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    Prefazione/Vorwort


    Questo volume raccoglie le relazioni presentate all’ Humboldt Kolleg tenutasi dal 11 al 14 aprile 2019 nell’affascinate contesto di Villa Vigoni, il Centro Italo-Tedesco per l’eccellenza europea, sul lago di Como.


    Die Humboldt Kolleg, Nationaltagung des italienischen Alexander-von-Humboldt-Verbands, war zur Feier des 250. Geburtsjahres von Alexander von Humboldt dem Thema Kosmos im 21. Jahrhundert gewidmet.


    Kosmos – Entwurf einer physischen Weltbeschreibung lautet der Titel des fünfbändigen Werks (1845-1862), das als das kulturelle Vermächtnis seines Autors angesehen werden kann: Durch Kosmos vermittelt Humboldt eine Gesamtdarstellung der Welterforschung und zugleich eine globale Vision der Natur, die für seine Zeit innovativ und fortschrittlich ist.


    Wie der Autor in seiner Vorrede zum ersten Kosmos-Band erklärt (Potsdam, 1844), zielt das Werk darauf hin, dem Leser die „Natur als ein durch innere Kräfte bewegtes und belebtes Ganzes“ zu vergegenwärtigen. Durch seine über die fragmentarische Sicht einzelner Disziplinen hinausgehende, einheitliche Perspektive über die Natur soll Humboldts Werk dem Leser ermöglichen, Einsicht in den inneren Zusammenhang aller Erscheinungen zu gewinnen. Kosmos kann als das unübertreffliche Produkt eines sterbenden Zeitalters betrachtet werden, nämlich des Zeitalters der Wissenschaftler, die ein globales und kosmopolitisches Wissen innehaben. Zum Ende dieser Epoche kommen die Zerspaltung des Wissens und die Teilung der Wissenschaften in die einzelnen Disziplinen zum Durchbruch.


    Ziel der Konferenz war es, ausgehend von Humboldts Werk, eine Diskussion über die Grenzen des Wissens und über die neuen Weltauffassungen anzuregen. Durch den Austausch von Vertreter/inne/n unterschiedlicher Disziplinen und Ansätze, sollte der konzeptuelle Horizont von Kosmosneu konturiert werden.


    Das Tagungsprogramm spiegelte die strukturelle Organisation des Werks Kosmos in seiner Aufteilung in allgemeine und übergreifende Themen (Uranologischer Teil und Tellurischer Teil) wider. Demgemäß war die Themenaufteilung Natur, Erde, Völker, Himmel, Erforschung mit Vorträgen von Wissenschaftler/inne/n unterschiedlicher Fachrichtungen. Allgemeines Ziel der Sektionen war, Konzeptmappen aus interdisziplinärer Sicht zu erstellen.


    Es wurde eine Vielzahl von Vorträgen aus den unterschiedlichsten Forschungsbereichen der Humboldtianer präsentiert. Zudem gewährte uns Prof. Marwan Mousa, Präsident des „Jordanien Club of Humboldt Fellows“ Einsicht in die Aktivitäten des Vereins. Frau Prof. Marina Foschi vermittelte, in ihrer Rolle als „Ambassador“ der Humboldtstiftung, den Nachwuchswissenschaftlern einen Überblick über die verschiedenen Möglichkeiten der AvH- Förderprogramme.


    Das Programm beinhaltete außerdem zwei thematisch einschlägige Doktoranden- und Post-Doc-Sektionen. Unter den teilnehmenden Nachwuchswissenschaftler/inne/n wurden die Gewinner der Bonpland-Preise des italienischen AvH-Vereins 2019 ausgewählt. Der Bonpland-Preis für die Geisteswissenschaften ging an Giulio Navarra währed der Bonpland-Preis für die Natur- und Ingenieur-wissenschaften an Ana Montaner-Piza verliehen wurde. Am Abend fand ein Kamingespräch mit dem deutschen Botschafter aus Rom, Viktor Ebling, zum Thema der deutsch-italienischen Beziehungen, statt.


    Un pensiero grato va a tutti i membri del direttivo dell’AiAvH, prof. Marina Foschi Albert, prof. Loris Sturlese, prof. Alessandra Beccarisi, prof. Gina Gioia e prof. Giuseppe Ruoso e ai consiglieri prof. Claudio Borri, prof. Francesco Gianturco e prof. Stefano Poggi per l’ottima organizzazione del convegno e per il prezioso aiuto alla stesura degli atti.


    Un sentito ringraziamento va all’Ambasciatore Victor Elbling, al Console Generale Robert Krumrei e al Console Aggiunto Peter von Wesendonk per la partecipazione alla apertura ed alla chiusura del convegno. Voglio esprimere poi un caloroso ringraziamento alla Fondazione Alexander von Humboldt che ha sostenuto con generosità il convegno ed al segretario generale Enno Aufderheide per la sua vivace partecipazione.


    Un pensiero affettuoso va poi al segretario generale di Villa Vigoni Christiane Liermann Traniello ed a tutto lo staff della Villa per aver sostenuto il convegno con generosità ed entusiasmo e per la stesura e la pubblicazione degli atti.


    Grazie a tutti per aver reso questo convegno un evento memorabile.


    Giacomo de Angelis



    Presidente della AIAvH
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    Das Humboldt Kolleg
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        Figure 1: Participants to the Humboldt Kolleg Kosmos in the 21.th Century.


