
 
 

www.ht-polymerhub.unina.it 
 
 
 

The High-Throughput Polymer Hub 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

High Throughput Experimentation and Computation                                        
for an Advanced Research and Education Approach                                             

to Polymeric Materials in a Circular Economy 
 
 
 

 
Version 1.5 – December 2020 

 



The Collaborating Federico II University Research Laboratories                                             

(with Staff Members) 

Laboratory of Stereoselective Polymerizations (LSP) 
Department of Chemical Sciences  

Vincenzo Busico Full Professor, Head busico@unina.it 

Roberta Cipullo Full Professor rcipullo@unina.it 

Peter H. M. Budzelaar Full Professor p.budzelaar@unina.it 

Andrea Correa Associate Professor andrea.correa@unina.it 

Christian Ehm RTD-A christian.ehm@unina.it 

Antonio Vittoria RTD-A antonio.vittoria@unina.it 

Francesco Cutillo PhD (HTExplore) francesco.cutillo@ htexplore.it 

Alessio Mingione MSc (HTExplore) alessio.mingione@htexplore.it 

Enrica Villano MSc (HTExplore) enrichetta.villano@ htexplore.it 

Alessia Napolitano MSc (HTExplore) alessia.napolitano@ htexplore.it 

Laboratory of Polymer Physics (LPP) 
Department of Chemical Sciences 

Claudio De Rosa Full Professor, Head claudio.derosa@unina.it 

Finizia Auriemma Full Professor auriemma@unina.it  

Giovanni Talarico Associate Professor talarico@unina.it  

Odda Ruiz de Ballesteros Associate Professor odda.ruizdeballesteros@unina.it 

Oreste Tarallo Associate Professor oreste.tarallo@unina.it  

Rocco di Girolamo RTD-B rocco.digirolamo@unina.it 

Anna Malafronte RTD-A anna.malafronte@unina.it 

Miriam Scoti RTD-A miriam.scoti@unina.it 

Laboratory of Soft Matter, Complex Fluids and Rheology (LSMR) 
Department of Chemical Engineering, Materials and Industrial Production 

Pier Luca Maffettone Full Professor, Head p.maffettone@unina.it 

Nino Grizzuti Full Professor, Head nino.grizzuti@unina.it 

Rossana Pasquino Associate Professor r.pasquino@unina.it 

Gaetano D’Avino   Associate Professor  gaetano.davino@unina.it 

Ernesto Di Maio Associate Professor  edimaio@unina.it 

Marco Trofa  RTD-A marco.trofa@unina.it 

Massimiliano M. Villone RTD-A massimilianomaria.villone@unina.it 

Salvatore Costanzo RTD-A salvatore.costanzo@unina.it 

Daniele Tammaro RTD-A daniele.tammaro@unina.it 

javascript:popup_imp('/horde/imp/compose.php',700,650,'to=gaetano.davino%40unina.it');
javascript:popup_imp('/horde/imp/compose.php',700,650,'to=edimaio%40unina.it');
mailto:salvatore.costanzo@unina.it


 
 

 

The High-Throughput Polymer Hub 
 

1. Introduction 

The High-Throughput Polymer Hub (www.ht-polymerhub@unina.it) is a new Laboratory of the 
Federico II University of Naples (Italy) which focuses on large-volume polymeric materials compatible 
with a Circular Economy, and is characterized by a unique research and education approach exploiting 
state-of-the-art High Throughput Experimentation (HTE) and Computation (HTC) tools and methods.  

 The Hub originated from the structural synergy of three world-leading research groups in polymer 
science and technology (Figure 1), namely the Laboratory of Stereoselective Polymerizations (LSP, led 
by Prof. Vincenzo Busico), the Laboratory of Polymer Physics (LPP, led by Prof. Claudio De Rosa), and 
the Laboratory of Soft Matter and Rheology (LSMR, co-led by Profs. Nino Grizzuti and Pier Luca 
Maffettone).  

 
 
 

 

 

 

 

 

 

 

 

 

Figure 1. Structure and composition of the High-Throughput Polymer Hub. 

