiiis provide~ ~ clTcctivc :ind constant stirring o~ hydro.us gels under aucogeneous 

pressure. The reagents used for the gel prcp:ir:uion were silio ~'>I (BS Ludox 40 'Ii), sodium 

aluminaae (Riedel de Haicn, 54 t. Al2~· 41 % Na'.?O 311d 5 t. H20). sodium hydroxide (Janscen 
Chcmio) and Pyrrolidinc (Pure > 98 'i Flub AG). 

To iavesti gate crystallizarion kinetics an initial hydrous gel having molar c~:npo£ition 40.0 R : 
1.7 Na20 : A1203 : 130 Si~ : 92S H20, -where R represent pyrrolidine, was heated in diffc:Rnt 
autoclaves or idcnric:tl uimcnsions with roraring speed of 40-SO RPM under conaolled conditions. · 
At differcnr stages of the hydrothermal tR':umcnt an aumclavc was removed from me oven and 

quenched ro room tcmpcranire. The solid intermediate (gel + zeolite) or final (Pure zcolitc) phases 
were s_cpar_:ued b:t filtration, washed and dried at 100 - 1100 c overnight: The product was then 

examined by X-ray diffraction (XRD) and, i.n appi"opri:ltc c~s. by Scanning Electron Micr~~opy 
(SEM). 

f,rP.paratinn .1r jhc: hvttrnus crpl 

A consistenr experimental procedure was :idorped m obrain a good hydrous aluminosilc:uc ;!cl. 

To a solution or 3.15 g of sodium :lluminate and 0,81 g of :in aqueous SO CL sodium hydroxide in 

· 70 t of water, 42,68 g of pyrrolidinc was addc:d dropwisc. umler constant ttinin1, che pH ot 
which is recorded to be> 13. To lhis mixrurc was then added 296.59 g or silic:i-sol (Ludox 40 '1) 

I ... 

with vigorous stirring. A thick gel resulted, which afu:r co~tinucd seining for a few ~utcs lhincd 
to a smooth, even consist:incy. The pH was 11.0 immcdia1cly afrer mi~ine. rose ro 12.0 after 

filu:,. ~minutes and s1:1biHzcd :u l~.5 aftc:r :in huur. 

65. 



Synlhcsis procedure for AVZSM-20 an~ Fe+ AV ZSM-20 w:is b:iscd on the recent published 

rcponsC6l. The cypic:ll comp.,sicion :idoptcd co synthesize these zeolite! w:is 1.25 N:i20: M203: 

30,2 Si02 : 26,.J TEA-OH : 267 H20. what M203 n:prcsc:nts Al+Fc oxide and TEA-OH: 
tca:acthyl:unmcmi:.:m hydroxide. The reacmnts used for lhc gel prep3r.ltion were sodiwn clumin:uc 

(Riedel de H:icn 54 ~ Al10J. 41 C](, Na203 :ind 5 'li H20). 1cD':lC1hylonhosil~c:uc TEOS (Aldrich), 

lEA·OH 40 CJ, soludon (Alia-Venaon) and Ferric Sulphate Penmhydr.ue (Fluka A.G.). In osc of 

fcrrisilic:ue :ln:Lloguc: of icolitc: ZSM-20 the: ~-on~ntr.uion or rel+ was imn as mole pcrcenc of 

.. ma1 MlO] required in dle gel composition. 

Chgnu;terizntion : 

The narurc and crystalliniry of the products where determined by X-ray PQWdcr diffraction 

(XRD) using :i Philips Pwl349/30 spectrometer fined with Ni filtered CuKa, in die 5° -500 2 8 
range. 

0 
~ ·lalues ofintcrpl:uian spacings (d A) and relative intensities (I/IO x 100) derived from x-ray 

powder diffraction pancm·s of both me zcoli1c ZSM-23 and ZSM-20 as well as 1hc ferrisilicate . 
analo~ of the latter BR essentially identical with those reponcd in lhc liacrarurc (8. 9-10). 

Samples of zeolire ZSM-23 were typically scanned at 1° 2e min·l from 18°-27° 2 a. for 

estimating the rota! crystallinity. 

Tne 100 'lo cry.stallinity was arbiaarily assigned to the mosc crystalline material obtained during 

the kinetic srudies. 