      

    

    The national conference of the Italian Humboldt Association has been organized at Villa Vigoni, Loveno di Menaggio, from the 11th to the 14th of April 2019. The Kolleg, dedicated to the 250 year anniversary of the birth of Alexander von Humboldt, had the title: Kosmos in the 21.th Century. Opening talks have been given by the General Consul of german consulate in Milano, Klaus Robert Krumrei, by the General secretary of the AvH foundation, Enno Aufderheide, by the General Secretary of Villa Vigoni, Christiane Liermann Traniello, by the President of the Italian DAAD Association, Sandro Moraldo, and by the President of the Italian Humboldt Association, Giacomo de Angelis. The Consul Peter von Wesendonk was also present at the opening session. The main topic of the conference has been the Kosmos, the last work of Alexander von Humboldt, revisited with the knowledge of the 21th Century. The conference has had a large attendance (81 participants), involving a large number of Humboldtians (39) from all over Italy and abroad and with very different backgrounds. Nine of them were coming from other countries. The Programm, strongly multidisciplinary, has addressed topics ranging from History and Phylosophy to Engineering, Chemistry and Physics. Special attention has been dedicated to young scientists (29), with two sessions specially focused on topics proposed by junior researchers. 20% of the young researchers were coming from other countries.
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        Figure 2: Dr. Anna Montaner-Piza receiving the Bonpland Award for natural science.


      

    

    The detailed program, attached to this report, shows the different topics covered. To rice the interest of the jung generation, at the end of the two junior sessions, we have assigned two awards (named „Bonpland Awards“). The selection of the award winners was based on the quality of the presentation and on the originality of the subject of research. One award was dedicated to human sciences and one to natural disciplines. In the last session of the conference we had a talk from Nuria Sanz Gallego from the United Nations and one from the representative of the National Institute for Nuclear Physics (INFN), Marco Pallavicini.


    The conference has been concluded with the words of Viktor Elbling, German Ambassador in Rome, who has also guided a special session in the evening focused on the perception of Germany in the present italian society.


  


  

    

      Programm:


      Donnerstag, 11.04.2019


      14.00 Ankunft


      14.30 Gruβworte


      Generalkonsul Claus Robert Krumrei (Generalkonsulat Mainland)


      Enno Aufderheide (AvH Generalsekrertär)


      Christiane Liermann Traniello (Generalsekretärin Villa Vigoni)


      Sandro Moraldo (Präsident ADIT)


      Giacomo de Angelis (Präsident AiAvH)


      15.00-17.00 Einführungssektion


      Leitung: Giacomo de Angelis (INFN,LNL, I)


      Enno Aufderheide (AvH, Bonn, Deutschland) Alexander von Humboldt: Pathbreaker for science, Conservation and Humanity


      Christoph Scheidenberger (Universität Giessen, Deutschland) The discovery Extrasolar Planets and the quest for alien life


      Mirko Tavoni (Università di Pisa, Italia) L’orbe terraqueo di Dante


      Norbert Pietralla (Universität Darmstadt, Deutschland) Humboldt’s Kosmos: Cosmic Evolution and Scientific Measurements on Earth


      17.00 Kaffeepause


      17.30-19.00 I Sektion Natur


      Leitung: Stefano Poggi (Università di Firenze, Italia)


      Francesca Michelini/Kristian Köchy (Universität Kassel, Deutschland) Das holistische Programm von Alexander von Humboldts Kosmos und dessen Resonanz im 21. Jahrhundert


      Francesca Lupi (Ruhr-Universität Bochum, Deutschland) Catturare energia conbinata sole/vento dai deserti: un sogno, un’illusione o un obiettivo raggiungibile con la tecnologia SUPP (Solar Updraft Power Plants)?


      Claudio Borri (Università di Firenze, Italia) Un mare di energia


      Marwan Mousa (Mutah University, Jordan) Twenty two years of Academic Cooperation, Networking and Partnership in changing communities as part of the Humboldt Kosmos


      19.30 Aperitif


      20.00 Abendessen


      Freitag, 12.04.2019


      9.00-10.30 II Sektion Erde


      Leitung: Alessandra Beccarisi (Università del Salento, Italia)


      Antonello La Vergata (Università di Modena, Italia) Quantità e varietà: Humboldt, Darwin e la distribuzione geografica degli organismi


      Valentin Mirceskj (Ss. Cyril and Methodius University, Skopje, Macedonia) Electrochemical sensor technology in 21st century


      Mauro Tulli (Università di Pisa, Italia) Kosmologie und Seelenreisen bei Platon: der Mythos im Phaidon


      Riccardo Pozzo (ILIESI, CNR, Roma, Italia) Innovazione, Riflessione, Inclusione


      10.30 Kaffeepause


      11.00-12.30 III Sektion Völker


      Leitung: Marina Foschi (Università di Pisa, Italia)


      Corrado Malandrino (Università del Piemonte Orientale, Italia) La visione liberale e progressista del Kosmos


      Sandra Rebok (Expertin Forschungsprogramm “Kultur und Auβenpolitik”, Institut für Auslandsbeziehungen, Stuttgart, Deutschland) Humboldt und die Eroberung des amerikanischen Westens


      Carlotta Santini (Tìechnische Universität Berlin, Deutschland) L’unità del mare e l’unità dei popoli. Friedrich Ratzel e lo studio antropico dell’elemento liquido del globo


      Enzo Siviero (Università e-Campus, Novedrate/Como, Italia) Le nuove vie della seta attraverso il mediterraneo


      12.45 Mittagessen


      14.30-16.00 IV Sektion Himmel


      Leitung: Giuseppe Ruoso (INFN, LNL, Italia)


      Ignazio Becchi (Università di Firenze, Italia) Sulle orme di Amerigo (Vespucci)


      Pietro U. Dini (Università di Pisa, Italia) Zur kosmologischen Vorstellung bei den Preuβen


      Giuseppe Franco (Università del Salento, Italia – Katholische Universität Eichstätt – Ingolstadt, Deutschland) Alexander von Humboldt e la componente ermeneutica delle scienze naturali 


      16.00 Kaffeepause


      16.30-18.30 Mitgliederversammlung


      19.30 Abendessen


      21.00 Konzert


      Samstag, 13.04.2019


      9.00-10.15 Nachwuchssektion I


      Leitung: Gina Gioia (Università della Tuscia, Italia)


