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This Report describes my visit to NCL ir Pune,

between Novemher 24 and December 4, 1987. The Report contains
the following documents.

1.

2.
3.
4.
5.
S5a.

5b.

8.
9.
10.

Detailed Work Plan (Quarterly details for 1988,
yearly details for subsequent years)
Detailed Work Schedule

Schedule of EXPERTS
List of Equipment to be Purchased in 1988
List of All Equipment to be Purchased between 1987 and 1992

VJustification for Quantitative Powder XRD software vurchase

Justification for upgrading of the Esca-3-MK Unit
to handle high pressure reactions

Job Descriptions (with Recommendations for Experts,
Background Information and Notes)

A short note on ‘'‘Catalysis Research at NCL - The place
and role of the UNDP Project in it.

Copy of ICMA Award -Dociment
Copy of the letter o. the Prime Minister, 12.2.87.

Revised specifications for .item Ko. 19 'in project document.
~
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NCL is a very good Institute. TI:. Catalyst Group is’
particularly efficient and well organised. Notable accompli-
sheents of this group are two inventions which eventually becass
full scale industrial processes. These are Xylene Isomerization
and . Banzene Alkylation with Ethylalcohol . The former has lower
xylene loss than competing technologies. The latter uses
ethylalcohol (availabl.v in India) instead of scarce esthylene. Itr
is a new process. The attached letter of acknowledgesent by the
Prise Minister Rajiv Bandhi, and the 1985 ICMA Award show the
significance of these two accospl ishesents.

It is my feeling that this Project is a good one, and
that WNCL is a competent Institution to carry it to successful
mélction. NCL has the necessary sanpowsr and facilities. ) ¢
recommend full uv' support.

Mext week, I will visit the plants of catalyst
ssnufacturers. A separate report _uill describe my cbservations.:

L 7 7

Dacember, 4, 1987. Dr. Sigaund Csicsery -




WORK PLAN

The mnmajor objectives of the present UNDP project may be

stated as :

1. Synthesis and characterization of molecular sieves
(zeolites) of novel chemical composition containing
elements other than ainlininllsilicon in the lattice

framevork (for example Fe, B, etc.)

2. Synthesis and characterization of zéolites vith nev
structures, and .

3. Discovery and development of izdustrial applications

for these new zeolites in shape selective catalysis.

Even though there is likely to be certain overlaps, it 1is
proposed that the first three years. of this five year project be
devoted mainly to achieving objectives (1) ?nd (2); syntheésis and
characterization of new zeolites, thle.the development of appli-

cations be carried out mainly in the last twvo years.
-

A detailed wvork plan for.f§88. and a more genersl plans for
the following years are given below. A Work Schedule summarizes

a8ll these activities. .




DRTAILED WORK PLAN FOR 1988
The major emphasis during this period will be ia the

following two areas :

1. Synthesis and characterizatipn of zeolites with faujasite-
type structure and containing iron in the lattice frame-
work.

T 2. Characteri;ation of the structural, physicochemical and

catalytic properties of a new zeolitic material of unkmnown

structure.

These two areas of activities are discussed below :

(A): Faujasites containing Fe in lattice framework

Even.though natural zeolates qually contain ppm quantities
of iron in the lattice framework,the systematic synthesis of zeo-
lites (ferrisilicates) containing controlled qnantitiés of
lattice - iron has been reported only during the last 5-6 years.
Groups, including NCL, have reported the synthesis of ZSM-5 type‘
zeolites containing Fe in the lqtfice. The ptcsencé of Fe in
lattice '1t;s has been unequiﬁgzally confirmed by ESR, Mossbauer
and IR ;pectfoscopic techciques. The isomorphous subgtitution of
Al by Fe in the ZSM~5 lattice leads to some interesting differen-
ces in the catalytic properties of the zeolites in reactions like
xylene 1solerisqtiou.v dcwaiing and production of light olefins

from methanol.




Since the feasibility of substituting Al by Fe in ZSM-5
framevorks has been established, it would uve interesting to
attempt this isomorphous substitution in other, zeolitic
structures. Duiing the first year of this project, it is
prop&sed to synthesise faujasites containing Fe in the “lattice.
Such a zeolite would be interesting for the following reasons :
It is known from our earlier vork on pentasil ferrisilicates that
Fe insertion in tetrahedral sites is difficult and that not more
than 1-2 iron ions per unit cell (of the pentasil zeolite) can be
isomorphously 1ntrodpc§d. In other vwords, =zeolites with
$i0 /Fe O lowver than about 60 are unstable vhile those with
higﬁer zvilues an be synthesised vith relative ease.If a similar
sitnation prevails in the case of faujasites also, one should be
able to synthesise faujasites with high SiO0 /Fe O values. Now,
it is difficult to synthesise faujasites vith gig /A1 0  values
greater than bout 5 and post-synthesis methods which 2 :artially
destroy the lattice framework (like steeaing-extraction, szci
treatsent, etc.) have to be resorted to achieve the objccti;e?'
Highly crystalline faujasites, with a low conccntration of acid
~sices (due to the high S1i0 /Pe'O values) would have cataly;ic
properties different froms zhé;i 3f.conventional sluminosilicate

analogs. Initial, exploratory studies have shown promise.

During the initial 3-4 months, the zeolite ;ynthclcs will be
carried out at various cohditions-of temperature, pressure, pH,
OH/S1i0 , temnlates etc.to achieve inssrtion of Fe in the lattice.
The 1.3:.: caa be confirmed using ESR, IR and Mossbauer spectros-

copies which are slready available ar NCL. Ia addition, NCL has




récently procurred a solid state hHR spectrometer (Bruker MSL-
300) which is exbected to be commissioned shortly. This is a
very poverful tool for the characterization of zeolites including
isomorphous substitution by Fe.

