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/I%gVery Beginning of

Heterogeneous Catalysis

xThe oHol |l andsche Schei

x Five gentlemen, among which
J.R.Deiman and A. Paets van Troostwijk
studied at the end of the 18th century catalytic
et hanol dehydrati on oV
olef rant o (ethyl ene)

x First heterogeneously catalyzed reaction

x Alcohol dehydration still important, e.g,
step I n Shell os SMPO p



/EXr.[y Homogeneous HO-Catalysis
Rec.14 (1895) 203

x Action des alcalis sur les sucres. Il.
Transformation éciproque des uns dans les autres des
sucres glucose, fructose et mannose
par M.M. C.A. Lobry de Bruyn et
W. Alberda van Ekenstein

xLaboratory of the Navy, Amsterdam
Laboratory of the Ministry of Finance

= Nowadays large -scale enzymatic (USA)
glucose< fructose

= HO ~-catalysis still applied In
lactose € lactulose
Solvay Pharmaceuticals



/ E\owr.[y Interest in Catalysis in
line Netherlands

CHEMISCH WEEKBLAD.

Orgaan van de Nederlandsche Chemische Vereeniging.

ONDER REDACTIE VAN
Or. L TH. REICHER (Amsterdam) en Or. W. P. JORISSEN (Helder).

Uitgever: D. B. CENTEN, Amsterdam.

Agent voor Ned. Indié: H. VAN INGEN, Soerabaia.

Het auteursrecht van den inhoud van dit Blad wordt verzekerd volgens
de Wet van 28 Juni 1881, Staatsblad No. 124.

T
N°. 25. Amsterdam, 19 Maart 1904. 1¢ Jaargang.
_— T eTer

Prijsvraag.
Pror. J. H. vAN 'T HOFF heeft het hem toekomende redactie-
honcrarium voor Bd. 46 (Jubelband voor W. OSTWALD) van de
itschr. f. phys. Chemie” voor een prijsvraag bestemd. Onder-
geteekenden zijn overeengekomen de volgende opgaaf te stellen:
Gevraagd wordt de literatuwr over katalytische verschijnselen zoo

volledig mogelyjki te verzamelen en systematisch te rangschiklken.

De mededingende antwoorden kunnen tot op 30 Juni 19
de redactie van de ,,Zeitschrift f. physikalische Chemie”, Leipzig,
Lini . 2, op gebruikelijke wijze (met spreuk en naam van den
schrijver in gesloten briefomslag( onder het opschrift ,,Zur Preis-
hewerbung” ingezonden worden. De prijs bedraagt 1200 Mark
en zal naar inding geheel of verdeeld vergeven worden. Over
de uitgave van het bekroonde antwoord of de bekroonde antwoor-
den zal nader met de schrijvers lerhandeld worden. Het ambt

van prijsrechter wordt door ondergeteekenden uitgeoefend.

J. H. vAN 'T HOFF,
S. ARRHENIUS.
W. OSTWALD.




/D}ch School of Catalysis

x I[mportant characteristics :

International character

Cooperation between academia
and mdustry



/F}us of this Lecture

x Cooperation between academia and industry

. Model from Finland cooperation between universitie
and industry (NRC/Handelsblad)

. Complaint by chairman VNENCW (Chemisch
Weekblad)

. Achievements in The Netherlands not appreciated
and apparently completely ignored

x Not possible to deal exhaustively with the
cooperation, which lasted more than fifty years,
concentration on examples from the experience

of the authors



/lﬁal Dutch Modesty

x Jacques Schraven,
voorzitter VNO -NCW :
NRC/Handelsblad discussion with Piet Borst

x Economy based on knowledge

x Model of Finland, fruitful co -operation between
academia and industry

x Model much earlier realized in catalysis In
The Netherlands

x Managers of Dutch industry and Dutch government
apparently less aware of achievements in
The Netherlands than of performances outside
the country