      Riccardo Ginevra (Universität zu Köln, Deutschland) Cosmologia indoeuropea


      Diletta Giuntini (Technische Universität Hamburg,


      Deutschland) Bioinspired supercrystalline composites: nanoscience meets materials engineering 


      Tommaso Ferro (Università del Salento, Italia – Universität zu Köln, Deutschland) La nozione di ‘causa’ in Ulrico da Strasburgo


      Siegrid Agostini (CESDES, Lecce, Italia) Il ‘Mondo’ di Descartes e il ‘Cosmo’ di von Humboldt


      Francesco de Benedittis (Università del Salento, Italia – Universität zu Köln, Deutschland) Il Theorica planetarum e il Tractatus desphaera di Giovanni Pecham. Presentazione di due trattati astronomici del XIII secolo


      10.15 Kaffeepause


      10.45-12.00 Nachwuchssektion II


      Leitung: Franco Ferrari (Università di Salerno, Italia)


      Katharina Salzmann (Freie Universität Bozen, Italia) Ansätze zur Förderung der Wissenschaftsmehrsprachigkeit


      Ana Montaner-Píza (Università di Padova, Italia) Nuclear symmetries and Beta Decay


      Patrizio Mallogi (Università di Pisa, Italia) Colori tra lingua e cultura 


      Giulio Navarra (Università del Salento – Universität zu Köln, Deutschland) La cosmologia degli Arabi: Alessandro di Afrodisia e il trattato “Sul governo delle sfere celesti” 


      Francesco Paolo Gallotta (Università del Salento, Italia – Université Paris-Sorbonne) Storia e modernità nel pensiero di Heidegger


      12.00 Vorstellung der AvH-Förderprogramme


      12.20 Preisverleihung


      12:45 Mittagessen


      14.30-16.00 V Sektion Erforschung


      Leitung: Loris Sturlese (Accademia Nazionale dei Lincei, Italia)


      Nuria Sanz Gallego (UNESCO) Caldas, Bauzá e A. von Humboldt: dalla geografia fisica alla geografia politica all’inizio del Secolo XIX 


      Marco Pallavicini (INFN e Università di Genova, Italia) Challenges in Astroparticle Physics for the next Decade 


      Sotera Fornaro (Università di Sassari, Italia) Kosmos e la Altertumswissenschaft 


      16.00 Kaffeepause


      16.30-18:30 Podiumsdiskussion Die Erdkugel heute


      Leitung: Franco Gianturco (Universität Innsbruck, Austria), Yaseen Al Soud (Al-Bayt University, Jordan), Berta Rubio Barroso (IFIC, Valencia, Spain), Carmela Lorella Bosco (Università di Bari, Italia), Clive C. Speake (Birmingham University, UK)


      18:30 Schlussworte


      Botschafter Viktor Elbling (Deutsche Botschaft Rom)


      19.00 Abendessen


      21:00 Kamingespräch mit dem Botschafter Viktor Elbling


      Sonntag, 14.04.2019


      Abreise


    


  


  

    Kosmos im XXI Jahrhundert: Gruβwort


    Giacomo de Angelis


    Sehr geehrter Generalkonsul Claus Robert Krumrei!


    Sehr geehrter Konsul Peter von Wesendong!


    Sehr geehrter Generalsekretär der Alexander von Humboldt-Stiftung, Enno Aufderheide!


    Sehr geehrte Generalsekräterin der Villa Vigoni, liebe Christiane!


    Sehr geehrter Vorsitzender der Alumni DAAD Italia, carissimo Sandro!


    Ein herzliches Willkommen geht nicht zuletzt auch an alle HumboldtiannerInnen und Humboldtianer!


    É per me un gran piacere ed un onore portare i saluti degli Humboldtiani all’apertura di questo convegno organizzato in occasione dei 250 anni dalla nascita di Humboldt e dedicato alla sua ultima opera Kosmos, rivisto alla luce del XXI secolo. Colgo l’occasione per salutare il Console Generale di Milano Claus Robert Krumrei, il Console Aggiunto Peter von Wesendong, il Segretario Generale della fondazione Alexander von Humboldt Enno Aufderheide, Il Segretario Generale di Villa Vigoni Christiane Liermann Traniello, Il presidente della Associazione Alumni DAAD Italia ADIT, Sandro Moraldo e tutti i presenti per la gentile partecipazione. A chiusura del convegno avremo anche la presenza dell’Ambasciatore della Repubblica Federale di Germania Viktor Elbling (Ambasciata di Roma) che fortemente ringrazio per la sua disponibilità.


    Un ringraziamento speciale voglio poi indirizzare alla Fondazione Alexander von Humboldt ed al Centro di Eccellenza Italo Tedesco di Villa Vigoni per aver voluto e sostenuto questo evento.


    1827 ist Alexander 57 Jahre alt und weltberühmt. Er muss nach Berlin zurück. Seine finanziellen Reserven sind erschöpft. Er ist nicht länger in der Lage, die Stellung in Paris zu halten. Paris ist die Stadt, die er liebt, in der er die vergangenen zwanzig Jahre verbracht hat. Bis zu seinem Tod wird er noch acht Mal an die Seine reisen. Das gehört zur Abmachung mit Friederich Wilhelm III. Im Jahr 1804 ist er zum preußischen Kammerherrn ernannt worden, mit vier Monaten Forschungsurlaub im Jahr und mit 5000 Talern jährlicher Bezüge.


    Auf dem Weg nach Preußen macht er einen Abstecher nach London, wo er eine Taucherglocke besteigt und sich auf den Grund der Themse herabsinken läßt. “ Voller Unruhe und Erregung, nur glücklich, wenn ich etwas Neues unternehme” hat er über sich gesagt.


