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The Very Beginning of 
Heterogeneous Catalysis 

×The òHollandsche Scheikundigenó 

×Five gentlemen, among which 
J.R. Deiman and A. Paets van Troostwijk 
studied at the end of the 18th century catalytic 
ethanol dehydration over alumina to ògaz 
oléfiantó (ethylene) 

×First heterogeneously catalyzed reaction 

×Alcohol dehydration still important, e.g., 
step in Shellõs SMPO process 



Early Homogeneous HO--Catalysis            
Rec.14 (1895) 203 

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

× Laboratory 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 

­ 
« 

­ 
« 



Early Interest in Catalysis in  
The Netherlands 



Dutch School of Catalysis  

×Important characteristics : 

 
International character  

 
Cooperation between academia 

and industry  
 

 



Focus of this Lecture 

×Cooperation between academia and industry  

¸Model from Finland cooperation between universities 
and industry (NRC/Handelsblad) 

¸Complaint by chairman VNO-NCW (Chemisch 
Weekblad) 

¸Achievements in The Netherlands not appreciated 
and apparently completely ignored 

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



Usual Dutch Modesty  

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

×Economy based on knowledge 

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

×Model much earlier realized in catalysis in  
The Netherlands 

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



Dutch Industries involved in Catalysis  

×Koninklijke/Shell  
¸Petroleum and Petrochemical Processes 

×Unilever  
¸Fat hardening; production of margarine 

×Nederlandse Staatsmijnen, presently DSM 
¸ Initially ammonia synthesis, subsequently range of processes 

around production of caprolactam, acrylonitrile, range of other 
processes, presently biocatalysis (Gist)  

×Gist and Spiritus Fabriek, presently DSM 

¸Enzymatic catalysis; yeast, penicillin 

×DOW Chemical Terneuzen 
¸Very large production of monomers and range of other products 

mainly based on steam-cracking 

 



Dutch Industries involved in Catalysis  

×Production of flavors and fragrances  
¸ I.F.F. (Polak & Swarz), Quest International 
(Naarden), Polakõs Frutal Works 

×Pharmaceutical industry  

¸Akzo-Nobel Biosynth Organon 

¸Solvay Pharmaceuticals (Solvay Duphar 
and earlier Philips Duphar) 



Production of Solid Catalysts  

×AKZO -Nobel (Zwavelzuurfabriek v/h Ketjen)  

¸F.C.C. and H.D.S. catalysts 

×Criterion (Koninklijke/Shell)  

¸H.D.S., ethylene oxide, styrene catalysts, range of other 
catalysts 

×Engelhard 

¸Chemical catalysts (De Meern) 

¸Fat hardening catalysts 

×Synetics (Unilever, I.C.I., Johnson & Matthey) 

¸Fat hardening catalysts, nickel hydrogenation catalysts 



Activities of Dutch Universities 
in Catalysis  

×Initially Technische Hogeschool Delft, 
H.I. Waterman  

¸Fat hardening 

¸Alkylation processes 

×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) 



Fat Hardening 

×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 

×Important features :  

¸Transport properties dominating; suspended 
catalyst bodies smaller than about 10 mm 

¸Slight poisoning of nickel with sulfur improves 
selectivity 



Relationships between Academia 
and Industry dealing with 
Heterogeneous Catalysis 

×Eindhoven, G.C.A. Schuit, from 
Koninklijke/Shell  

×Leiden, W.M.H. Sachtler, from 
Koninklijke/Shell  

×Delft, L.L. van Reijen, H. van Bekkum 
Koninklijke/Shell  

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

×Twente, P. Mars from DSM 

×Utrecht, J.W. Geus from DSM 



Relationships between Academia 
and Industry  

×Initially academic people as consultant of 
industrial companies  

×Subsequently bilateral co-operations, 
industry with academia  

×Larger, governmental cofinanced projects 

¸I.O.P. Catalysis (chairman J. Oelderik) 

¸ACTS (advanced catalytic technology for 
sustainability) 
ÉHydrogen as energy carrier 

ÉFine Chemicals 



Relationships between Academia 
and Industry  

×During the past years : 

×Interaction increasingly 
intensive 



Relationships between Academia 
and Industry  

×Intimate relation evident from òtrafficó 
between universities and industries  

×Ph.D.õs and graduates in catalysis very 
well represented in Dutch chemical 
industry  

×People from industry returning to 
university (-) or being shared between 
industry and university (/)  



Family Trees (1) 

J. Böeseken 

H.J. Prins              H.I. Waterman              P.H. Hermans                   P.E. Verkade 

H. van Bekkum 

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

T.U.D. 