Once the feasibility of synthesising ferrisilicate fauja-
sites is gstablished during the initial 3-4 months, a twvo-pronged
strategy vill be adapted for the next phase, 4-12 months. On the
one hand,the kinetics of synthesis will be investigated to enable
at a later date, & scale-up of the synthesis process to a larger
batch size; second.a colprehgnsive program to characterize the
physicochemical and catslytic properties of this new zeolite will
be undertaken. Correlations betwveen sjn;hesis conditions and
physiéﬁchgllcal properties 1like Si0 /Fe 0 , porosity, crystal
size, acidity, thermal and hydrotherzal 3t3b111ty and adsorption
capacity- for various adsorbates will be explored. Such data are
crucial prerequisites in developing commercial applicatioas for
any nev zeolites. In addition, the catalytic activity of the new
ferrisilicate 1ia various model reactions will be studied in the
second half of 1988 when the tvip—feactors are expected to- be
installed ﬁnd in operation st Eé£: Some of the model reactions
that are envisaged are :

) 1. Alcohol dehydration
2. o-Xylene isomerisation.
3. Toluene dilprbportionation.
4. Cracking of n-psraffins (hexadecane).
In addition, wve may also test hydrogenation and dehydro-

cyclization activities of Pt-loaded zeolite. Fe in zeolites




affects Pt-distribution in a favourable vay.

A new crystalline zeolitic material of unknown structure
has recently been synthesised at NCL. Since any new zeolite is
of fundamental and potential technical interest, it is proposed
to initiate a major program on a comprehensive study of its
structure, physicochemical and catalitic properties. Testing
facilities will be expanded to more reactiom types to ensure that
no potential abplication is overlooked. Two types of new tests
will be implemented =

a : Model compound test (e.g. speciousness
index). Here ve viii need.experts in

zeolite reactions.

b : Commercial reactions (e.g., like the ones listed
above).

In the first 3-4 months, fuf&her exploratory synthetic
studies vill be carried out to delineate and standardise condi-
ditions to get good quality zeolite crystals in high,reproducible
yields.' In the felaining months qﬁ.the year, the physicochemical
and catalytic properties of th;i!;ew zeolite will be studies in a

4
systematic snd thorough manner.

The equipment that are proposed to be procurred in the

first iear sre given in Table 1.




WORK PLAN FOR YEARS 1989-92

(SECOND TO FIFTH !BA!S OF THE PROJECT

SECOND YEAR

A: Synthesis of zeolites with novel framewvork structures

At present, there is a need for synthsising sluminosilicate
zeolites with a 3 dimensional charnnel structure without cavities
and with a pore diameter in the range 6-8A°. The absenée of
cavities will minimise coking, a shape selective reaction, and the
pore diameter vwill ensure ingress of substituted aromatics and

branched hydrocarbons. . It is proposed to synthesise this class

of zeolite using bulky long chain quaternary ammonium salts.

B: Hodification of zeolites Eg,enable'thel

to exhibit novel catalztic'nrogerties

Hodifications of known and novel zeolites by steaming, sily-
lation, and acid treatment to change the Al and hence acid site
distribution and' sccessibility will be carried out and the
portoriance of the zeolite in typical acid catalysed trcﬁaforla-

tions will b; evaluated.




C : Synthesis of zeolites with novel chemical
composition and lattice framewvork structure

In the zeolites with novel framework structure discussed,
ettempts vwill be made to introduce elements like B or Fe in the
lattice. Various physicochemical techniques (MAS, NMR, ESR, IRD,
etc.) will be used to confirm the incorporation of heteroatom(s)

in the lattice.

The bench scale e!alnation. over long periods of time, 6£
':the novel zeolites-prepared during the first two years will be
carried out. Chemical reactions of importance in the petroleum
and chemical industries 1like xylene isomerisation, naphﬁha re-
for-ing. hydrqcracklng. hydrodewaxing, etc. will be chbsen for

such evaluation.

FOURTH AND FI YEARS

During the fourth snd fiftpgyéars. those novel zeolites
which shov prosise in lpociﬁic chemical applications will be

identified and further work vill be focussed on two areas :

) S Scale-up of the synthesis of the novel zeolites to
pilot plant and commercial batch levels. This will be
dcxe 1in  collaboration with catalyst manufacturing

cospanies.




2 e Process developrment leading to preliminary process
design packages for snlected chemical processes of
industrial importance.

A final report coantaining all pubhlications and internal

reports from NCL in the areza of zeolite catalysts prepared under
this project will also be prepared and submitted during this

period.

- WORK SCHEDULE

The schedulz of work alom gwith UNDP inputs are summarised

below.




WORK SCHEDULE

Equipment to

Paraon Man-power Item No Fellow- Study
Period Activity . In-charge utilised (Ann. V :‘ 5;;;1d.d ships tour
man months of proj. (éo-t 8) m/m m/m
document ' person  person
1988
i Qr. 1. Synthesis of - A.N. Kotaathane 50 2 XRF Spectrometer - -
Fe Faujasite (1987)
(200,000)
2. Characterisation - S.G. Hegde 50 11 Twin Reactors
(120,000)
3. Activity testing "‘xy - S. Sivasanker * 120 7 Porosimeter
. Y (80,000)
2 Qr. 1. Synthesis of Fe - V.P. Shiralkar 50 8 Gas chromatographs 6 2% 3
containing (70,000)
zeolites
2. Characterisation - $.G. Hegde 50 | Reactors for
' synthesis
(%0,000)
3. Activity teating 120 '

- S. Sivasanker

# A.N. Kotasthane, A.J. Chandwadkar.
+* P, Ratnasamy, S. Sivasanker, B.S. Rao.




Person Man-power Item No E:“;g:::g .:o Fellow- Study

; Period Activity In-cliarge utilised (Ann. V ships tour
i man months  of proj. I(:éol'n:DP ) n/m n/m :
document ' ’ person  person ,
‘
3 Qe. 1. Synthesis of zeolites - V.P. Shiralkar 50 10 High Pr. valves 9 3% -
with new structure (10,000)
2. Characterisation - S.G. Hegde 70 12 Ge ' Regulators
. (1¢,000)
3. Activity testing - S. Sivasanker 120
i
4 Qr. 1. Synthesis of zeolites - V,P. Shiralkar S0 Newrin Accessory for XRD 3 1v -
with new atructure -. place of (60,000) :
AN 5649 ’ :
\\-.- ]
2. Characterisation - S.G. Hegde 70 »
3. Activity testing ~ S, Sivasanker 120 i
]
- - - Total : 200,000 (1987)
400,000 (1988)
LY L I