/[htch Industries involved in Catalysis

x Koninklijke/Shell
_ Petroleum and Petrochemical Processes

x Unilever
. Fat hardening; production of margarine

x Nederlandse Staatsmijnen, presently DSM

. Initially ammonia synthesis, subsequently range of processes
around production of caprolactam, acrylonitrile, range of othe

processes, presently biocatalysis (Gist)
x GIst and Spiritus Fabriek, presently DSM
. Enzymatic catalysis; yeast, penicillin

x DOW Chemical Terneuzen

. Very large production of monomers and range of other produ
mainly based on steaonacking



/D}ch Industries involved in Catalysis

x Production of flavors and fragrances

. I.LF.F. (Polak & Swarz), Quest International
( Naarden), Polakos Frut al

x Pharmaceutical industry
. Akzo-Nobel Biosynth Organon

. Solvay Pharmaceuticals (Solvay Duphar
and earlier Philips Duphar)



/P}'duction of Solid Catalysts

x AKZO -Nobel (Zwavelzuurfabriek v/h Ketjen)
. F.C.C. and H.D.S. catalysts
x Criterion (Koninklijke/Shell)

. H.D.S., ethylene oxide, styrene catalysts, range of o
catalysts

x Engelhard
_ Chemical catalysts (De Meern)
. Fat hardening catalysts
x Synetics (Unilever, |.C.I., Johnson & Matthey)
. Fat hardening catalysts, nickel hydrogenation cataly:



/ktivities of Dutch Universities
in'Catalysis

x Initially Technische Hogeschool Delft,
H.l. Waterman

. Fat hardening
. Alkylation processes

x J.H. de Boer from Philips; surface
science background

. Cooperation with Ketjen determination of
porous structures of catalysts

_Later on : Supports for fat hardening
catalysts (Unilever)



/F}‘Hardening

x Based on work by Waterman and the
developments in the determination of the
texture of porous catalysts, members of the
group of De Boer developed in Vlaardingen
excellent nickel hydrogenation catalysts

x I[mportant features :

. Transport properties dominating; suspended
catalyst bodies smaller than about/i

. Slight poisoning of nickel with sulfur improves
selectivity



elationships between Academia
o] Industry dealing with
Heterogeneous Catalysis

x Eindhoven, G.C.A. Schuit, from

Koninklijke/Shell

x Leiden, W.M.H. Sachtler, from

<onin

x Delft,
Konin

Klijke/Shell

_.L. van Reljen, H. van Bekkum
Klijke/Shell

x Nijmegen, J.W.E. Coenen, from
Unilever

x Twente, P. Mars from DSM
x Utrecht, J.W. Geus from DSM



/F%Lationships between Academia
and Industry

x Initially academic people as consultant of
iIndustrial companies

x Subsequently bilateral co-operations,
iIndustry with academia

x Larger, governmental cofinanced projects
_1.O.P. Catalysis (chairman J. Oelderik)

_ACTS (advanced catalytic technology for
sustainability)

e Hydrogen as energy carrier
e Fine Chemicals



tionships between Academia
d Industry

x During the past years :

x |nteraction increasingly
INtensive



/F%I@tionships between Academia
and Industry

xl nt1 mate rel ati on evi
netween universities and industries

xPh. D. 0s and graduat es
well represented in Dutch chemical

Industry

x People from industry returning to
university (-) or being shared between

iIndustry and university (/)




Eamily Trees (1)

J. Boeseken
T.U.D

[ I I 1
H.J. Prins H.l. Waterman P.H. Hermans P.E. Verkade

T.U.D. AKZO T.U.D.

I 1 1 1 1 ‘
J.C. Viugter D.W. van Krevelen C. Boelhouwer J.M. Oelderik S.T. Sie H. \éehn Ilaelfw)rr
ShellT.U.D.- DSM-AKZO/ T.U.D.-T.N.O. Shell SheltT.U.D. S ARLEROE

U.T. T.U.D. U.v.A.

B. Stouthamer F. Goudriaan
Shell Shell

I I I I |
A.P.G. Kieboom M. Makkee J.C. Jansen E.R. Geus P.J. Koa

T.U.D-DSM/U.L. ExxonT.U.D. T.U.D. Shell T.U.D.