9 The .d~grcc of crystallinicy was csrim:ucd for ~olirc ZSM-20 and its f~rrisilicate analogue 
samples using chc st:indard s:imple obtained from this labor:uoryCB). In case of fcrrisilicate 
analogue samples, it was observed that the crvsrallinily decreases on inc:re3Sing the iron concent 

~ ... 

> 10 mole weight percent in lhe rc:iction mix~. 

Effe~t of remncrnrure and Sj0.,£Abil.'l. muns .. .. .... 
. The reaction mixture wirh che composition Si02/Al203 • 130, Na20/Si02 • 0,013 and 

· · H.,O/OH· ~ 280 was idopiCd co srud / the cffccc of ccmpcrarure (range 170-200°) on lhc formation·· 
ofzeolicc ZSM-23. It was observed that increasing the reaction rempcrarure enhances the rate of 
crysraJlisacion and con~ider.ably reduces 1he im.Juc1iu11 pcriui.I. Ac lower synthesis rempcr.uurc rhe 
grow1h rate is lowered wi1h 11c:uer induction pcricxJ. 



.. 

By v:irying 1hc :iluminium comcnt in lhc rclcricn mix1urcs at cons1ant synlhcsis tcmpcr.uurc. it 

:.ppc:ircd lh:u bolh rhc induction period :and the cryst:il growth suon~ly depend on SiOiJAl203 

ratio. The crys1aJ S3tion r~ zcoli1c ZSM-23 vary inversely with 1he Si02/Al203 r.uio in the 

~:iction mixture :and lhc growth r.ate dccrc:iscs wilh incrc:iscd Al conr.:nt. The SiO:!JAl20] molar 

r:u:io or lhc re:iction mixmrc h:id a profound effect o~ lhc nacure or lhe crysralline product. The -

re:icl:ion mi.~rurcs or low r:uio (e.g. R = 66) yield zcolirc_ZSM-5 phase in the cmy smges of lhe 

crysWlisation process. however, lhis ph:.se slowlv deviates.and U':Ulsforms to zcolim ZSM·l3 on 

longer cryswlisalion. In addilion, such low ratio values lc:ad to only SO._ crystllline ZSM-23. On 
lhe other hand, at higher values of Si~/Al203 (e.g. R = 300-500) cristobalitr .-as found t0 

co-cryswlize with ZSM-23, while ac very high v:ilucs (e.g. R = 1000 and above) ZSM-48 is the 
only phase formed. 

Thrrmnl nnnlvsjs · 

Thcrm:l1 analysis (TOJDTA) in flowing air was carried out.wilh 30-40 QJg sample u a be:uing 
· r:nc of !0° C mia-1 usin~ an :autoamdc S_wuon h:dcroft STA 780 thermal analyser system. An 

cndothennic wcightloss of 20 t» in the tempcr:uurc r..nge 40° • 150° C for zcolite ZSM-20 and 
about 2.0., in rhe u:mpeOrure range 400 - ~20° for zcolicc ZSM-23 is atui'.utcd IO the loss of 

loosely held wa1er in zeolirc cavities. The strong cxochenni~ effoet in the remperaturc range of 

150°-700° C. 0

Jr zeolirc ZSM-20 and 350°-560°C for zeolitc ZSM-23 arc au:ribulCd roan oxidative· 
dccomposiriCil of organic ~21ions occluded in tt11.. ·eoliccs frameworks. It is fun!\(r confirmed lha.t 

zeolitc ZSM-20 and its ferrisilicate analogue as w .11 as ZSM-23 are lhcnmlly st:ible varieties. The 
former is stable upto about 7500 C, while the laucr is ~able upto lOOO°C. 

• The acdvides envisaged ror the next ph:asc: of the prognur1~\ll....,. would cover a 

detailed ch:iracterization utilizing high resolution 13c, 27 Al, 29si and 23Na NMR MAS 

SPECTROSCOPY, elecuon paramagnetic reso11ance (EPR) specD'Oscopy and sc:mning elecll'On 
.. ~ ... "' 

microscopy with EDX analysis. 

• As a pm of lht programme. we visited Prof. D. BAR1'HOMEUF, at LaboralOire ·De 

Reacavite De Su~ace Et SD"ucrure. Paris, on May 19 ch and 20th, 88 for discussions and co : .... -
. exchan1e views on ~tivc research in the field of zeolitc science. 