# A.N. Xotasthane, A.J. Chandwadkar, J. Kuruvilla. ,
#* J, Kuruvilla '




: ipment to
Person , Man-power Item No Equ Fellow- Study
; Period Activity In~charge utilised (Ann, V :' 5;;;“" ships tour
‘ man months  of proj. (&“ 8) - m/m n/m
' document ' person person
L ‘ .
] 1969
: . 1. (a) Synthesis of B, Cr - V.P, Shiralkar 200 3 ' Adsorptomat 18.0 6.0
i Fe containing ' (140,000)
5 seolites _
! (b) Synthesis of - 4 Catatest ,
: zeolites with (200,000} '
new structures , ;
, (¢) Synthesis of - 13 Gas compressors - o
L zoolites with new-.! (50,000 a
structures and "N
composition \
2. Characterisation - S.G. Hegde 220 14 Back Press. Reg.
o - (30,000) o
3 3. Activity evaluation - S. Sivasanker 480 (19, see High Press. Acc, ,
attached (45,000)
note) RSCA

Total : 485,000




ipment to
Person Man-power Item No Equ Fellow- Study
Period Activity In—charge utilised Chon, V :. ovided ships  tour
man months  of proj. ((’b-t s) n/m n/m
document ' person  person
1990
1. Synthesis of zeolites - V.P. Shiralkar 200 18 Pr. Transd. 18.0 6.0
containing Ni, Pd, Pt (20,000)
2. Characterisation - 8.G. Hegde 200 16 nzo Analyser
(10,000)
3. Bench scale evaluatign - 8. Sivasanker 500 17 o2 Analyser
'\,\. ' | (10,000)
, 18 Mass flow contro-
llers
(10,000)
20 Chromatographic
data processor
(15,000)

Total : 65,000

TN S SR ST




3. Process design and
seai-pilot plant
testa

Final evaluation :

GOI
UNDP

UNIDO

- Equipment to Item No. Fellow~ Study
Period Activity I:!:;:: ° z::lgzz:' be provided (Ann. V ships tqur
s by UNDP of Proj. [ n
man months
(Cost, 8) Aocument
1991
1. Scale-up of zeolite - G.R.Y, Krishnan 200 - 18.0 6.0
syntheais to 1 kg.
level at NCL
2. Characterisation - 8.G, Hogdi 120
3. Process development - G.R.V. Krishnan 580
,.~!.\
‘\.
1992 .
1. Scale-up of zeolite - G.R.V. Krishnan 100 - - 1.3
ayathesis to 50 kg.
level at catalyst
wmanufacturer's
premaises
2. Characterisation - S.G. Hegde 50




OUTPUTS : Schedule of Project Review, Judgement

and Evaluation

It is proposed that the project be revieved amnually
during the visit of the CTA and UNDP Expert. The proposed
dates are :

Reviev 1 - Nov. 1988
Mid-tera Review Nov. 1989
Revievw 3 - Nov. 1990
. Review & - Nov. 1991
Ead of project -~ Sep. 1992
Review

An anaual progress repori will be submitted to the
Review Commi:tee members at least one moanth prior to the
reviev meeting to facilitate the review process.




SCHEDULE OF EXPERTS

Zeolite Physicochemical Characterization Reactions, Chemical Process M/M Number
Year Zeolite . Chemistry Process Control of
Synthesis General Quant.Powder and Technology Experts*+
XRD TEM ESCA,EPR Engineering
NMR =Th

1987 1 1 1
1988 3+ 2 1 6 6
1989 2 2 1 1 1 1 1 7.5 9
1990 2 1 ", 1 1 1 1 1 1 7.0 9

\
1991 1 ., 1l 1 2 2 5.5 7

' )
\

Total 7 6 1l 2 2 3 5 3 3 27 32

* Inclgdea Dr. Lovink and Y, Ono
** Each for 3 or 4 weeks




In the first year,

it is proposad to procure the following
items listed in Annexure V of the project document :

Equipsent Data generated Price($) Expected month
of procursasnt

1. X-ray Fluorescence Analysis of 200,000 Jan. 88
spectroseter . —hemical
(item 2 in Praj. comsposition
M - 'Mn - v)

2. Porosiseter Pore structure 80,000 Feb. B8
(item 7) of catalysts

3. Twin Reactors Catalytic 120,000 ™Mar .88
(Item 11) activity of

zeonl ites

4. G6as chromato Analysis of 70,000 May 68
-graphs reaction
(item 8) products

S. Reactors for ,‘Synthesis of 50,000 May 88
synthesis of zeol ites
zeol aites
(item, 9)

6; High pressure Catalytic 10,000 July 88
valves - activity of
(item 10) - zeol ites

7. High pressure Catalytic 10,000 Juiy 88
high purity activity of
gas regul ators zeol ites
(item 12)

8. Half shell. Catalytic ) 30,000 July 88
furnaces activity of - . .
(expendable) zeoliles,.

P d

9. Inconel reactors Catalyfic 10,000 . July 88

{(expendable) activity of
. zeol ites
10. Accessory for Structure of 60,000 Nov 88