Shell-T.U.D. 
J.C. Vlugter  D.W. van Krevelen  C. Boelhouwer   J.M. Oelderik   S.T. Sie 
Shell-T.U.D.- 

        U.T. 

DSM-AKZO/ 

     T.U.D. 

 

T.U.D.-T.N.O. 

    U.v.A. 

Shell Shell-T.U.D. 

B. Stouthamer  F. Goudriaan 
Shell Shell 

J.A. Moulijn   J.C. Mol   F. Kapteijn 

G. Mul 

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

T.U.D. 

A.P.G. Kieboom  M. Makkee J.C. Jansen E.R. Geus P.J. Kooyman 

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



Family Trees (2) 
H.J. Backer 

R.U.G. 

 H.O. Huisman J. Strating J.H. de Boer Th.J. de Boer 
U.v.A. R.U.G. Philips-DSM/T.U.D U.v.A. 

W.N. Speckamp 
U.v.A. 

H.E. Schoemaker 

DSM/U.v.A. 

A.Bruggink 
DSM/K.U.N. 

J.W. Verhoeven 
U.v.A. 

J.C.P. Broekhoff          H.Th. Rijnten          C. Okkerse            J.W.E. Coenen           J.J.F. Scholten 
Unilever AKZO-Nobel Unilever Unilever/K.U.N. DSM/T.U.D. 

J.M.H. Fortuin   B.G. Linsen    J.W. Geus     P. Mars     J.J. Steggerda 
DSM/U.v.A. Unilever DSM-U.U. DSM-U.T. DSM-K.U.N. 

A.W. Gal 
K.U.N. E.T.C. Vogt  A.J. v.Dillen  C.M.A.M. Mesters    K.P. de Jong    E.G.M. Kuijpers 

P.J. v.d. Brink       G.R. Meima       B. Leliveld     R. Overbeek 

AKZO-Nobel Shell Shell-U.U. Engelhard 

Shell-Avantium-Shell DOW Chemical        AKZO-Nobel 

D.W. v.Krevelen 
DSM-AKZO/T.U.D. 

M. Ruitenbeek 
DSM Avantium 

H.S. v.d.Baan 
Shell-T.U.D. 

M. Boersma 
Shell-Eneco 

UU 



Family Trees (3) 

A.J. Kluyver 
T.U.D. 

G.J.M. v.d.Kerk 
T.N.O.-U.U. 

G. van Koten 
T.N.O.-U.v.A.-U.U. 

H.C.L. Abbenhuis        P.L. Alsters 

T.U.E. DSM 

J. Boersma 
U.U. 

W. Drenth 
R.U.G.-T.N.O.-U.U. 

        H. Hogeveen   R.J.M. Nolte   B. Zwanenburg 
R.U.G.-K.U.N. U.U.-K.U.N. Shell-R.U.G. 

J.B.F.N. Engberts 
R.U.G. 

E.J.R. Sudhölter 
W.U.R. 

    R.J.M. Klein Gebbink   J.N.H. Reek 
U.U. U.v.A. 

H.J. de Liefde Meijer 

J.H. Teuben 

B. Hessen 

R.U.G. 

R.U.G. 

Shell-R.U.G./U.U. 

J.M. v.d.Eijk 
Shell 



Family Trees (4) 

A.E. van Arkel 
Philips-U.L. 

W.L. Groeneveld                   W.P. Jorissen 

P. Cossee 
Shell 

H.W. Kouwenhoven 
Shell 

J. Reedijk                P.W.N.M. van Leeuwen        G.C.A. Schuit                      K. Vrieze 
T.U.D.-U.L. Shell-U.v.A. Shell-T.U.D. Shell-U.v.A. 