• We attended a one-day mctring on "Advanced Methods In Zcolite Material Science Resc:irch~, 
held at K.irh,,!ickc Univ~rsirdt Lcuvcr. on May 25, 83. 
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\Vt. :icknowlcdgc wich chanks Prof. E.G. Dcrou:int., Prof. J. B. Nagy illld Dr. Z. G:ibclic:i for 
Y1lu:iblt. discussioa · :ind :idvicc. 

\Ve gr:ucfully :acknowledge lhc UNIDO fellowship :iward ill1d suppon by United Nations 
lndusai:il Development Org:iniz:uion, Vit.nn:i, Ausoi:i. 
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BENEFITS DERIVED FROM THE FEU.OWSHIP PROGRAMME 

I. training .. in modern aeihods of synthesising high silica 
zeolites: Prof@ssor E. Derouane's laboratory is .. 11 
equ~pped for synthesising and characterising high silica 
zeolites. We ..-re trained in state-of art techniques for 
synthesising and charaterising zeolites. This tra--ining will 
be useful in the progr- of synthesising novel zeolites 
at NCL. 

2. tra1D1"9 ln the use of NMR as a tool for characterlalng 
the lnteraediates and final z•olltic products in the 
synthesis of zeolites : Solid state NMR is an extremely 
powerful tool which has eaerged, during the last decade , 
as an lndispensible technique for cbaracterlsng zeolites. 
A solid state NMR spectroaeter (Bruker 110del J has been 
purchased be NCL ln 1988. However, there was no expertise 
available in the zeolite group at NCL to utilise this 
technique in the study of zeolites. The training acquired in 
Prof .Derouane's lab in the use of NMR will be of invaluable 
help in the fuller utilisation of the spectroaeter avai
lable already at NCL. 

3. A new ferri!ilicate zeolite with the crystal structure of 
ZSM-20 was synthesised by us during our fellowship program. 
This is a novel zeolite whose catalytic applications will 
be f urtber explored on our return to t«:L • 

·~ 4. As a part of the fellowship progr.,...., visits were 

I 

I I 

arranged to the laboratories of Profe11or1.P.A.Jaco~slat 
the University of Leuven,Selgium) and D.Barthoaeuf(CNP..S, 
Paris, France). ln !'rof.Jacob'• lab we learnt in d•tail 
the use of IR spectroscopy to characterise zeollte surface• 
while at the lab of Prof .Barthoaeuf, we acquired •dditlonal 
knowl•ci9• and ln•ight in the potential of theraal analyalt 
techniques, in chaSracteriaing the organic teaplatea during 
zeelite synthesis • 
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e 1988 ACCOMPtlSHMENTS e 
DISCOVERY 

FE-f'~llE FE-ZSM-23 FE-BETA HI~ SI HIG4 SI UN-1 UN-2 NEWS~ 
MRDITE Eu-1 FOR EETA 

SIGNIFICAM:E FE IN FE IN FE IN FIRST DlfET FIRST 011£1' CDR.E- <Dfl.E- Sim.ER 
FRAME~ FRMl«R< FRA'am< ~. (f' ~.CF. TELY ~ 1EJ..Y rel (JN) l.E$ 

HIGi SI HIGI SI S1llCTll£ STR.CTtR: EXPOOI~ 
FCR-1 flRt1 • PRlISS 

R>TENTIAL HYDRO C 1 > HYDRO HYDRO CUM ENE - C 1 > ADSORP NBJf' HYlR> 
USES MFG. 

-l!D1 fIWAX DEWAX C2> METHYL DEWAX 
.J -CRACK C2> XYL. C2> XYL • AMINES 
.c. ISOM. ISOM. 

PROCESS XYlD[ HYDRO CUMENE - - - HYDRO -DEVELOPMENT ISOM DEWAX MFG. DEWAX 

OTHER FUil.i£ - - SCALE UP SCALE UP - STR.ClU£ STR.CTtR: ~ LP 
l51mf A.A'lS IEIEl+11~- IEIEJ+11N-

TICN FD1 ATICN 
Rim XR> 

PWLICATIOO 10 - - - 12 - - .. 14 
C lffOOlI NE> -
PAID« NR.IC-
AT IONS 9 ~ 10 4 1 3 8 
C lffiJIHI NE> -

-- . 