XRD unit
(instead of
items 5,6 and 9)

zeol ites




AWNNEIURE II-A

LIST OF NON-EXPEMDABLE EQUIPMENT TO BE SUPPLIED

) BY UNDP
. (Price in US ‘)
Sr.lo. Itea - 1987 1988 1989 1990
1. Reactor for syathesis 50,000
of zeolites
2. X-ray fluorescence 200,000
spectroaster
3. ‘Adsorptomat with 140,000
MS detector
&, Catatest uait 200,000
3. Deleted
6. Deleted
7. Porosimeter 80,000
8. Gas chromatograph 70,000
9. Deleted
10. High pressurs valves 10,000
11. Twin reactor uaits 120,000
12. High pressure high 10,000
purity gas regulators
with adaptors
13. Gas compressors 50,000
14. Back prassure 50,000
regulators ’
15. Pressure transducers L ’ 20,000
16. Moisture snalyser s — ' - 10,000
i7. Oxygen analyser ,’:, c . 10,000
18. Mass flow coatrollers d ' ' 10,000
19. High pressure 45,000
accessory :
20. Chromatographic . 15,000

data processor

Quantitative powder
-XRD software and
hardvare : 60,000

- 200,000 400,000 485,000 65,000

Total : 1160,000




JUSTIFICATION - FOR QUANTITATIVE POMWDER XRD SOFTWARE PURCHASE

Rccentl;, NCL scientists made a new aluminosil icate
-lt.rfial . Catalytic activity tests with msodel coapounds suggest
that it is a aedius-pore zeol ite. Physical acasurssents (XRD,
otc.) suggest that it is different from any known zeolite. We
bel ieve, that the NCL scientists succeeded ackine a4 Uew zeolits.
Quantitative Powder X-Ray Diffraction is needed for the determi-
nation of zeolite structure. Neither the necessary cosputer
software, nor the proper instrusentation, or the expertise needed
is aailable at the present at NCL. '

As structural detersination is essential for full ex—

ploitation of this potentially very significant invention, 1

bel ieve that UNDP should assist here.
I prnﬁbu four actions 3

1. Buy the software and the necusary instrusentation. A.
sofkware program is "TREOR" (P.E .Werner) , J.App .Cryst.,
18 367(1985) , or equi salent .

2. Invite Expert(s)-to NCL to t_r:ain quan,titativq Poud.r
XRD techniques. 5u99¢st'.3/ -cxpcr'ts H

£
s Dr. A K. Cheetham, Departmsent of Chemistry,
University of Oxford, . :

t Dr.P. K. Werner, Arrhenius Laboratory,
University of Btockholm, 8tockholm, Sweden.

3. Send one or two NCL scientists to a Institution where

" quantitative powder XRD is practiced for 3-56 months training.




4, Send the sasple(s) to the expert’s homse 1 aboratory for
analysis. In this case the sxpert msay not_ need to

come to NCL in June.

NCL has a Phillips 1730 XRD powder instrusant .
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UPGRADING OF THE ESCA-3-MK II UNIT TO HANDLE

——— - — -

HIGH PRESSURE REACTIONS

. -u

1" Bevevatmrien

" Preseatly, at Natioaal Chemical Laboratory, wve bhave
" BSCA-3-H! II Electron Spectrometer, nanufactured by N/s
;.'96- Scientific Ltd (The Birches Iadustrial Estate, Imber-

. -horme Lame, Esst Grinstead, West Sussex RH 197 UB), with .
"~ the following capabilities :- ;

1)

- . s,

- '1' R
"

' 1 X-ray Photoelectron Spectroscopy (Al sad Mg anodes)

- 2_._“ Ultraviolet Photoelectroa Spectroscopy.
. 7.3.7 Auger Electroa Spectroscopy.

'_",’",. ‘,; Scanning Auger Microanalysis.

5. Depth Profiling facilities.
--6.; Socou_doty Ion Mass Spectrometry.

) 7.: Residual Gas Anslysis

Hesting (600°C) and Cooling facilicies.
(Liqud Litrogen temperature)

¢
i)

In additioa, the preseat unit has got tvo chaabers,

pnpn&ticu and anslysis chambers. The preparation chamber °

‘_:. is. also provided with gas handling facilities. lHowever,
-\ o

. to more than one or two }uoophcru. In order to atudy,
‘1 iuqo:l.tu. reactions of metal loaded - zeolites, under high
i ; pressure, for example, in hydrocracking reactions, ws need

',.,;,high pressure reaction attachsent to the ESCA Spectrometer.

‘_" '5‘{”:0 is no facility at preseat to carry out reactious at

;;’---;f.'lrl_!.g.h pressures. The present instrument csa be upgraded
li ers such an accessory, in which the saaple can be czpoud
'."-ypcp é pressure of 20 bar and can ba heated upto 600°C. The
-‘.,uplc may be subsequently anslysed without exposurs to

Qnolpluro. The aspproximate cost of this occcuory vould

u uutly $ 45,000.

iy tll.' pressure in the preparaticn chamsber caanot be raised-

”!y sdding s high pressure accessory. M/s V.G. Scieatific.

-




":;‘thcrc is already a provizior of $ 45,000 ia the project
mgpﬁggont for a data asnalyser accessory for ESCA (Item No.l9
‘ of Ammexure V). This data analyser accessory has beea proc-
%f{irg‘:'_by NCL (from NCL funds) receatly aad is hence not seeded.

:_';": --;.He recommead to.replace Ites No.l2 of Ammexure V (i.e,

' ;hc lhta Analyser) with the High Pressure Accessory. The
g;i.cgn of these two items are about the same. Therefore,
IIID? vill have no additional expense. NCL should procure

_vl:bi& High Pressure Acccsaory from M/s ¥.G. Scioltific.

wie,

"II
"'I'
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e+
—— e o - st BB




1. The folliowing sections are the same for each "Job
Description” ’ ;
Duty Section
Purpose of Project
Reporting
Language

Background Inforsation.

The “"Backeround Inforsation" section is attached only to
the first Job Description.

T 2. The "Experts in Physicochemical Characterization of
Zwolite and Catalysts” classification is broken up to four sub-
categories.

3. The "Dates Required® is changed on the Job Descriptions
form far experts in Physicochemical Characterization of Zeolites
and Catalysts from that of the original proposal.

0ld "Datés Required” : 30, 35, 40, 45 months

Naw "Dates Required”.’ : Betwaen Sept. and Harch of
1988, 1989, 1990 and 1991. -

The reason of this change is that NCL has alr..adV
discovered a new zeolite which needs characterization.