Established in the Center for Metrology and Advanced Technology Services (CeSMA) of the Federico II 
University, an inter-department Legal Entity located at the high-tech Campus of San Giovanni (Figure 
2), and with an exceptional HTE/HTC instrumentation and know-how (Appendix and Figure 3), the 
High-Throughput Polymer Hub is poised to operate as a privileged partner of polymer producing and 
processing companies in joint projects on sustainable polymeric materials. The main action lines will 
be: 

i) Advanced education and hands-on training of young researchers in HTE and HTC theory and 
applications; 

ii) Bilateral or multi-client R&D collaborations with Industry focusing on integrated HTE/HTC 
approaches to open problems and challenges in sustainable polymer and materials science and 
technology; 

iii) Implementation of second-generation HTE/HTC tools and methodologies with the widest 
possible coverage of the polymer knowledge and value chains. 

http://www.ht-polymerhub@unina.it


 

 
 

 

 

 

 

 

 

 

 

 
 

Figure 2. Some views of CeSMA and the Campus of San Giovanni. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. Some HTE equipment of the High-Throughput Polymer Hub. 

 



 
 

 
 
In the following Sections we illustrate the challenges that the Hub intends to take, the strategies that 
have been identified, and the possible ways in which companies of all sizes and levels of budget, 
technology and know-how can join and collaborate. 

 

2. A World of Challenges and Opportunities  

Large-volume polymers like e.g. polyethylene (PE) and polypropylene (PP) are essential materials 
for modern societies. Generally known as ‘plastics’, they are literally ubiquitous, to the point that it is 
almost impossible to look around without spotting some. As a matter of fact, plastics protects our 
bodies, preserves our food, makes our homes comfortable and our cars cheaper and lighter, extends 
the duration of many things we love. That’s why we ask for ever more, and Industry is ready to satisfy 
our desire. On the other hand, we cannot pretend not to see the elephant in the room: for the most part 
plastics does not degrade, and when even remote coral reefs in the middle of the ocean turn out to be 
decorated with plastics wastes it is rather evident that something needs to change.   

What to do then? Many influencers now advocate tout-court a plastics ban; unfortunately they 
forget to explain what should be used instead. Consumers in principle agree, but they keep on buying 
plastics like before – actually more, because the impact of the new affluent middle classes in emerging 
countries overwhelms any change in conduct of the aging minorities in post-industrial societies. 
Plastics will continue to be needed, made and used. The question calls urgently for the adoption of 
smart global policies for energy and industrial production, which are intimately related.  

The transition from fossil to renewable resources for power generation has started, and is 
progressing nicely (Figure 4). Carbon will be saved more and more for chemistry; this can halt the 
growth of the CO2 level in the atmosphere, hopefully in time to prevent a catastrophic global warming. 
If the above trends consolidate, virgin non-degradable polymers may continue to be produced from oil 
and natural gas, with some important corrections though: it is necessary to improve performance and 
extend durability for non-disposable applications, and reduce the diversity of chemical structures on 
the market so as to simplify recycling. At the same time, better-performing degradable polymers 
(possibly from natural feedstocks) should be made available for disposable applications at an 
affordable price. All this is well-feasible and can ultimately enable a Circular Economy, but requires – 
in one word – innovation.  

 
 

                                                                             

Figure 4. Some long-term trends for energy and fossil Carbon demand (source: McKinsey Energy Insights 2019). 

 



3. The Approach of the High-Throughput Polymer Hub 

The polymer industry is mature, and maturity and innovation are usually antonyms. On the other 
hand, most large-volume polymers are produced via catalytic routes, and chemical catalysis is one of 
the disciplines that progressed more rapidly in the last decades. It is not an exact science, and we 
doubt that it will ever be; however, the spectacular growth of experimental and computational 
methods to speed up catalyst discovery and optimization greatly facilitates advances in the field. High 
Throughput Experimentation (HTE) and High Throughput Computation (HTC) represent the ultimate 
frontier in this context. By exploiting extensive miniaturization, robotic automation and efficient big 
data logging and mining, HTE instrumentations can perform very large numbers of experiments in 
parallel or rapid sequence mode. HTC, in turn, is being combined with HTE to enable Quantitative 
Structure-Activity Relation (QSAR) modeling and virtual reality simulations. Integrated HTE/HTC 
workflows can dramatically reduce the time to discovery and optimization compared with a 
conventional approach. 