TABLE-V 

1988 ACTIVITIES 

1. FELLOWSHIPS 

SCIENTIST INSTITUTION TU£ TRAIN IM; 

1. A.N. KOTASTHANE U. tWU. BELGill4 6 '°'· ZEOL. SYN. 
2. A. J. CHANDWiXM U. tWU. 8ELGlll4 6 '°'· ZEOL. SYN. 

3. J. KlRJVILLA U. DELAWARE. USA 6 '°'· IR SPECTR. 

2. STIJ>Y TOURS 

SCIENTIST INSTITUTIONS CONFEROCES PAPERS THE 
VISITED ATTOOED PRESENTED 

1. S. SIVASAt«ER TOO'O INST. C 1 > INTL. CCWGR. YES 6 WKS 
1 TECH. CAT. 

2. e.s. RAO • • C2> IBERO N£R. YES 6 WKS 
CONF. CAT. 

3. P. RA TNASAMY LABS. IN BELG. TALKS 6 WKS 
ITALY. r-!>ANCE 

4. L.K.OORAISVAMY LABS. IN TALKS 4 WKS 
EUROPE. USA 

3. VISITING EXPERTS 

EXPERT AFFILIATION SPECIALISATION TIME 

H.J~ LOVIN< UNOP /NfJD ZEOL. SYN. FEB.2 W<.5 
Y. ONO UNDP I TCJ<YD. J. T. CAT. REACT. ENG. DEC.2 W<S. 
SIGMUND CSICSERY UNIOO CTA - CATALYSIS OCT.15-

NOV.17 

I II I ---1...u......i..._ .......... __ ........ llllllllillllm _____________ _ 



TABLE VI 

EXPERTS CONTACTED 

EXPERT INSTITUTION SPECIAL I TY TUE 

A. VISIT ARRAt«;ED 

J.B. NAGY ..,.IV.~ NAl&lll ZEOL. CHAR. DEC.89 
'!.a• . 

S. CSICSERY ~IDO, CTA CTA 0-"T-NOV. 89 

P.A. JACOOS U. LEUVEN. BELG. ZEOL. SYN • JAN. 89 

. e S. KHOOBIAR \JU>~ REACT. 00. ' . .. . . . ---

J. LERCHER U. WIEN. AUSTRIA ZEOL. CHAR. NOV. 89-JAN, 90 

G. STUCKY ~IV. CALIF. SB. ZEOL. CHAR. ' • 
J. VEDRINE CNRS. FRANCE ZEOL. SYN. FEB.89 

• B. INVITATION SENT. ~DP SHOOLD FOLL.ON-UP 

B. J.O. ADAMS 
G. BELLUSSI 
Y. BEM TAARIT 

·e H. BEYER 

K. BISHOP i 

A. CLEARFIELD ! 
A. CORMA 

~.·' I 
R. COVINI 

S. M. C$1CSERY CCTA> 

E •.. DEROUANE 

V. FATTORE 

E. FLANN1JGEN 
J. GARCIA DE LA BPNOA 

76. 



EXPERT 

B. GATES · 
... 

W. HOLDERICH 

T.R. Ht£HES 

H. KARGE 

A. KISS 
•• H. KNOZlt«R 

F. LYTj.E 

L. MAROSI 

e. NACCACHE 

D. PETRAKIS 

J. RABO 

L.V.C.REES 

R. SZOSTAK 

R.f. SULLIVAN 
J. PETRO 

TABLE-VII 

INSTITUTION SEiflilY TU[ 

C. EXPERTS CONTACTED BUT CONFLICT OF INTEREST OR OTHER 
CAUSES INTERFERES WITH VISITS AT PRESENT. SHOULD BE 
PERIODICALLY RE-CONTACTED BY NCL OR CTA. 

w. HAAG 

J. WEITKAMP 

77. 