Names of experts who already indicated willingness to go
_ to NCL, if invited, and names of those who should be contacted by
UNIDO, are listed on the following pages. = '

'.f
4
7




o The following have told Dr. Ratnasamy, the Director of the
- . NCl ‘s and Coordinator of the UNDP Project, that if invited, they"
will come to NCL as experts of zeolite synthesis.

. 1. Professor Y. Ono (Nov 1988) 1 =3 waeks
Tokyo Institute of Technology,
c-Okayama, Meguro-ku, Tokyo, Japan.

2. Professor E. 6. Dercuane (1989) 3 23 wasks
Director, Departsent of Chemistry, '
Faculte’s Universitaires. Notre Dase de la Paix,
Rug de Bruxelles, B-S5S000 Nasur, Belgium.

3. Dr. Clarance D. Chang,
Mobil research and Developasent Corporation,
Cantral Research Laboratory, P.0. Box 1023,
Princeton, New Jersey 093540, USA.

4, Professor J. C. Vedrine,
Institute de Recherches sur la Catalyse
2, Avenua Albert Einstein,
&9626 Villerbanne Cedex, France.

I would alsoc recommand the following 3

t. Dr. Jule A. Raba, Union Carbide Technical Center,
Tarrytown, NY 105791,01d Saw Mill, River Rd at State Route
100C, USA 3 (Phone 914-789-2333)

2. Dr. E. Flannigen, Union Carbide Technical Center,
Tmtow own, NY 10591, Old Saw Mill, Riv.r' Rd at State Route
b 8 s UBA.

In the area of zeolite charactorization, the following have
indic&tud that, if tnvitut. they will cone to NCL. as experts.

- t. Dr.T. R.Hughes,
g ' 4 Keith, Orinda, Cal ifarnia 94563, usa
‘ - (Phone s 415—254-1711), T -
7
’2. 'm.o P. Ab JlCDbS, i‘
Centre for Surface and Colloid Bcuncn.
Kathol ishe University at Lsuven de Croylun 42,
3'3030' L.uv.n| Belgium.

3. Professor H.6. Kargey
Fritz Haber Institute der Max~Planck-Gassl1schaft
Faradaywag 4—-6, D-1000, Berlin 33, FRG.

40 Dl". N‘OY|

. Department of Chemistry,
Faculte’s Universitaires Notre Dame de 1a Paix
Rue de Bruxelles, B-3000 Namur, Belgium.




S. Professor J. Weitkamp, -
Department of Chemistry,
Cheamical Technology, University of 01 denburg. .
Postfach : 2503, D-2900 Oldenburg, FRG.

I would also recommend the follawing :

1. Dr. John Q. Aaams,
c/o Dr. T.R. Hughes,
4 Keith, Orinda, California, 94543, UBA.

2. Dr. Hermann Beyer
Budapest II, Martirok utja 8-10 Hungary
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JOB DESCRIPTION

DP/IND/87/007
Post title : Experts in Zeolite Synthesis
Dauration : 3 to 4 weeks

Several zeolite synthesis experts are needed.
They should come in three consecutive seasoas,
betveean September and March, in 1988, 1989
and 1990.

Date required

Duty station

Puane ‘.adia).
Purpose of project :

: The long term objective of the project is
to develop nev shape selective =zeolites
snd their application in the petroleus aad
organochemical industries. The immediate
objectives are (a) to support NCL research
schemes for the development of syathesis,
and characterisation of new shape selective
zeolites and catalysts, (b) demonstrate
the preparation of suitable catalysts for
refinery and petrochemical industries, (c)
establish a competent research and develop-
ment team of scientists and engineers at
NCL capable of synthesising, characterigzing
and developing nev shape zeolite catalysts
and of developing their applications.

The expert will be assigned to the National
Chemical Laboratory, Pune, and in coasult-
ation with -appropriate Government suthorities
UNDP and” UNIDO, he will be expected to carry
out t}ﬁ'following tasks :

buties

(1]

- BReview NCL's. zeolite syathesis prograas
& suggest improvements.

- Advise on establishing short and 1long-
terms research objectives -~ 1Indicate
priorities.

- Clve dircections for laborstory work
on zeolite synthesis,

- KReview the equipmént available aad equip-
ment proposed for further work.

Ropdrttng : The expert will submit a report oan his find-
ings and recommendations.

Qualifications : High level scientist or ‘engineer with
oxtensive experionce {n zoolite synthesis.

Language s English




Backgrouad
inforsstion : The Indian Governmeat is keen to wse the facil-
. ities of the National Chemical Laboratory (MNCL)
to develop SHAPE SELECTIVE CATALYSTS, e.g.
zeolites. These relatively nev catalysts have
already brought dramatic improvemeats in =&
auaber of refinery and petrocheamical processes.
The 1Indian WNational Chemical Laboratory has
s proven record of iaveation, research and
development in this area.

The Project should. help Iadia to develop new
SHAPE SELECTIVE CATALYSTS and those processes
which will use rhese catalysts. Its main aad
foremost task is to evolve and demonstrate -
s procedure for the production of highly effic-
ient zeolite catalysts. It is expected that
many more novel applicatioas will be discovered
for these catalysts and they will facilitate
many chemical reactions wvhich preseatly caamot
be practiced oa an economic scale.

SHAPE SELECTIVE CATALYSTS are used for the
production of gasoline from methanol, production
of olefins, isomerization of arosatics, alkyl-
ation of olefins, alkylation of benzene aad
toluene and dewaxing of middle distillates
and lube stocks. .

NCL has been eangaged in the synthesis, charact-
erization and development of applications in
the area of shape selective zeolite catalysts
Cor the pnast b yenra, More than 60 publicutions
in research journals, 25 patents and 15 present-
ations in international research conferences
have been achieved in this aeres during this
period. N is a rvcognized insctitution wvhere
graduate jvork leading to Ph.D’s in chesistry
and cheaical engineering are carried out.
Currently, about 60 students work there for
their Ph.Ds ia these two fields.