R. Hage   L. Bouwman 
Unilever U.L. 

L. Staal   C.J. Elsevier 
Unilever U.v.A. 

L.L. van Reijen    V.H.J. de Beer     P. Ros     J.H.C. van Hooff      D.C. Koningsberger 
Shell-T.U.D. T.U.E. V.U. AkzoNobel-T.U.E. T.U.E.-U.U. 

E.J. Baerends                                     J.A. van Bokhoven 
V.U. U.U.-E.T.H. 



Family Trees (5) 

J. von Liebig 

W.S. Johnson 

H. Wijnberg 
R.U.G. 

E.W. Meijer B.L. Feringa H. Hiemstra L.A. Hulshof 

DSM-T.U.E./K.U.N. Shell-R.U.G. U.v.A. DSM (Océ)/T.U.E. 



Some Short Lines (1) 

L.J. Oosterhoff 
U.L. 

R.A. van Santen  H.H. Brongersma  R. Kapteijn 
Shell-T.U.E.        Philips-T.U.E.      R.U.G.-U.U. 

R.M. Kellogg                     E. Havinga                                         G.J. Hoytink 

J.G. de Vries          W. Brackman     D.M. Brouwer                R. Prins     R. v. Hardeveld 

R.U.G. U.L. V.U.-U.v.A. 

DSM Duphar Shell Shell-T.U.E.-E.T.H. DSM 

           J.J. van Loef        V. Ponec                  

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

U.L. Philips-T.U.D 



Some Short Lines (2) 

J.H.R. Ross 
U.T. 

L. Lefferts 
DSM-U.T. 

P.J. v.d.Berg 

K. v.d.Wiele       C.M. v.d.Bleek 

J.C. Schouten 

U.v.A. 

DSM-T.U.D. 

Akzo-T.U.E.-Akzo T.U.D. 

T.U.E. 

J.J.F. Scholten 
DSM/T.U.D. 

J. Kommandeur 
R.U.G. 

E. Drent 
Shell/U.L. 

J.A.A. Ketelaar 

W.P.M. van Swaay 

A. Bliek                              M.J. Groeneveld 

Shell U.T. 

U.v.A. UT Private Enterprise  

             Shell 



Some Short Lines (3) 

J.P. Wibaut 

E.C. Kooyman 

R. Louw 

I.W.C.E. Arends 

U.v.A. 

Shell-U.L./Honig 

Shell-U.L. 

T.U.D. 

W.M.H. Sachtler 

J.A.R. v.Veen      B.E. Nieuwenhuis 
Shell/T.U.D. U.L./T.U.D. 

Shell/U.L. 

V. Ponec 
U.L. 

R. Pestman 

DSM 

E.C. Slater 

S.P.J. Albracht  W.R. Hagen  B.F. v.Gelder 

R. Wever 

U.v.A. 

U.v.A. W.U.R.-T.U.D. 

U.v.A. 

U.v.A. C. Veeger 

N.C.M. Laane 

W.U.R. 

Unilever-W.U.R.-DSM 

H.I. Waterman 

P.M. Heertjes 

N.W.F. Kossen 

J.J. Heynen 

T.U.D. 

T.U.D. 

DSM-T.U.D.-Gist-DSM/R.U.G. 

T.U.D. 

R.W. de Korte 
Minister 

J.W.E. Coenen     V. Ponec 

W.M.T.M. Reimerink 

Unilever/K.U.N. U.L. 

DOW-Norit 



International Transfers in the 
Dutch Catalysis Society  

Imported : R. Oppenauer 

W.M.H. Sachtler 

V. Ponec 

J.H.R. Ross 

R.A. Sheldon 

K. Seshan 

J. Lercher 

D. Vogt 

Th. Maschmeyer 

B.M. Weckhuysen 

Exported : R. Prins 

M. Lok 



Some Dutch Achievements in 
Homogeneous Catalysis (1) 

×Oppenauer oxidation Organon/ U.v.A.  

×Ni(II) -catalyzed isocyanide polymerization U.U. 

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

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

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



Some Dutch Achievements in 
Homogeneous Catalysis (2) 

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

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

×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.  

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



Catalysis in Dutch Polymers  

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

×Polyketone E. Drent 
Koninklijke/Shell  

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

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

×M5 fibre  D. Sikkema 
AKZO -Nobel 

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