Importantly, HTE and HTC are not merely a sophisticated toolkit. Rather, they represent a new mind-
set for facing complex problems in chemistry and materials science, on which the young generations of 
scientists and technologists must be educated. While that is in general a mission of Academia, in this 
specific case the need for high investments and an interdisciplinary, high-tech and application-
oriented approach has represented an activation barrier that made most Knowledge Institutes (KI’s) 
lag behind.  

The Federico II University is one of the very few academic Institutions worldwide in which HTE and 
HTC in polymer science and technology, including catalysis, have been cultivated at the utmost level in 
collaboration with industry since the late 1990s. At the Department of Chemical Sciences (DSC), the 
Laboratory of Stereoselective Polymerizations (LSP) operates a unique state-of-the-art integrated 
HTE/HTC workflow in polyolefin chemistry, and pioneered applications to catalyst and polymer 
screenings and optimizations, also by means of a dedicated Spin-off (HTExplore s.r.l.). Two more 
schools with a long-standing tradition of excellence, namely the Laboratory of Polymer Physics (LPP) at 
the same Department and the Laboratory of Soft Matter and Rheology (LSMR) at the Department of 
Chemical Engineering, Materials and Industrial Production (DICMaPI), provide an expert coverage of 
the more downstream segments of the polymer knowledge and value chains. 

With the creation of the High-Throughput Polymer Hub, the three laboratories together now aim to 
show the way and collaborate with industry with the following objectives. 

 
3.1. R&D Objectives  

3.1.1. Improve the sustainability of non-degradable synthetic polymers for durable applications 

Most large-volume synthetic polymers, while being characterized by a comparatively low Carbon 
footprint (Table 1), are not degradable, and used almost indiscriminately for durable and disposable 

applications. The massive accumulation of plastics and 
‘micro-plastics’ in the environment due to an uncontrolled 
dispersion of wastes (Figure 5), and the wide chemical 
diversity of such wastes that complicates mechanical and 
chemical recycling, are the main  reasons why these  
materials are  regarded as poorly sustainable and unsuited to 
a Circular Economy.  

Banning non-degradable polymers for disposable 
applications, improving their performance thus saving on 
mass and extending life cycles for durable applications, and 
reducing the number of structurally diverse polymer classes 
on the market so as to facilitate recycling, are all important 
objectives to mitigate the aforementioned problems. All this 
calls for innovation in catalysts and processes. A holistic 
approach based on integrated HTE/HTC workflows, able to 
navigate rapidly and effectively complex variables 
hyperspaces, can enable the fast optimization of (novel) 
catalyst and processes.  



 
 

 
The proverbial versatility of polymers will be key to success. Polymer chains are strings of 

thousands of constituting units that in most cases can be 
statistically linked almost at will by means of advanced 
catalytic tools. The recent breakthrough of olefin block 
copolymers produced by ‘chain shuttling’ is just one 
example of innovative materials with unprecedented 
properties resulting from a smart assembly of known and 
cheap chemical blocks; many others are already in the 
pipeline. Moreover, creative and smart processing 
technologies can be used to induce the very same chains 
to organize into materials with dramatically different 
structures and morphologies, and hence physical and 
application properties.  

3.1.2. Improve the compatibility of non-degradable plastics wastes 

As noted before, non-degradable polymers like PE and PP remain so, despite all modifications 
aimed to speed up their macroscopic or microscopic aging. For others (e.g. PET) molecular 
degradation is feasible (albeit under rather severe conditions), but it can result in the release of 
noxious or even toxic by-products. In general, the low price of virgin resins and the technical 
complexity of most recycling protocols (typically requiring separate waste collection and/or ex-post 
separations) hamper profitable or sustainable re-usage. 

Mechanical recycling by physical blending of incompatible components in the presence of efficient 
phase compatibilizers may represent an interesting opportunity. Many novel block copolymers now 
accessible from innovative and practical catalytic routes (such as the aforementioned chain-shuttling) 
can open the door to new hybrid polymeric materials with valuable properties and applications. 