NCLs most important accoamplishmsents are two
catalytic processes used commercially ia Indis.
These ure xylene lsomorizution and ethylbenzene
production. The forswer has better yield than
competing processes. The latter uses a compl-
etely newv and unique route based on dilute
ethanol instead of ethylene. NCL inveanted

the catalysts, wvorked out their 1large-scale

synthesis and developed the processes.




Today, these NCL catealysts are asanufactured
under license from NCL by M/s Associated Cemeat
Companies Limited, Bombay and M/s Uaited Catal-
ysts India Limited, Bombay. Naphta reforming,
production of methyl amines, toluene dispropor-
tionation, etc. are expected to be commercial-
ised in the next few years.

NCL has well established facilities for the
collection of kinetic data omn catalytic proc-
esses using different types of micro-reactor
systems. NCis Instrumentation Centre has
facilities such as ECSA, X-ray, SEN, etc.
An internationally renowned experts team in
cheaical reaction engineeriag supports reactor
snd modelling simulation vith special emphasis
on the critical problem of dynamics and
stability. However, NCLs curreat, more sophi-
sticated objectives need UNDP assistance.
New experimental and analytical facilities
are needed and technical and scieatific
expertise should be built up imn certain
critical fields. Without this help NCLs wvork
wvill not have the required and expected iampact
on the industrial developaent of Iadia.




JOB DESCRIPTION
DP/INL/87/007

Post title 3 Experts in Physicochemical Characterization
of Zeolites and Catalysts. I 2 General

Duration t Three to Four weeks, with possibility of
) ~ exmtension in subsequant year(s).-
Date required 3

fAbout three such experts are needed.They should cose in four .
consacutive ssasons, batween Septesber and March in 19688, 1969,
1990 and 1991. The first one or two expert should cose before
the end of March 1988, therefore recruitsent is urgent.

Duty station s Pune (India).

Purpose of Project 3

The long terms objective of the project is to develop new
shape selactive zeolites and their application in the petroleus
and arganocheamical industries. The imsediate cbjectives are (a)
to support NCL research scheses forr the developasnt of
synthesis, and characterization of new shape selective zeolites
and catalysts, (b) demonstrate the preparation of suitable cata-
lysts for refinery. and petrocheaical industries, :c) establish a
cospetent research and developsent team of scientists- and
aenginears at NCL capable of synthesising, characterizing and
daveloping new shape zeol ite c;tal ysts and of developing their
appl ications. -

Duties s
The sxpert will be assignad to the National cruuical Laboratory,

Pune, and in consultation with appropriate government authorities
UNDP and LINIDD, he will be sxpected to carry
out the following tasks 3

= Raview NCL'’s zeolite and catalyst characterization prograsse,
and suggest improvesents and-new msethods. .
-~
= Raviaw the instruments avai.lahlo and the instrusents r-rmoud
for further work. '

- Help dotmino the structure of the new zeoliter NCL dis °
-covered recently.

- Advise on establ ishing short and long—tera ressarch objectives
- indicate priorities.

Reporting t The expert will submit a report on his ﬂndtnn
and recossendations.

Qualifications s High level sciuntist with uxtunsive experience
in physicochemical characterization of zeolites
and catalysts.

Language s English,

22




JOB DESCRIPTION
DP/IND/87/007

Post title : Experts in Physicochemical Characterization
of Zeolites and Catalysts 3
II : Quantitative Powder X-Ray Diffraction.

Duration t Three to Fiur waeks, with possibility of
extension in subsequent year(s).

Date required : T

One expart is needed. e should come between Ssptesber and

March of 198%9. . -

) Duty station : Pune (India), or the laborstory of the fxpcrt..

Purpose of Project :

The 1long ters ocbjective of the project is to develop new
shape selective zeclites and their application in the petroleus
and organochemical industries. The imsediate cbjectives are (a)
toc support NCL research schemes for the development of
synthesis, and characterization of new shape selective zeal ites
and catalysts, (b) demonstrate the preparation of suitable cata—
lysts for refinery and petrochemical industries, (c) establish a
cospetent resesarch and developsent teas of scientists and
enginsers at NCL capable of synthesising, characterizing and
developing new shape zeol ite catalysts and of developing th.ir
appl ications.

Duties s

The axpert will be assioned to the National Chrasical Laboratory,
Pune, and in consultation with appropriate governsent authorities
UNDP and UNIDO, he will be expected to carry

out the following tuks 3

- Halp determine the structure-. of the . . new zeolitex
NCL discovered recently. _ - )

= Raview NCl.’s zeol ite catal yst pmoram,
and suggest isprov s and new methods.

= Raviev the instrusengs availablo and t.h. instrusents
proposed for further work.

Reporting s The expert will submit a mort on his findings
and recossendations.

Qual ifications 3 High level scientist with extensive experience
.in quantitative powder X-ray diffraction
structure deteraination.

Language s English.

® Aa Exzpert ia quantitstive powder X-ray diffraction needs his
own iasstrusent and computer im his own laboratory to accupulh
his task. He nnd not come to NCL ia Pune.




JOB DESCRIPTION
DP/IND/87/007

Post title ¢ Experts in Physicochemical Characterization
of Zeolites and Catalysts 3
III : Transaission Electron Microscopy. -

Duration $ Three to Four weeks, with possibility of
extension in subsequant year(s).

Date required :

One or twe such experts are needad. shnuld coae betwaen

Septeaber and March in 1989, 1990 and 1991.

Duty station s Pune (India).
Purpose of Project :

The long tera aobjective of the project is to develop new
shape selective zeolites and their application in the petroleus
and organochemical industries. The isssdiate objectives are (a)
to ‘suppart NCL ressarch scheses for the developaent of
synthesis, and characterization of new shape selective zeolites
and catalysts, (b) desonstrate the preparation of suitable cata—
lysts for refinery and petrochemical industries, (c) establish a
compatent research and developmsent team of scientists and
engineers at NCL capable of synthesising, characterizing and
developine new shape zeolite catalysts and of developing their
appl ications.