    Am 12. Mai 1827 kommt Alexander nach zwei Jahrzehnten Abwesenheit in Berlin an. Mit Berlin verbindet er das Wort “Wüste”. Sein Bruder Wilhelm gibt ihm in dieser Zeit Halt. Die Nähe zum Bruder steigert Alexanders Schaffen. “Reden statt reisen” lautet nun die Devise. In wenigen Monaten hält er einundsechzig Vorlesungen an der Universität, die Wilhelm 1809 gegründet hat. Neu ist, wie Humboldt Zusammenhänge zwischen Geist und Materie, Natur und Geschichte, Wissenschaft und Kunst darstellt. Er bringt Berlin aus der Fassung. Der Erfolg der Kosmos – Vorlesungen weckt die Sehnsucht nach neuen Grenzen und Zielen.


    Humboldt denkt an eine Veröffentlichung der Vorträge in Buchform. Doch bis der erste Band seines Kosmos erscheint, vergehen noch siebzehn Jahre. Kosmos sein Werk, das wir in diesem Kolleg neu behandeln wollen.


    Un augurio di buon lavoro a tutti.


  


  

    Gruβwort


    Enno Aufderheide


    


    Lieber Herr Prof. de Angelis,
liebe Humboldtianerinnen und Humboldtianer, sehr geehrte Damen und Herren, Erlauben Sie, dass ich zu Beginn ein paar Worte auf Deutsch an Sie richte! 


    Wir werden in diesen Tagen verschiedene Sprachen sprechen – und das ist gut so. Ich selber werde später auf Englisch sprechen, weil ich denke, das ist wie meistens die Sprache, die von fast allen verstanden wird. Aber da wir in der Villa Vigoni sind, diesem Zentrum des deutsch-italienischen Austauschs in Kultur und Wissenschaft, weil wir hier im Namen Humboldts zusammenkommen und weil ich weiß, dass viele von Ihnen die deutsche Sprache lieben, möchte ich Sie auf Deutsch begrüßen: 


    Herzlich willkommen zu diesem Humboldt-Kolleg. Wie schön, wieder in der Villa Vigoni zu sein.


    Perhaps you feel much as I do: this beautiful place evokes both wonderful memories as well as sparking my joy and curiosity in new things and the people around me. What more could one ask when getting together for a Humboldt Kolleg?


    Villa Vigoni is closely associated with both the Alexander von Humboldt Foundation and the Italian Humboldt Club. I gather the Villa hosts your club’s website, and Humboldt Kollegs habitually take place here – admirably organised on a regular basis by our Italian alumni. Generally, the Italian alumni community is something rather special:


    Since the Foundation was established, we have sponsored nearly 1,000 individuals from Italy. Just under 800 of them still belong to the network today. And in Italy, unlike most European countries, for decades we have had a growing number of applications and nominations: whilst there were usually fewer than ten fellows per year in the 1970s, in the 1990s, the figure had grown to 20 per year and, recently, often almost 30. The number of award winners has increased, too – whilst there were only three in the whole of the 1980s, in the current decade, which has not yet come to an end, we have already exceeded 20.


    These are all good and pleasing developments. Of course, they also reflect trends that are not all positive. Lack of funding for research in Italy and poor prospects for young researchers are certainly one of the causes. And it seems to hit the humanities and social sciences particularly hard: more than a quarter of Italian Humboldtians are philosophers. In world terms, this is the same proportion as for all humanities and all social science subjects combined. If we look at the share for humanities and social sciences in Italy as a whole, this accounts for sixty percent of Humboldtians – which clearly demonstrates how strong these subjects are here despite the adverse circumstances: But you don’t become a Humboldtian because things are difficult at home, but because you have performed exceptionally well. And of this you may all be proud, irrespective of your area of learning.


    There is yet another reason why, for me, the Villa Vigoni is closely associated with the Alexander von Humboldt Foundation: 18 months ago, the Humboldt Foundation’s Board of Trustees, together with important friends and allies, held a symposium and a wonderful banquet here in the Villa Vigoni to say goodbye to our previous president, Helmut Schwarz, whom many of you know. The atmosphere on those sunny autumn days was truly magical. On what was actually a rather sad occasion, I believe the particular spirit of this place raised the mood in a very special way. It inspired a deep and lasting feeling of belonging.


    We are now meeting here in the Villa Vigoni to trace the works and impact of Alexander von Humboldt. I am curious where that will lead us, because Humboldt is always good for a surprise. “My works,” he once said, “are only as good as the better ones they can inspire in the minds of others.” Let us come together in this spirit: not with a will to be cleverer than others, but with a will to become cleverer through the thoughts of others and to make others cleverer through the ideas we generate ourselves.


    How could anywhere be more appropriate for such openness than the Villa Vigoni?


  


  

    Gruβwort


    Sandro M. Moraldo


    


    Sehr geehrter Generalkonsul Claus Robert Krumrei!


    Sehr geehrter Generalsekretär der Alexander von Humboldt-Stiftung, Enno Aufderheide!


    Sehr geehrte Generalsekräterin der Villa Vigoni, liebe Christiane!


    Sehr geehrter Vorsitzender der Associazione Italiana Alexander von Humboldt, carissimo Giacomo!


    Ein herzliches Willkommen geht nicht zuletzt auch an alle HumboldtiannerInnen und Humboldtianer!


    Ich bedanke mich recht herzlich beim Italienischen Alumni-Verein der Alexander von Humboldt-Stiftung und dessen Vorsitzenden, Giacomo de Angelis, für die ehrenvolle Einladung hier heute als Vorsitzender des italenischen DAAD Alumni-Vereins ADIT ein Grußwort sprechen zu dürfen.