I I I I 
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IABLE-YIII 

SCHEDULE OF EXPERTS 

-- -- Viir--~OIIt•-----zec;11te-P~iiico:-----------i;ictioni, 
Chemistry ~1•lG11-Cbat1~~l~l11iism Chemlatry 
and . QUant. TEM fi~~A, and 

e 

CfiemiciI ____ Piociii--•71--Rumser 
Proceaa Control of 
Technolo9Y lxperta 

Catalyala1 ·Powder NW\' En@tn•tring 
General XRD A ·-----~--......~-------------------....__.._ _____________________________________________ ~---------------------

1987 1 l 2 
!988 2• 1.3 2.3 3 
1989 7 1 l 1 1 1 . .J.2 12 
1990 4 . l 1 l l 1 l ,0 10 
1991 l l l 2 2 7 7 

--- -- ------~-----------------------------------------~------------------------------------------·-----
Total 
nwaber of 

(4 ••tl 
visits 

Total 
number of 
Experts 

13 

8-12 

1 2 2 

1 1-2 1-2 

3 ~ 3 3 32 

3 1 3 2-3 20-25 

------------~------------------------------------ -------------------------------~----

··Two two-week visits of Dr. Lovlnk and Dr. Ono 



II I 

FELLOWSHIPS 

SCIENTIST 

. I • BALAKRI SHNAN 

S.G. HEGOE 

P.N. JOSHI 

· A.P. BUDHKAR 

STUDY TOURS 

SCIENTIST 

R. KUMAR 

P. RATNASAMY 

S.K. DATE 

I I I I 

I II II I I 

TABLE-IX 

198~ ACTIVITIES <PROPOSED> 

HOST INSTITUTiON TIME 

U. Of LEUVEN. BELG I ll4 6 tllN 

VIRGINIA POLY., USA 6 tlJN 

U. OF NArtJR, BELG I lt1 6 KW 

CHAU£RS ti. , SWEDEN 6 t«>N 

STATUS 

CSIR/lNlP 
APPROVAL 
AWAITED 9 

CONFERENCES TO INSTITUTIONS TO TIME 
e 

BE ATTENDED BE VISITED 

COURSE ON AKZO CHEMIE. 6 WKS· 
ZEOL. CHEM. SHELL LABS. 4WKS 
INTL •. ZEOL. SYMP. HAL DOR 
EUROP. CONGR. TOPSOE 
CAT AL. 

U. LUB 1W SAN8UX 6 WKS 

719. 

I I I 

l 
I 



TABLE-X 

EQUIPMENT 

ITEM EOOIPMENT 

A. 1. GAS CHR<»fATOGRAPH. 
<ITEM 8) 

2. REACTORS FOR ZEOL.SYN. 

e <ITEM I> 
3. HIGH PRESS. VALVES 

CITEM 10> 

B. 1. ACCESSORY FOR XRD lf'IT 
CINSTEAD OF ITEMS 5 .. 6 .. 9> 

2. BACK-PRESSURE REGULATORS 
C ITEM 14) 

3. GAS COMPRESSOR 
<ITEM 13) 

4. MOISTURE ANALYSER 
CITEM 16> 

·e 5. PRESSURE TRANSDUCERS 
<ITEM 0> 

c. 1. ELECTRO-BALANCE 
2. SURF. AREA ANALYSER 
3. FUSION APPARATUS 
4. VISCOMETE.R 
5. MOSSBAUER SPECTROMETER 

TOTAL 

BUDGET C1989> 

80. 
I I 11 I I I 

$ 

;o .. ooo 

50 .. 000 

10.000 

60 .. 000 

50 .. 000 

50 .. 000 

10 .. 000 

20 .. 000 

25 .. 000 
20.000 
20.000 
25 .. 000 
25.000 

435,000 

435.000 

DELIVERY STATUS 
DATE 

1989 1 
1989 ORDERED 

1989 

-1989 SHOULD BE 
ORDERED 

1989 

1989 

1989 j 
1989 

1989 UNDP SHOULD 
1989 AUTHORISE 

CHANGE TO 
1989 ORDER THESE 
1989 ITEMS INSTEA;'l 

Of ITEM 3 I~ 1'tE 1989 PROJECT 
DOCUMENT. 