3.1.3. Improve the properties of degradable polymers for disposable applications 

The market of molecularly degradable polymers is steadily growing, and their use for disposable 
applications is already being enforced by law. In many respects the field is still in its infancy, and the 
available materials, some of which are obtained from biomass, feature largely inadequate properties. 
The current research aims to identify new structures preferably from renewable feedstocks (e.g. 
aliphatic polyesters, polycarbonates) via conventional, biomimetic, enzymatic or hybrid catalytic 
routes, or improve existing ones (e.g., PLA). The ultimate goal here is to make such materials desirable 
for their use properties, rather than ‘just’ politically correct. In all cases, the way to go is still long. An 
integrated HTE/HTC approach to the field bears high promise for the identification of better catalyst 
and/or (co)monomer formulations. 

 
3.2. Educational Objectives 

To the best of our knowledge, the High-Throughput Polymer Hub is the only academic Laboratory 
worldwide where hands-on training on HTE and HTC applications to polymerization catalysis and 
polymer characterization can be delivered at utmost level to young chemists and chemical engineers.  

The Hub is prepared to host experimental thesis projects at MSc and PhD levels. Students of the 
Federico II University enrolled in the Master Degrees of Chemical Sciences, Industrial Chemistry 
Science and Technology, and Chemical Engineering can request any of the three co-founding 
Laboratories to carry out their theses at the Hub. Master students from other Universities can utilize 
one of several channels (including collaborative graduation degrees and the Erasmus program). PhD 
scholarships can be obtained by applying to the regular Calls of the Doctorate Schools in Chemical 
Sciences and Chemical Engineering of the Federico II University, or in the framework of joint PhD 
projects.  

Last but not least, industrial companies partnering with the Hub (see Section 4) can second 
(perspective) employees for hands-on training stages, ranging from short courses to full PhD or 
PostDoctoral projects, the latter primarily on dedicated positions funded by said Companies within 
specific implementation agreements with the Hub and the Federico II University. 

 

Figure 5. Navigating through plastics wastes. 
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4. How to Partner with the High-Throughput Polymer Hub 

Companies interested to collaborate with the expert scientific and technological Staff of the High-
Throughput Polymer Hub and take advantage of their world-class HTE/HTC equipment and services  
can sign an agile Partnership Agreement (Annex A) and – when deemed appropriate – a Non-Disclosure 
Agreement, and pay a nominal yearly Association Fee of 5000 (five thousand) EUR. Once become 
partners, companies can stipulate specific Research or Service Agreement(s) with the Hub (as a whole, 
or individually with any of the three co-founding Laboratories of Figure 1), and run bilateral projects 
in any of the focus areas listed in Figure 6. 

Figure 6. The main Staff members, HTE/HTC research and service activities of the High-Throughput Polymer 
Hub. 

 
Multi-client projects, i.e. projects with two or more co-funding companies on fundamental or pre-

competitive topics of broad(er) interest, are also possible thanks to an agreement of the High-
Throughput Polymer Hub with the Dutch Polymer Institute (DPI; www.polymers.nl), a prestigious 
polymer research platform at the interface between Industry and Academia based in Eindhoven 
(Netherlands). The Web site explains that «DPI enables companies along the value chain to work 
together to gain new insights in the understanding of polymers. The global not-for-profit DPI platform 
consists of industrial partners and selected academic groups. Sharing the knowledge pre-competitively 
gives companies the opportunity to accelerate their innovation. DPI coordinates the whole process». The 
DPI therefore has a long-standing experience in running multi-sited and multi-client pre-competitive 
research projects in polymer science and technology involving multiple industrial companies (which 
usually compete on the market) and academic KI’s often located in different Continents. This requires 
an uncommon ability to master complex and delicate administrative, legal and IP issues. 

CeSMA, the DSC and the DICMaPI are partner KI’s of the DPI. All three Federico II University 
laboratories which co-founded the High-Throughput Polymer Hub contribute to the DPI research 
project portfolio, individually or jointly. Prof. Busico, Head of LSP, serves as the Scientific Chairman of 
the Polyolefin Technology Area of the DPI since 2004. In case of multi-client projects that can be 
recognized as better fit to the Hub program than to the general DPI project portfolio, e.g. due to a 
strong emphasis on HTE and/or HTC technological or methodological aspects such as the design and 
implementation of novel hardware or software tools, possibly combined with specific applications 
thereof, the DPI agreed to provide the Hub and all other project partners with the expert legal, 
administrative and financial coordination assistance necessary for project execution.     

http://www.polymers.nl/


 
 

DPI-partner KI’s with strong elements of synergy and complementarity with the High-Throughput 
Polymer Hub which declared interest to be part of multilateral projects as described above are listed 
underneath.  