. 1 .
J.A. Moulijn  J.C. Mol F. Kapteijn
U.V.A-T.U.D. U.v.A. UV.A-T.UD.

l
G.Multp.



Eamily Trees (2)

H.J. Backer
| R.U.G.
l. . d’ A 1
H.O. Huisman J. Strating J.H. de Boer Th.J. de Boer H.S.v.d.Baa
U.IV.A. RI.U.G. PhilipsDSM/T.U.D IU.v.A. SheILIT.U.D.
W.N. Speckamp A.Bruggink J.W. Verhoeven M. Boersma
U.v.A. DSM/K.U.N. U.V.A. ShellEnecc
H.E. Sbhoemaker
DSM/U.V.A.
[ . b \N ]
J.C.P. Broekhoff H.Th. Rijnten C. Okkerge J.W.E. Coenen J.J.F. S
Unilever AKZO-Nobel Unilever Unilever/K.U.N. DSM/T.U.D.
I I I I 1
J.M.H. Fortuin B.G. Linsen J.W. Geus P. Mars J.J. Steggerde
DSM/U.V.A. Unilever DSM-U.U. DSM-U.T. DSM-K.U.N.
I
E.T.C. Vogt AJ. v.Dillen C.M.A.M. Mesterd K.P.de Jong E.G.M. Kuijp K.U.N.
AKZO-Nobel Uu Shell SheltU.U. Engelhard D.W. v.Krevelen
DSM-AKZO/T.U.D.

N ) . I
M. Ruitenbeek P.J. v.o‘. Brink G.R. Meima B. Leliveld R. d)verbeek
DSM ShellAvantium-Shell DOW Chemical AKZO-Nobel Avantium



Eamily Trees (3)

A.J. Kluyver
ET.U.D.
G.J.M. v.d.Kerk
T.N.O-U.U.
| | |
G. van Koten J. Boersma W. Drenth
T.N.O-U.v.A.-U.U. U.U. R.U.G-T.N.O-U.U.

[ ] 1 I ) ] 1
H.C.L. Abbenhuis P.L. Alsters| J.M. v.d.Eik H. Hogeveen R.J.M. Nolte B. Zwanenb
T.U.E. DSM Shell ShellR.U.G. U.U-K.U.N. R.U.G-K.U.N.
' I

f 1
H.J. de Liefde Meijer R.J.M. Klein Gebbink J.N.H. Reekl.B.F.N. Engbert

IR.U.G. U.U. U.V.A. R.U.G.
J.H. Teuben
R.U.G. E.J.R. Sudholte
WASRSS
B. Hessen

ShellR.U.G./U.U.



Eamily Trees (4)

A.E. van Arkel
PhilipsU.L.
W.L. Groeneveld W.P. Jorissen
| ]
P. Cossee H.W. Kouwenhoven
Shell Shell
. | &: ] | .
J. Reedijk P.W.N.M. van Leeuwen G.C.A. Schuit K. Vrieze
T.U.D.-U.L. ShellU.V.A. ShellT.U.D. ShellU.V.A.
| | | ]
R. Hage L. Bouwman L. Staal C.J. Elsevie
Unilever U.L. Unilever U.V.A.

i I I I 1

L.L. van Reijen V.H.J.de Beer P.Ros J.H.C.van Hooff D.C.Kon mgsberg
SheltT.U.D. T.U.E. V.U. AkzoNobelT.U.E. T.U.E-U.U
I

E.J. Baerends A. van Bokhc

J. a
\VAU} U.U.-E.T.H.



Ily Trees (5)

J. von Liebig

W.S. Johnson

H. Wijnberg
R.U.G.

I
E.W. Meijer

DSM-T.U.E./K.U.N.

I I
B.L. Feringa H. Hiemstra

ShellR.U.G. U.V.A.

|
L.A. Hulshof

DSM (Océ)/T.U.E.



SOMme Short Lines (1)

L.J. Oosterhoff
| U.L.

I | |
R.A. van Santen H.H. Brongersma R. Kapteijn

ShellT.U.E. PhilipsT.U.E. R.U.GU.U.