    Dass ich heute überhaupt als Vertreter von ADIT zu Ihnen sprechen kann, ist neben der offiziellen Einladung – eigentlich einem ganz anderen, mehr rein zufälligen, aber umso glücklicheren Umstand zu verdanken, nämlich meiner nicht nur kollegialen, sondern auch persönlichen Freundschaft zur Generalsekretärin der Associazione Italiana Alexander von Humboldt, Marina Foschi Albert. Sie hat mir vor Jahren den Floh ins Ohr gesetzt, den 2009 aufgelösten italienischen DAAD-Alumni-Verein wieder auf die Beine zu stellen, was dann nach langjähriger Vorarbeit und in erfolgreicher Zusammenarbeit mit dem Informationszentrum des DAAD und weiteren engagierten DAAD-Alumni/ae in Rom im September 2016 auch geschehen ist. Sie sehen also: Der lange Schatten Alexander von Humboldts hat hier ganze Arbeit geleistet. Sie, wie andere HumboldtianerInnen, sind ja auch DAAD-Alumni/ae, wie z. B. Claudio Borri, der gleichzeitig bei ADIT im Vorstand sitzt. Und falls die DAADlerInnen unter Ihnen noch nicht Mitglieder bei ADIT sein sollten, dann gehen Sie doch einfach mal auf die ADIT-Homepage (http://www.alumnidaaditalia.org) und lassen sich von unserer Arbeit, unseren Zielsetzungen und unseren Initiativen überzeugen!


    Liebe Humboldtianerinnen und Humboldtianer!


    Ihre wissenschaftliche Tagung fällt fast zeitgleich zusammen mit einem Treffen des Außenministers Heiko Maas und der Präsidenten der Allianz der Wissenschaftsorganisationen am 10. April 2019 im Vorfeld des March for Science. Darin ging es unter anderem um Wissenschaftsfreiheit, Europa, aktuelle internationale Herausforderungen und die Rolle der Wissenschaft in der Auswärtigen Kultur- und Bildungspolitik. Das Eintreten für die Freiheit von Wissenschaft und Forschung ist sicherlich eine gemeinsame Aufgabe von Politik, Wissenschaftsorganisationen, der Gesellschaft und – so möchte ich doch hinzufügen – auch von Alumni-Vereinen wie der Associazione Italiana Alexander von Humboldt und Alumni DAAD Italia. Und dafür ist diese wissenschaftliche Tagung, mit seinen interessanten, internationalen und interdisziplinären Vorträgen, hier an der Villa Vigoni ein geradezu exzellentes Beispiel: ein best practice im wahrsten Sinne des Wortes und wozu ich Ihrem Verein nur gratulieren kann.


    So wie Alexander von Humboldt einen weltumspannenden Austausch und ein Netzwerk von Freundschaften pflegte, so sollten auch unsere Alumni-Vereine unter dem Motto Verbinden, fördern und gestalten unter anderem zur Verbesserung der internationalen Beziehungen und bilateralen Forschungszusammenarbeit beitragen. ADIT wird diesbezüglich nächste Woche in der Casa di Goethe in Rom, übrigens dem einzigen deutschen Museum im Ausland, ein Treffen und einen Gedankenaustausch haben mit der deutsch-italienischen Parlamentariergruppe des deutschen Bundestages. Es wäre aus meiner persönlichen Sicht, aber auch aus der unseres Alumni-Vereins, sehr schön, wenn es in naher Zukunft zu einer gemeinsamen Veranstaltung der beiden Alumni-Vereine kommen könnte. An Themen – wie z.B. die derzeit nicht gerade rosigen deutsch-italienischen Beziehungen, oder die bedenkliche Entwicklung von Freiheit und Wissenschaft nicht nur in einigen Staaten Europas – mangelt es sicherlich nicht. Und das Exzellenzzentrum der Villa Vigoni wäre sicherlich der ideale Ort für den interdisziplinären Austausch und wissenschaftliche Debatten. Ganz im Sinne des preußischen Universalgelehrten und Kosmopoliten Alexander von Humboldt, dessen 250. Geburtstag Sie dieses Jahr feiern.


    In diesem Sinne wünsche ich Ihnen allen auch im Namen des Gesamtvorstandes von Alumni DAAD Italien eine informative, wissenschaftlich anregende und erfolgreiche Tagung und dass sie von den Diskussionen viele neue Ideen und Motivation(en) mitnehmen. Lassen Sie sich hier und jetzt aber auch in Zukunft von der Neugier und der Begeisterung dieses großen Forschers Alexander von Humboldt leiten!


  


  

    Sezione natura / Sektion Natur


  


  

    Alexander von Humboldt: a life for science, humanity and nature


    Enno Aufderheide


    The organizers asked me to also talk about our namesake, Alexander von Humboldt. Of course, it is a pleasure to do so:


    Alexander von Humboldt was different from almost all famous people of his time. He certainly was born into a very privileged situation: his father being an officer in the army and a courtier, his mother a rich heir. His father died early, but his mother engaged the best teachers for her sons Wilhelm and Alexander. They educated them in the spirit of enlightenment and tolerance, and introduced them to intellectual circles. However, Alexander’s interest for nature, plants and animals, was disregarded as unimportant.


    Following his mother’s order, Alexander went to different universities studying administrative issues, gaining knowledge in geography, accounting and economy. When his mother finally agreed he could study mining, he was able to reconcile her and his wishes.


    As a civil servant in Prussian mining, he not only applied his knowledge to quickly increase the profits of the mines, but also invested his ingenuity and private money to improve safety and living conditions of the miners.


    After his mother’s death, Alexander inherited a large fortune. He quit his job and meticulously prepared for a research expedition, which finally took him, together with the French botanist Aimé Bonpland, to Latin America. Here, he not only developed revolutionizing insights into the interdependence between the animate and the inanimate sphere, recognizing what we might call the “web of life”, he also developed a strong opposition to slavery.


    Back in Europe, he published, in detail and preciseness, the results of his journey, living mainly in Paris – a daring decision for a Prussian nobleman at the time of Napoleonic wars. In describing the nature of the tropics, Humboldt created a new kind of appreciation for the beauty and perfection of nature. His descriptions of his adventures and impressions of the Latin American landscapes became world bestsellers. Using his judgment, his network and even his private fortune, he supported many young scientists and explorers. His transcontinental network was also instrumental in his endeavor to collect the world’s knowledge in sciences and the humanities. In the 5-volumes of his opus magnum “The Cosmos”, Humboldt drew the attention of the educated class in many countries to the beauty and thrill of knowledge. His influence on our way of thinking is probably far beyond our imagination.