 

Knowledge Institute Reference Collaboration Field 

Fraunhofer Institute for Structural 
Durability and System Reliability 
(LBF) (Darmstadt, Germany) 

 
Dr. Robert Brüll 

Advanced fast 
chromatographic methods 
for polymer separations  

Japan Advanced Institute of 
Science and Technology (JAIST) 
(Ichikawa, Japan) 

 

Prof. Toshiaki 
Taniike  

IT and advanced fast 
computational modeling 
methods 

Lomonosov Moscow State 
University, Dept. of Chemistry 
(Moscow, Russia) 

 Prof. Alexander Z. 
Voskoboynikov 

Advanced parallel 
protocols of  molecular 
(pre)catalyst synthesis  

University of Salerno, Dept. of 
Industrial Engineering                      
(Salerno, Italy) 

 

Prof. Roberto 
Pantani 

Smart experimental and 
computational methods in 
polymer processing 

King Abdullah University of 
Science and Technology (KAUST) 

(Thuwal, Saudi Arabia)  

Prof. Luigi Cavallo 
Advanced computational 
modeling methods 

 

Last but not least, interested companies can establish a Joint Laboratory with the High-Throughput 
Polymer Hub for common R&D programs, which entitles them to second their own researchers and 
technologists and install proprietary equipment at the Hub. This requires a specific Agreement with 
the Hub and CeSMA. 

 

 
The High-Throughput Polymer Hub is part of the Task Forces on “Polymers and Biopolymers” and 

“Industry 4.0” of the Federico II University. As such, it can apply to Regional and European Calls for 
Projects, in association with interested academic or industrial partners. 
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APPENDIX. MAIN EQUIPMENT (available for R&D and Service Projects) 

 
 

Equipment Description 

A) High-Throughput Catalyst Preparation and Screening 

Freeslate XCM2 

HTE platform for parallel organic / organometallic synthesis (up to 96 
reaction cells) 
✓ Integral containment in a triple MBraun LabMaster glovebox 
✓ Off-line integrated ICP-OES (Agilent 700 series,180 wells) 

Freeslate PPR48 (1-LSP) 
HTE platform for parallel high-pressure/high-temperature 
polymerizations (48 reaction cells) 
✓Integral containment in a triple MBraun LabMaster glovebox 

Freeslate PPR48 (2-HTExplore) 

HTE platform for parallel high-pressure/high-temperature 
polymerizations (48 reaction cells) 
✓Integral containment in a triple MBraun LabMaster glovebox 
✓Mainly dedicated to HTE services 

Freeslate PPR48 (3-HTExplore) 

HTE platform for parallel high-pressure/high-temperature 
polymerizations (48 reaction cells) 
✓Integral containment in a triple MBraun LabMaster glovebox 
✓Partly dedicated to functional monomer (co)polymerizations  

Bruker Avance III HD 
NMR spectrometer (400 MHz for 1H, 100 MHz for 13C) 
✓ Dedicated to organic / organometallic chemistry 

Computer Resources 
State-of-the-art clusters for DFT and QSAR modeling 
✓ Available for service 

B) High-Throughput Characterizations of Polymer Chain Microstructure / Architecture 

Freeslate Rapid-GPC 

HTE setup for high-temperature GPC analyses 
✓Robotic sample changer (48 wells) 
✓12 min analysis time for PE/PP materials 
✓ Available for service 

Polymer Char aCEF 

Analytical Crystallization Elution Fractionation setup 
✓Robotic sample changer (42 wells) 
✓ 30-60 min analysis time for PP/PE based materials 
✓ Available for service 

Bruker Avance III 400  

NMR spectrometer (400 MHz for 1H) with 5 mm OD high-temperature 
cryoprobe 
✓ Pre-heated robotic sample-changer (24 wells) 
✓15-60 min analysis time for routine 13C NMR spectra of PP/PE materials 
✓ Longer accumulations possible for a variety of advanced determinations  
✓ Available for service 