R.M. Kellogg E. Havinga G.J. Hoytink
R.U.G. U.L. V.U.-U.V.A.
| ] | ]
J.G. de Vries W. Brackman D.M. Brouwer R. Prins R.v. Hardeveld
DSM Duphar Shell ShellT.U.E-E.T.H. DSM

J.J. van Loef V. Ponec
PhilipsT.U.D U.L.

[ 1
A.M. v.d.Kraan J.W. Niemantsverdriet
T.U.D. T.U.D.-T.U.E.




Some Short Lines (2)

J.H.R. Ross J.A.A. Ketelaar
‘U.T. | U.V.A.
I I 1
L. Lefferts P.J. v.d.Berg J. Kommandeur J.J.F. Scholten
DSM-U.T. DSM-T.U.D. | RUG. DSM/T.U.D.
| | : E. Drent
K. v.d.Wiele C.M. v.d.Bleek Shell/U.L.
Akzo-T.U.E -Akzo | T.U.D.
J.C. Schouten
T.U.E.
W.P.M. van Swaay
Shell U.T.
[ 1
A. Bliek M.J. Groeneveld
U.v.A. UT Private Enterprise

Shell



Some Short Lines (3)

E.C. Slater
U.V.A.
I I I
J.P. Wibaut W.M.H. Sachtler  S.P.J. Albrach{ W.R. Hagen B.F. v.Gelde
‘U-V-A- Shell/U.L. UVA. |WU.R-T.U.D.
|
[ 1 .
E.C.Kooyman ~ J.AR.v.Veen B.E. Nieuwenhuis -~ \moger R.\(JVGVXI’
SheILUl.L./Honig ShellT.U.D.  U.L/T.U.D. "WUR. VA
R. Louw ! V. Ponec |
Shellu L. R-W.de Korte UL. N.C.M. Laane U.V.A.
| Minister ‘ UnileverW.U.R-DSM
|. W.C.E. Arends R. Pestman
T.U.D. DSM H.l. Waterman
| T.U.D.
P.M. Heertjes
J.W.E. Coenen V. Ponec -|-_UJ.D_
Unilever/K.UN. | U.L. |
| ‘ N.W.F. Kossen

T.U.D.



International Transfers In the
DUtch Catalysis Society

Imported :R. oppenaver  EXported : R. Prins
W.M.H. Sachtler M. Lok
V. Ponec
J.H.R. Ross
R.A. Sheldon
K. Seshan
J. Lercher
D. Vogt
Th. Maschmeyer
B.M. Weckhuysen



Ame Dutch Achievements in
HlOmogeneous Catalysis (1)

x Oppenauer oxidation Organon/ U.v.A.
x Ni(Il) -catalyzed isocyanide polymerization U.U.

x Metathesis
U.v.A. -Koninklijke/Shell '-Solvay (Duphar)
SHOP process of Koninklijke/Shell

x Hydroformylation Ligand design
Koninklijke/Shell U.v.A.

x Dendrimeric catalysts
DSM .-T.U.E.-U.U




Ame Dutch Achievements in
HOmogeneous Catalysis (2)

x Cu-, Fe, and Mn-enzyme mimics Iin various
oxidation reactions
Unilever Research-U.L.-R.U.G.-K.U.N.

x Cu-catalyzed 2,6-diMe -phenol polymerization
General Electric/U.L./R.U.G.

x TEMPO-catalyzed oxidations
T.N.O.-S.C.A.(Sweden)}T.U.D.

= Chiral Catalysis
DSM-R.U.G-T.U.D.-U.V.A.

x Supramolecular catalysis
T.U.E-K.U.N.



/&alysis iIn Dutch Polymers

x Poly-L-lactate A. Pennings
PURAC-R.U.G-U.T.

x Polyketone E. Drent
Koninklijke/Shell

x Nylon 4,6 (Stanyl) R.J. Gaymans
U.T.-DSM

x Dyneema A.Pennings, P. Smith, P. Lemstra
DSM-R.U.G.

x M5 fibre D. Sikkema
AKZO -Nobel

x Glare B. Vogelesang
T.U.D.-Fokker Aerostructures (Stork)