Duties s

The expert will be assigned to the National Chnical Laboratory,
Pune, and in consultation with appropriate governsent authorities
UNDP and UNIDO, he will be expected to carry

out the following tasks 3 '

- Review NCL’s zeol i.to and catalyst programese,

~ and suggest improvesents and new sethods.

= Review the instrusents availablie and the instrusents
proposed for further work. Suggest training prograsee in
transaission el octrog,bicmscokpy for NCL stafé.

= Help determine crystel size morpholosy and agelomerisation
"of NCL’s new zeol ifes.

- Advise on establishing short and long-term ressarch
abjectives - indicate priorities.

Raporting t The expert will submit a report on his findings

, and recommendations.

Qual ifications 3 High level scientist with extensive experiencs
in Transaission Electron Microscokpy.

Language s English.




JOB DESCRIPTION
DP/IND/87/007

Post title t Experts in Physicocheaical Characterization
of Zeolites and Catalysts : IV - ESCA & EPR

Duration 3 'I'hr.. to Four weeks, with possibility of
axtension in subsequent year(s).
Date required :

One or two such experts are needed. Thaey should coms betwsan
Septesbar and March in 1989, and 1990.

Duty station s Pune (India).
Purposas of Praject 3

The long tera ocbjective of the project is to develop new
shape selective zeolites and their application in the petrolaus
and organochesical industries. The immediate cbjectives are (a}
to support NCL. ressarch scheses for the developasnt of
synthesis, and characterization of new shape selective zeclites
and catalysts, (b) desmonstrate the preparation of suitable cata—
lysts for refinery and petrochesical industries, (c) establish a
compatent research and development team of scientists and
engineers at NCL capable of synthesising, characterizing and
developing new shape zeolite catal ysts and of developing their
appl ications.

Duties s ’
The expert will be assigned to the National Chesical Laboratory,
Pune, and in consultation with appropriate govarnment authorities
UNDP and UNIDO, he will be expected to carry

out the following tasks :

= Raview NCL’s zeolite and catalyst prograsse,
and suggest improvesents and new methods.

= Review the instruments avail«ble and the instrusents

propased for further work.

- Help in characterizing Fe in Fo—faujasit. and Fe~
pentasil zeolite not just qualitatively but also
quanatitatively. 4

- Advise on establ ishing short and long—ters resesarch
abjectives - indicate priorities.

Reporting s The expert will submit a report on his findings
: and recommendations.

Bual ifications ¢ High Tevel scientist with extensive experience
.in EPR and ESCA techniques (Recommended Dr.
J. @. Adams, see list. . ‘.

Language s English.
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JO8 DESCRIPTION .
GP/IND/87/007

fost title ¢ Experts in Catalytic Reactions, Chemistry and
Enginesring

Dwration s Tihwee to Four waeks, with possibility of
extension in subsequent year(s).
Date required :

About five such experts are needed. They should come in.three
consecutive seasons, between Septesber and March in 19689, 1990
and 1991.

Duty station ¢t Pune (India).
Purpose of Project =

The long term objective of the project is to develop new
shape selective zeolites and their application in the petrolaus
and organocheaical industries. The isssdiate abjectives are (a)
to support NCL. ressarch schesss for the developasnt of
synthesis, and characterization of new shape sslective zeoclites
and catalysts, (b) demonstrate the preparation of suitable cata-
lysts for refinery and petrochesical industries, (c) establish a
compatent ressarch and developsent team of scientists and
enginaars at NCL capable of synthesising, characterizing and
daveloping new shape zeolite catalysts and of developing their
appl ications.

Duties s

The expert will ba assigned to the National Chemical Laboratory,
Pune, and in consul tation with appropriate governasnt wthcritin
UNDP and UNIDO, he will be expected to carry

out the follawing tasks s

- Review NCL’s zeol ite and catal yst prograsse,
and suggest isprovesents and new sethods.

= Raview the test reactors available

- Advise on potential applications of NCL’s new zeol ites.
Select the most apropriate test reactor. Help designing
the appropriate differential and/or integral test reactor.

- Advise on establ ishfhg short and Jong—ters research
abjectives - indicate priorities.

= In later stages of the groject help in scaling up the
reaction.

Reporting s Th- expart will submit a report on his ﬂndim
and recossendations. °

Qualifications s Hioh level chemical enginer as chemist with .
extunsive experience in catalysis over zeol ites
and rnct;oq mipccring.

Language ‘s English.




JOB DESCRIPTION
_ DP/ING/87/007

Post title s Exp.rt.s in Chemical Process Tachnology.
Dur-ation : Three to Four weeks.

Date required :

About tivee such experts are needed. They should cose batween
Septesber and March of 1990 and 1991.

Duty station : Pune (India).
Purpose of Project :

The long tera ocbjective of the project is to develop new
shape salective zeoclites and their application in the gpetroleus
and organochemical industries. The isssdiate cbjectives are (a)
to suppart NCL research scheses for the developaant of
synthesis, and characterization of naw shape selective zeol ites
and catalysts, (b) demonstrate the preparation of suitable cata-
lysts for refinery and petrocheaical industries, (c) establish a
competent research and developsent teas of scientists and
engineers at NCL capable of synthesising, characterizing and
developing new shape zeolite catalysts and of developing their
applications..

Duties :

The expert will be assigned to the National Chemical Laboratory,
Pune, and in consultation with appropriate governaent authorities
UNDP and UNIDO, he will be .xpoctod to carry .
out the following tasks 3

= Advice on enginesering probless associated with cosmerciali-
sation

- Help in scal ing up the process from pilot plant to
cosmercial scale.

- Advice on - establishing. short and . Tong—-ters research
objectives - Indicate.priorities.

- Bive directions for_Taboratory and pilot plant work.

- R.vuu the oquipnd! available.

Reporting s The expert will submit a report on his findings
and recommendations.