I I I I I I II II 

j 

I II I I 



TABLE - XI 

Visits of Experts in Zeolite Chemistry and Catalysis 
-----------------·------·---------------------------------

1. Dr. J. Q. Adams, 
C/O Dr. T.R. Hughes, 4 Keith, Orinda, California 94563, 
U.S.A. 

2. Dr. Giuseppe Bellussi, ENIRICERCHE/CATA, 
26 Via Maritano, 20097 San Donato Milanese 
<Milano> Italy.\Phone 039-2-520-33404 Telex,310246-ENI-I> 

3. Dr. Younef Ben Taarit, Institut de Catalyse, 
2, Avenue Albert Einstein, 

4. 

69626 Villeurbanne Cedex, France <Phone : ~33-7-893-3471> 

Dr. Herman Beyer, 
Home Address:Hartirok utja 8-10, H-1027 Budapest, Hungary. 
Office address: Central Research Institute for Chemistry, 
Hungarian Academy of Sciences, H-1025 Budapest 
Pusztaszeri ut 59-67, Hungary. 

5. Prof. Ken Bishop, Department of Chemical Engineering, 
University of Delaware, Newark, Delaware 19716, U.S.A 

6. Prof. J. B. Nagy, 
Department of Chemistry, 
Faculte's Universitaires Notre Dame de la Paix, 
Rue de Bruxelles 61, B-5000 Namur, Belgium. 
<Phone 032-81-229-061, Telex 59222 FACNAM B> 

7. Prof. Abraham Clearfield, 

a. 

. 9. 

10. 

11. 

12. 

Texas A and M University, Department of Chemistry, 
Col 1 ege Stat ion, Te>: as, 77843-3255, U .s .A. 

Professor Anelinc Carma 
Home &ddres& 1 Me&ena 108, Madrid 28033,Spain. 
<Phone:l-202-9720> 

Dr. Romano Covini, 
Home Add.~ess : San Si mp 1 i c i ano 6 , 
I-20221, Milano, Italy.(Qffice Phone 039-2-6270-7944) 

Dr. Sigmund M. Csicsery <Project CTA> 
P.O. Box 843, Lafayette, California 94549, U.S.A. 
<Phone 415-283-2750> 

P~of. E.G. Derouane, 
Departmer'lt c:.f Chemistry, 
Universitaires Notre Dame 
Rue de Brux e 11 e~ , £, 1 Namur , B-5000 , Be 1 g i um • 
<Phone 032-81-229-061, Telex 59222 FACNAM B> 

Dr. Vittorio Fattore, ENIRICtRCHC/CATA 
26 Via Maritano, 20097 San Donato Milanese 
(Milano> Italy <Phone 039-2-520-5657, Telex 

8i. 

310246 ENI-I> 



TABLE - .<II 

13. Dr. Edith Flannigen, Union Carbide Corpn., 
Tarrytown Technical Center, 
01 d Saw Mi 11 River Road at Route 100 C, 
Tarrytown, New York 10591, U.S.A. 

14. Prof. Juan F. Garcia de la Banda, 
Hilarion Esla~a 28-5.C, 

.28015 Madrid 15, Spain. <Phone : 1~243-06e3> 

1~. Prof. B. c. Gates, Department of Chemical Engineering, 
University of Dela~~re, 
Newark, Delaware 19716, U.S.A. 

16. Dr. Werner Haag, Mobil Technical Center, 

e 11. 

P.O.Box 1025, Princeton New Jersey 08540 1 U.S.A. 
<Phone 609-737-3000, Ext. 4264> 

Dr.- Wolfgang Hol derich, 
BASF Aktiengessllschaft, ZAK/Z Ammoniaklaboratorium, 
D-6700 Ludwi9shafen, West Germany. 
<Phone 049-621-605-4072, Telex <17> 621-5934> 

18. Dr. T.R. Hughes, 4 Y.eith, Orinda, 
California 94563 U.S.A. <Phone 415-254-1711> 

19. Prof. P. A~ Jacobs, 
Centre for Surface and Colloid Sciences, 
Katholieke University at Leuven de Croylaan 42, 
B-3030, Leuven,Belgium. 

20. Prof. Helmut Karge, 

21. 