  


  

    Energy in the deserts from wind and sun: the challenge of the solar updraft power plant technology


    Francesca Lupi


    


    Abstract


    The paper addresses the challenges of the Solar Updraft Power Plant Technology, to extract energy from wind and sun in the deserts through ultra-high chimneys. Their height reaches 1 km. Their thickness is a handbreadth. A large greenhouse at the foot (typically a glass collector) warms up the air and creates an updraft flow through the chimney. The flow energy is extracted through wind turbines at the tower foot. Among natural hazards, the wind action governs the feasibility of such ultra-high structures. Wind tunnel tests – performed at WiSt Ruhr-Universität Bochum (Germany) and at CRIACIV University of Florence (Italy) – revealed peculiar aerodynamic effects, such as bistable flows, caused by the presence of stiffening rings along the height of the 1-km tower.


    Introduction to the solar updraft power technology


    The Solar Updraft Power Plants technology (SUPPs) generates sustainable electric power by sun-wind energy harvesting. Solar radiation is an inexhaustible input, which is converted into electric power through the natural updraft of heated air in a very high chimney.


    A SUPP consists of three elements (Figure 1): the collector, the turbine(s) with coupled generators as power conversion unit and the solar tower. The collector is a large glass-covered area where the visible and the ultraviolet wavelengths of the solar radiation heat the ground and consequently warm up the air under the roof, through the mechanism of natural convection. Meanwhile, the infrared wavelengths warm up the energy storage layer made of the soil itself, stones or, in case, water. Such an energy storage allows night operation. Then, the heated, less dense air rises up into the chimney of the plant, thereby drawing in more air at the collector perimeter and thus initiating forced convection. The driving force or potential that causes air to flow through the solar tower is the pressure difference between a column of cold air outside and a column of hot air inside the chimney. The stream of warm air turns the turbines at the chimney foot and in the power conversion unit the kinetic energy of the flow is transformed into electric power.


    The power output is proportional, through the effectiveness factor, to the volume of the virtual cylinder having the collector area as base and the height of the tower. The effectiveness considerably increases as the chimney height increases. For this reason, ultra-high towers of at least 700 m are needed for economically convenient power plants. Provided a solar radiation input of 2.2 MWh/m2, as it is in the great worldwide deserts, a power plant with a 750 m high tower and 3500 m collector diameter is estimated to deliver a maximum electric power of 75 MW (Krätzig 2013). Despite the high initial investment, the winning character of SUPPs is the extremely low levelled electricity cost LEC. This is because of the very low costs for maintenance and the long operational life. For the aforementioned power plant, Krätzig (2013) calculates (according to the IEA-guidelines) 9.9 €ct/kWh for the first depreciation period of 30 years. After this time, only few rehabilitation may be required, thus the generation costs drop down.


    

      [image: Figure 1a: relationship between tower and greenhousee]

      [image: Figure 1b: convective currents inside the SUPP]

      

        Figure 1: Working principle of the Solar Updraft Power Plants technology


      

    

    Ultra-high towers are especially sensitive to the wind action, which thus decides their feasibility. The most economic design of the tower is a shell structure having an extremely thin wall with a ratio of wall thickness to diameter as low as 1:600. Such structures are sensitive to local actions such as gusts. A considerable reduction in the tower vulnerability, accompanied by significant decrease in the amount of material can be gained by ensuring a beam-like behaviour. Stiffening rings applied along the tower height are the best strategy for this purpose.


    Structural challenge


    Solar towers are super-tall and extremely thin shells made of reinforced concrete. Typical features – like the circular shape and the predominant beam-like behaviour – make them similar to chimneys. Further issues – like the ovalling deformation of the cross-section at the higher modes, the hyperbolic shape of the lower tower half, the thin wall thickness mostly subjected to membrane stresses – associate them to cooling towers. Pre-designs of solar towers as cylindrical tubes are developed by Schlaich&Bergermann and Goldack (see Goldack 2004, 2011). In the last years, W.B. Krätzig transferred insights from designs of natural draft cooling towers’ projects to solar chimneys (Krätzig 2008, 2009). With this regard, the distinctive feature is that the lower part of the tower turns into a hyperboloid. Thanks to the use of a double curvature surface, the structure applies the benefits of shape strengthening. A pre-design of a 1000 m high reinforced concrete solar tower is shown in Figure 2 (Krätzig et al. 2008, 2009; Harte et al. 2010). The wall thickness of high-performance reinforced concrete (C70/85) varies from 0.25 m to 0.65 m, the diameter from 150 m to 280 m.


    

      [image: Figure 2: Quoted details of various structures of the tower]

      

        Figure 2: Structural design of a 1-km Solar Updraft Tower (Krätzig&Partner, Bochum)


      

    

    From the structural point of view and aiming at minimization of costs, it is important to construct the solar tower as thin as possible. The best strategy for this goal is to ensure a predominant beam-like behaviour. The beam theory predicts a cosine distribution of the meridional stresses n22 around the circumference. Instead, in case of shell behaviour, the maximum membrane stress (at stagnation) increases due to the ovalling deformation and becomes the leading stress in the design of the tower under the wind action. Then, equilibrium implies a reduction in the minimum membrane stress and a shift upstream of the neutral axis. In case the shell behaviour predominates, applying the beam theory is on the unsafe side. The predominance of the shell-like behaviour in a chimney results from the combination of aspect ratio h/d and thickness-to-radius t/r. The more h/d and/or t/r increase, the more the structural behaviour tends to that of a beam (Peil&Nölle 1998). The peculiarity of the solar tower is the extremely thin wall thickness. Referring to Figure 2, the thickness-to-radius t/r is 0.25m/75m = 1/300. This value is one order of magnitude lower than the common one for typical industrial chimneys. However, the goal of ensuring a predominant beam-like behaviour can still be achieved by installing stiffening rings along the chimney height and on top (Goldack 2004, Backström et al. 2008, Krätzig et al. 2008-2009, Lupi 2009, Lupi et al. 2011-2013-2015, Harte et al. 2010). Stiffening rings can be realized in several ways, e.g. classical reinforced concrete beams, composite steel-concrete, spoken wheels with carbon fiber strings. In order not to reduce the updraft flow and thus the efficiency of production, the interference between stiffening rings and internal efflux in the chimney has to be minimized. For this reason, it is preferable that stiffening rings are fixed on the outer surface. Figure 3 shows the eigenmodes of the 1-km tower depicted in Figure 2 without and with rings.