C) Characterizations of Polymer Structure / Morphology 

Malvern Panalytical Empyrean 

Multipurpose X-ray diffractometer for structural analyses of polymeric 
materials in different geometries 
✓Texture analysis, reflectometry, extension to small angle 
✓9 min analysis time for 5-40 2° scan 
✓Variable-Temperature sample holder (-100°C/+450°C) 
✓ Available for service  

Philips PW1830 
Powder X-ray diffractometer (ϑ-2ϑ geometry) 
✓Variable-Temperature sample holder (-50°C/+450°C) 
✓Controlled atmosphere sample cell 

Seifert X-ray generator Setup for fiber diffraction analyses (2 Huber cylindrical chambers) 

Anton Paar SAXess 

SAXS apparatus  
✓ Sample holder for solids, liquids and gels 
✓Variable-Temperature sample holder (25°C/+250°C) 
✓ Available for service  



 
 

Perkin Elmer Cyclone Plus  Imaging plate system for two-dimensional X-ray data collection 

Bruker Ascend 400 WB with 
Avance III HD System  

NMR spectrometer (400 MHz for 1H) with Wide Bore Magnet and 3.2 mm 
MAS probe for solid-state measurements 
✓Triple Resonance Broad Band  
✓ Spinning rate up to 24 KHz 

Mettler Toledo DSC 822 
Differential Scanning Calorimeter 
✓ Temperature range -70°C/+450°C 
✓ Available for service 

Mettler Toledo DSC 1 
Differential Scanning Calorimeter 
✓ Temperature range -150°C/+450°C 
✓ Available for service 

Zeiss Axioscope 40  
Optical microscope with phase contrast and polarized light setup 
✓ Equipped with Linkam Variable-Temperature stage (-50°C/+250°C) 

Bruker AFM Multimode 8 

Atomic Force Microscope equipped with “J” and “E” scanners 
✓Variable-Temperature sample holder (-10°C/+100°C) 
✓ Sample holder for liquids 
✓ Available for service  

FEI TECNAI G2 TEM 

Transmission Electron Microscope (200kV) with 4K Eagle camera 
✓ Electron diffraction setup 
✓ STEM detector 
✓ Low-dose setup  
✓ Available for service  

FEI Nova NanoSEM 450 
Scanning Electron Microscope with FEG source  
✓ SE, TLD, CBS, and Low-Vacuum detectors 
✓ Bruker detector for EDX analysis  

Denton Vacuum V-Desk Carbon and Metals evaporator for TEM and SEM sample preparations 

D) (High-Throughput) Characterizations of Polymer Physical Properties / Rheology 

Instron 5566 Dinamometer equipped with 100 and 1000 N load cells 

Zwyck Roell Zwicky 
Dinamometer equipped with 100 N load cell 
✓Variable-Temperature camera (-50°C/+200°C) 

Anton Paar MC 702  

Hi-end stress-controlled rheometer 
✓ Environmental chamber for high temperatures 
✓ Partitioned cone-and-plate tools for non-linear rheology 
✓ Ready for hosting a DMA fixture 

Anton Paar MC 702 Twin Drive 

Hi-end stress-controlled rheometer 
✓ Equipped with a twin drive motor for unprecedented high sensitivity 
✓ Peltier and oven  temperature control 
✓ Partitioned cone-and-plate tools for non-linear rheology 
✓ Add-on for rheology under magnetic field 

TA Instruments ARES  
Hi-end strain-controlled rheometer 
✓ Equipped with an oven environmental chamber for high temperatures 
✓ Partitioned cone-and-plate tools for non-linear rheology 

TA Instruments Discovery  
Stress-controlled rheometer for linear viscosity and viscoelasticity 
✓ Peltier temperature control 
✓ Several geometries available 

Rosand RH 2000 
Capillary rheometer for melts 
✓ Measurements of non-linear high-shear rate flow properties 
✓ Equipped with several capillary geometries and pressure transducers 

Zeiss Axioscope 
Optical microscope 
✓ Coupled with the Linkam rotational stage (see below), allows for direct 
observation of quiescent and flow-induced microstructures 

Linkam CSS 450 
Variable-temperature shear rheo-optical cell (-50°C/+450°C) 
Equipped with transparent plates, allows for microscope observations of 
flow-induced microstructures 
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Prof. Vincenzo Busico 

High-Throughput Polymer Hub & Department of Chemical Sciences 

E-mail: busico@unina.it 
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