Fritz Haber Institute, Faradayweg 4-6 
1000 Berlin 33, West Germany <Phone 0305-281> 

Dr. Akos Kiss, 
Degussa A.G., Fachbereich Forschung Chemie, Postfach 1345, 
Rodenbacker Chausse 4, D-6450 Hanau 1,West Germany 
<Phone 1 049-6181-593-572, Telex 4 15200-0 dw D> 

22. Prof. Helmut Knozinger, University of Munchen, 
Sophienstrasse 11, D-8000 Munchen 2, 
West Germany <Phone 0049-89-5902-319> 

23. Dr. S. Khoobiar, 
750 Ridge Road, Kinnelont N.J. 07405, U.S.A. 
<Phone 201-838-2931> 

24. Prcfe&sor Johanne& Lercher 
Institute fur Physikalische Chemie 
Technische Universitat, WIEN A-1060 <Phone :0222-59801-4~70> 

25. Dr. F~rrel~ W. Lytle, The EXAFS Company 
10815 24t~ South Seattle, Washington 98168, U.S.A. 
<Phone 20h~242-90B4> 

82:. 
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TABLE - Alli 

26. Dr. Laszlo Marosi, 
Home Address : Leuschnerst.rasse 32, 
[•--6700 Ludwigshafen, West Germany. 

27. Prof. Claude Naccache, Institute de Catalyse, 
2 Avenue Albert Einstein 
69626 Villeurbanne Cedex, France 
<Fnone 033-7-893-3471> 

28. Dr. D. L. Petrakis, Chevron Research Company, 
576 Standard Avenue, Richmond, California,94802 
U.S.A. <Phone 1 415-620-4648> 

29. Prof. Jozsef Petro, 
Department of Organic Chemical Technolog1, 
Technical University, Huegyetem, Budapest, 
H-1521 Hungary <Telex· 22-5931> 

30. Dr. Jule A. Rabo, 

31. 

Union Carbide Technical Center, 
Old Saw Mill River Rd at State Route 100C; 
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ADDENDUM 

FINAL REPORT AND COt1t1ENTS, DP/IND/87/007 

DECEMBER 1988 

Introduction 

The Final Report submitted in Novemer, 1988 describes the 

accomplishments and status of the Project, the Work Plan and Work 

Schedule for 1989 plus the following years, and other relevant 

topics. The Report Nas prepared at the ti- of the First 

Tripartite "-eting, held in Punwt, Hove.mer, 14, 1988. The 

attached Table of Contents <Table I and II> shows t:he content of 

the Novenmer Report. 

This Dece.tler Report describes the decisions tlade at the 

Tripartite Meeting, and summarizes •Y own technical contributions 

to the Project. 

The Tripartite Meeting of November & 12§§ 

A Tripartite Meeting Nas held on November, 14 1 1988 at NCL 

in Pune, India. Participants were : 

UNDP Delhi 

CSIR, Delhi 

UNIDO,Vienna 

UNI DO 

. . 

. . 

. . 
I 

: 

Dr. L. K.Doraiswamy,Project Director, 

Dr. Paul Ratnasa•y, Project Coordinator, 

t1r. l'I. Isl a•, 
ttr. Sat Pal, 

Mr • K • N • .Johry 

Mr. M. Derrough, 

Dr.Sigmund M.Csicsery, CTA of the Project. 

'· 

' 



concluded that the Project in 1988 has achieved its 

abJectlv ... A nwmer af additional accamplish..nts t .. tify to th• 

eccel 1.nt perfaraance And ability af the NCL task farce. These 

acca11plish.ents are described in detail in the November 1988 Final Report. 

TC>le III sueearizes these results. 

lie ~e the foll0tting decisions at the Tripart:ite lll!l!ting! 

----·~·~------~-M--~-------~------~~-·-------------~-~--------~·=-:;;;=;;-=-=-~-=-=-=-=-=-=•====:p;;;;;;;:m;;;;~~----. 
~. Action recataaended "Agency 

in-charge 
·· Datel fn 

1. 

2. 

Combine certain. •Expert• classifications Trlpert.lte 
meeting 

-----~------------------
Speed up the handling of "Expert• visits UNIDO. 

Novembe_r 
. 1988 

December 1, · 

--~~----~--~--------------------------
_\Llfb'NA ___ -- 19afl-.--

3. 

4. 

5. 

6. 

Speed up authorization procedures of 
contracts for XRD <and other> analyses 

Change some equipment order 

--------~~.----------------------~------

Shift unusued "Expert's Visits" and 
"Fellowship-Study Tour" funds to 1989. 