    

      [image: Figure 3: different deformations of a wireframe tower without and with stiffening rings]

      

        Figure 3: Influence of stiffening rings on the mode shapes of 1000 m Solar Tower (Lupi et al. 2009)


      

    

    The number and the stiffness of the ring beams ensure a favourable re-distribution of internal stresses and allow reducing peaks of tension at the windward side. Figure 4 shows the significant gain, in terms of reduction of tension at stagnation, thanks to the presence of stiffening rings. Figure 5 shows that further improvement towards the ideal beam response (max n22 = - min n22, being n22 the meridional force) can be achieved by doubling or tripling the stiffness of the rings. For the construction, however, this might be rather difficult to guarantee.


    

      [image: Graph detailing how with 10 rings the tower would behave quite similarly to a beam]

      

        Figure 4: Beam-like and Shell-like Behaviour (z/h = 0.35)


      

    

    

      [image: Graph showing that increasing the stiffness of the rings the structure will behave more similarly to a beam]

      

        Figure 5: Ten span-wise rings: effect of an increase in the stiffness on the meridional stresses (z/h = 0.35)


      

    

    Another important contribution of the stiffening rings is the increase in the stability safety by localization of the buckling modes. For tower designs without ring-stiffeners the instability modes dominate the entire shell and thus the concrete quality for this alternative should be increased to a high performance reinforced concrete, e.g. C90/105 (Krätzig 2008-2009).


    Aeolian hazard


    The stiffening rings increase the natural frequency of the tower and therefore limit resonance to gust wind. Moreover, the vulnerability to vortex shedding is deeply reduced by the predominant beam-like behaviour. Despite the extremely low Scruton number due to the very low chimney mass per unit length, the critical velocity for vortex resonance – calculated by referring to f1 = 0.17 Hz, Strouhal number St = 0.20 and tower diameter d = 150 m – is far beyond (more than 25% higher) the design wind speed (Vcr = f1d/St = 127.5 m/s).>


    The wind loads on such ultra-high structures need to be investigated through experiments on a model scale in a Boundary Layer Wind Tunnel, able to simulate the atmospheric boundary layer. The Standard Codes are by far not adequate.


    Wind tunnel investigation to identify wind loads on the tower


    The experimental investigation has been performed in two wind tunnels: the WiSt laboratory at the Ruhr-University Bochum (Germany) and the CRIACIV laboratory at the University of Florence (Italy). The aim is the investigation of the aerodynamic features of the flow past the tower and the interference due to the stiffening rings. The cross-check of results between the two wind tunnels allows investigating the dependency on flow parameters, like wind profile, turbulence intensity and lenght scale.


    WiSt laboratory at Ruhr-University Bochum is an open circuit boundary layer wind tunnel with a test section of 1.8 m in width and 1.6 m in height. The turbulent atmospheric boundary layer develops thanks to a castellated barrier, three turbulent generators of Counihan type and the roughness field. The maximum wind speed is about 30 m/s. A Prandtl tube, placed at 1.3 m in height, allows measuring the dynamic pressure of the incoming flow. Temperature sensors acquire temperature during the measurements. The pressure sensors – used in the experiments to measure wind pressures on the model surface – are four-active-element piezoresistive bridges. The A/D converter scans the pressures in a sample-and-hold modus, which produces simultaneous sampling of the measurements. A sampling frequency of 2 kHz is used for the measurements.


    The CRIACIV laboratory is an open-circuit boundary layer wind tunnel located at Polo Universitario Città di Prato, which is a branch of the University of Florence. The tunnel has a test section of 2.4 m in width and 1.6 m in height. The atmospheric boundary layer profile is created by turbulence generators, followed by roughness panels with wooden cubes. The motor – with a nominal power of 160 kW – and the fan are placed at the end of the wind tunnel, followed by a T-shaped symmetric diffuser. The engine allows attaining a maximum wind speed of about 30 m/s. The wind pressures on the model surface are measured with two different types of pressure scanners: PSI 8400, scanning at a frequency of 250 Hz; DTC-Initium, scanning at a sampling frequency of 500 Hz.


    The model for wind tunnel tests (Figure 6) is a hollow circular cylinder with a free-end and aspect ratio h/d = 6.67. The cylinder is a rigid body of 1 m in height and 15 cm in diameter. In scale 1:1000, it represents a 1-km tall tower prototype. The hyperbolic shape is not included in the model, both for manufacturing reasons and for the sake of generality. Pressure taps are placed at 17 levels along the height at an angular spacing of 20° in the circumferential direction. It is also possible to create an efflux inside the cylinder like in a chimney during operation. Both external and internal pressures can be measured at each level.


    The peculiarity of the investigation is given by the presence of the rings along the height of the tower, which represent the stiffening rings mentioned above (Figure 7). On the rigid model, the aerodynamic effect of the ring beams on the passing flow can be investigated. The ring beams are equally spaced along the tower height and their width (w) in the wind tunnel scale ranges from 3.5 to 7 mm (w/d = 2.33 ÷ 4.67*10-2). The tests are repeated with 5, 7 or 10 rings and without any ring as well.