Qualifications s High'level engineer with extensive
sxperience in chemical process technolasy. -

Language s English.

Recommendation 3 Dr. S. Fhowbiar, the UNDP Expert of this
project 3 750 Ridye Rd., Kinnelon, N.J.0740S,
usa.




JOB DESCRIPTION
DF/IND/87/007

Post title t Experts in Process Controal.
Duration 3 Three to Four weeks.
Date required :

Two or three such experts are needed. They should come between
Geptasber and March of 1990 and 1991. ’

Duty station s Pune (India).

Purpose of Project

The long ters cbjective of the praject.is to develop new
shape selective zealites and their application in the petroleus
and organochemical industries. The issediate cbjectives are (a)
to support NCL research scheses for the development of
synthesis, and characterization of new shape selective zeolites
and catalysts, (b) demonstrate the preparation of suitable cata~-
lysts for refinery and petrochesical industries, (c) establish a
compatant research and development team of scientists and
enginesrs at NCL capable of synthesising, characterizing and

" developing new shape zeolite catalysts and of developing their

appl ications.

Duties s

The expert will be assigned to the National Chemical Laboratory,
Pune, and in consul tation with appropriate govarnaent authorities
UNDP and UNIDO, he will be sxpscted to carry

out the following tasks s

= Advice on engineering probless.

= Help in scaling up the process from pilot plant to .
commercial scale.

- Advice on establishing short and long-tm rmaﬂ:h
abjectives - Indicate priorities.

-~ @ive directions for laboratory and pilot pl ant work .

- Review the equipmsent avm able.

Reporting s The .xport will -ubuit a report on his findings
 and recomsendations.

'Ml ifications 3 High level chemical engineer with extensive

experience in process control

Language . s English.

Recommendation : Professor Kea. Bishop

University of Delaware
Dept. of Chean. Engg.
Newark, Delaware 19716.




-3, . MIDDLE DISTILLATES~

CATALYS(S -gﬁu;;c'g AT NI THE PLAC o
"OP_THE UNDP PROJECT °- “I_

1. BACKGROUND:

.

Research in the ares of catalysisa aad catalytic
rsaction eangineering has been carried out at the MNCL
duriag the past 30 years. Zeolite chemistry aad catalysis
by zeolites are major areas of activity since 1980.
Todate, NCL's achievements in the area of zeolites iaclude
more than 80 publicatioas in vhe international jouraals,

.aronnd 30 Indian. patents and commercislisatioa of two

ma jor petrochemical catalysts/processes (xyleme iso-
merisation at IPCL, Baroda aad Praduction of ethyl-
benzene at HP, Vizag) vith a fewv more oa the savil.

2. UNDP PROJECT

The UNDP funded project titled DEVELOPMENT OF NOVEL
SHAPE SELECTIVE CATALISTS was started ia July 1987:1:!1
the objectives of augumenting the existing expertise
and facilities in the area of 2zeolites to enable the
development of novel shape selective catalysts. The
project is NOT oriented towards the developmeat of asay
particular process or spplication of zeolite catalyats.
Rather, the eamphasis is on the developmeant of an integrs-
ted cepability and expertise in the sres of zeclite |

catalysis.

~ . .
An earlier proposal wvas' submitted (sbout 3 years

back) by NCL for UNDP fuanding for a project for the con~
version of natural gas to middle distillates. The propo-
sal vas not accapted by UNDP which suggested s revision

to confine the project to basic studies on zcoliéu vith
esphasis on developing novel zeolitea. . Accordingly,
the present proposal (which was later approved) was sub-

sitted by MNCL_Wnder the present project, UNDP fuads are

to be used only for basic studies on =zeolites. In the
seantime, work on the siddle distillates was coatinued
st NCL, wusing NCL's funds. At preseat,NCL,Davy McKee
sand BL .t Petroleus Corpan Ltd. 'Iun- eatered into aa




- T

agreement for setting up a 1 ton/day pilot plant for
producing middle distillatss. BPCL is funding the project
The PP is expected to be ready in 2 years.




e embie st @ ssesa

Iy S

_ 1985 S

’
SSEEEnE. JisiBEEEEESE

o | | Y | s
SPECIAL CITATION af

to
NATIONAL CHEMICA'. LABORATORY, PUNE

The National Chemical Labewutory, Pune,
. have secuted ll‘lt ¢:tm:ndiu succedd :‘n blgtdng' awab‘
oviginal auﬂ ot {somesisation of zylene, con
. h’:t‘i'yl benzene.-This development cathh (o1 vesy l;igh fevel ?
w, ~ dcientific inputs ftom divetse areas. They have successfully
w antewacted with The Associated Cement Companies Limited

the Indian Petvochemicals Cosposation Limited in tuanifesting
' this complex technology i a secoud peviod.

\

w1 :

g " The Indian Chemical Maufacturets Association
secognises the successful penetration of the
National Chemical Labostery in to this fsonties
kigh-tech atea of world class and
compliments the joint endeavouts.

’ ' " . .
RN INDIAN CHEMICAL MANUFACTURERS ASSOCIATION
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PRIME MINISTER

New Delhi
February 12, 1987

Dear Dr. Doraiswamy,

| have seen your brief report on the research activities of
the National Chemical Laboratory. Although the scientists at NCL
have made several contributions, the ones related to encilite, xylanase
enzyme and tissue c'ulturcs are purticularly imporiant.  The éavelopment
of encilite and of the corresponding xylofining process will stand as

an excellent example of collaborative work carried out by the Indian

scientists and the industry.

Please do convey my sincere appreciation to the concerned

scientists for their outstanding contributions.

Dr. L.K. Doraiswamy,
Director,

National Chemical Laboratory,
Pune - 411 008
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Item name

Specifications

Address of firm

19.

High pressure accessory
for ESCA.

To operate at high
preasure and
temperature

M/s V.G. Scientific Ltd
The Birches Industrial
Estate

Imberhorne Lane

East Grinstead

Weat Sussex RH 19 IUB
U.X
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