------------------------------------

UNIDO November 21, 
__ llJl!D_Pj_~--- .;. 1938----

January 1, CL sends spec s 
vendors to ____ l_P.PJt ___ __ ---tJiNOP------

Done 

NOP will auth r- · Author1z1t1on of Travel Agent tn !'Une 
for travel arrangements. . 

. . se Air India Whenever 
·. ··-··. time ls avail b• 

o : s~ue tick' s --------------------------------~--------------------
7. Put more emphasise on ~Expert" 

l J_. · CTA · 
~----- _J..tU:r.u.L.1..ing..----------------------------.-------------

2. 
I 

I I I I 

---------~ .. 

,,.1, 
... 
• , I 
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Technical Contributions of the CTA 

The daily technical and scientific discussions with Dr. Paul 

Ratnasanay, Project Coordinator, and IM!tabers of his 6roup need not 

be detail~ here. The following illustrate the type of the 

reco..endations of the CTA, and the nature of these discussions. 

• Recomaended to conf ira the presence of Fe in the framework 

of zeo 1 i te beta < 1) by co.paring IR, etc • spectra of Fe-beta 

Fe <OH>3 , FeO <OH> etc • and <2> t1nd to 

measure -.agnetic properties (susceptibilit~y, Curie point, Curie 

Weiss point:, etc., and ttossbauer spectra of Fe-beta zeolites>. 

<Discussions with Dr. Kuaar>. 

• Suggested a way to increase the acid strength and thermal 

stability of beta zeolites by re.aving all residual Na fro. the 

zeolit:e. Exchange first with Ag-acetate to .alee the silver for. 

of the beta zeolite. Remove then all silver with a..aniua 

thiocyanate exchange. Repeat these exc~anges two or three times 

to remove the last t,.aces of N.. Work in dark <Disc::ussions with 

Dr. Hegde>. 

• Recommended the use of be~zyldiethylamine instead of a 

•ixture of benzylchloride and diethylamine to avoid the for•ation of 

unremovable r~fractory carbonaceou~ rP~idues CproLably 

~ 
0 

and anthrach h•one and r·el ated polycyclic arOflatics> after 

calcining the beta zeolite C~iscussions with Dr. Hegde). 

Helped in' the elucidation of the roles of various types of 

shape selectivities exhibited by medium-pore zeolites in xylene 

I I I 
I I I 
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isa.erization, toluene disproportionation, and toluene alkylation 

<Discussions with Dr.Ratnasa•y>. 

* Reco~ended operations at low conversion levels in all 

test reactions but especially in toluene alkylation to avoid 

c:a.plications by sec:ond.-y reactions. 

* Reco••ended seeding to i11prove reproducibility in zeal it:e 

syntheses <Discussions ..t:h·Dr. Chandwadkar>. 

• Reca..ended to initiate studies on pelleting and binder 

selection to avoid unintended Al-exchange fl"'Dtl binder to Fe-

zeolites during catalyst preparation, use, or regeneration. 

• Reca••ended the use of a test reaction for large-pore 

zeal i tes 1 a •ixture of benzene (9 parts> , D-1Cyl ene U part> and 

hydrogen (~bout 100 parts>. The reactions are isoiaerization to.-

and p-xylenes and transalkylation to toluene. Diffusion effects 

aay be revealed by •-xylene/p-xylene ratios at constant le!!. 

conversion levels. Catalysts with different activities need to be ~ 

compared at the sa.e temp~a~ure. Change LHSW's by diluting 

catalysts with inert material; 
, 

<quartz or alpha-alumina of the 

same mesh size as the catalyst> rather than by changing flow 

rates. Ca.pare apparent activ•tion energies of isomerisation and 

t.ran1N1alkylation. Always try to operate at law conver•ian 

lttvel s. 

other discussions involved possible applications of zeolites 

catalysts in the formylation of phenol, photochemical 

reactions in the presence of water Cwith Dr. Panda>, and chemical 

'4. 
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engineering and diffusion phena.ena associated with zeolitRS 

<with Dr. Dloudhary>. 

In addition, the CTA presented a Se.inar far the Scientists 

of NCL on the -urth of Nave.her, 1988. The ti t.1 e of the NCL 's 

seminar was •New Develop11ents in Shape Selective Catalysis• 

Enclosures : Tables I, II and II 
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TABLE Ill. 
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