    

      [image: Miniature model of a tower in a wind tunnel]

      

        Figure 6: Wind Tunnel Model


      

    

    

      [image: Detail of the miniature model]

      

        Figure 7: Detail of the Wind Tunnel Model: Ring Beam and Surface Roughness


      

    

    The Reynolds number is an important parameter for structures with rounded shape, because the position of separation can move and adjust itself in response to the flow structures in the separated region. A different state of the flow can occur whether separation is before, after or around transition from laminar to turbulent boundary layer. The maximum Reynolds number achievable on that model in WiSt and CRIACIV wind tunnels, calculated by referring to the velocity at z = h and the tower diameter d, is Re ≈ 2.5-2.8*105. Surface roughness, consisting of ribs, is applied on the model in order to attain a much higher effective Re. Different distributions and thickness of ribs are tested at different wind tunnel velocities, in order to approach an effective Reynolds number appropriate for the full-scale condition. As explained in Lupi et al. 2013, the most suitable surface roughness for the wind tunnel model to achieve this goal is as follows: wind ribs ks/d = 0.25mm/150mm = 1.67*10-3 applied along the height of the model in between the pressure taps, i.e. at an angular spacing of 20°, as shown in Figure 7.


    Experimental results


    The rough cylinder, without rings and immersed in the atmospheric boundary layer flow is tested at first. Due to the free-end, complicated flow structures develop along the height and in the tip region. Most of the experiments available in literature on circular cylinders are at subcritical Reynolds numbers, therefore a direct comparison should not be done. However, one issue deserves particular attention. In (Kitagawa et al. 1999-2001-2002) the existence of the so-called tip-associated-vortices is detected close to the free-end of a very slender circular cylinder. Tip-associated-vortices are larger Karman vortices in the tip region of the cylinder, which are associated to the reduction of the Strouhal number to about one-third of its middle height value in the tip region of the cylinder. In a frequency domain analysis of wind pressures or forces, tip-associated-vortices reveal themselves as a lower frequency peak.


    Despite their height, solar towers are not very slender structures (h/d = 6.67 in the case study) and the tip effect extends over a large portion of the height (two diameters are about 30% of the height). With regard to the mean load, the tip effect induces higher drag force (60% more) in the upper region of the tower (Gould et al. 1968). As regards the fluctuating load, the presence of the free-end on structures of such a slenderness creates a complex interaction between typical Karman vortices (St ≈ 0.20-0.21 at middle height) and so-called tip-associated-vortices (St ≈ 0.065 in the tip region). This interaction is clearly shown in Figure 8, which plots the spectra of the lift force at different levels in the upper half of the cylinder. The tower has no rings in this case. The result is confirmed in the two wind tunnels. The variation of the Strouhal number along the height of the cylinder is motivated in Farivar (1981) through the blockage effect created in the wake by the downwash flow from over the tip. This blockage, similar to a splitter plate, elongates the vortex formation region and thus reduces the frequency of vortex shedding.


    

      [image: Graphs showing the variations]

      

        Figure 8: Variation of the Strouhal number along the height case without rings, Re = 2.5*105, ks/d = 1.67*10-3, z/h = 0.95; 0.85; 0.75


      

    

    The wind tunnel tests in case of 10 rings along the height of the cylinder (and 7 mm the width of each ring in the scale of the model) reveal a completely unexpected „bistable flow condition“. The time histories of wind pressures present random „jumps“ between two positions of equilibrium. These switches are especially evident in the vicinity of the separation point.


    Figure 9a shows that at z/h = 0.95 the mean value of the pressure coefficient at 100° from stagnation ranges from about -1.0 in the state n.1 until about -1.6 in the state n.2. On the opposite side of the cylinder (φ = 260° = -100° from stagnation) the opposite occurs, i.e. the side pressures jump in the opposite directions. Therefore, at φ = 260°, Cp,m ≈ -1.6 in the state n.1 and Cp,m ≈ -1.0 in the state n.2 (Figure 9b). Therefore, the flow pass the tower presents a stable asymmetry within each state. Another feature is the span-wise self-organization of the asymmetry. In the compartment below the ring, the jump of the side pressures occurs in opposite directions (Figure 9 c and d). This means an inversion of the asymmetry between neighbouring compartments. These figures refer to results at WiSt wind tunnel. The aerodynamic phenomenon and its main features are also confirmed at CRIACIV wind tunnel (see Lupi et al. 2013-2015 for further details).


    Higher suction on one side of the cylinder within each stable state is responsible for the onset of a bistable lift force. The lift force jumps between two mean steady non-zero values (CL,m ≈ ±0.20), identifying two asymmetric load conditions. The inversion of the lift force along the height of the cylinder occurs between neighbouring compartments.


    

      [image: Graphs showing the time histories of the wind flow behaviour]

      

        Figure 9: Bistable Flow in Wind Pressures in the Case of 10 span-wise Rings: a-up left) Cp at z/h = 0.95, φ = 100°; b-up right) Cp at z/h = 0.95, φ = 260°; c-down left) Cp at z/h = 0.85, φ = 100°; d-down right) Cp at z/h = 0.85, φ = 260°; Re = 2.5*105; rough cylinder ks/d = 1.67*10-3


      

    

    There is some analogy between this type of bistable flow and what occurs on smooth cylinders in the critical range of Re (Schewe 1983). However, the conditions of occurrence are different because the effective Re of these experiments is far beyond the critical value. Furthermore, the interesting aspect for the tower design is that the bistable phenomenon does not show any tendency to disappear at higher Reynolds number.


    

      [image: Graph showing that for smaller tower diameters, the presence of rings impacts on tip vortices]

      

        Figure 10: Suppression of tip-associated Vortices in case of 10 Rings (Spectra of Lift force, Re = 2.5*105, ks/d = 1.67*10-3, z/h = 0.85)


      

    

    The frequency domain analysis of wind pressures in the tip region of the cylinder highlights an important feature for the understanding of the aerodynamic phenomenon induced by the rings, as explained in (Lupi et al., 2015): the presence of rings interferes with the shedding of tip-associated-vortices in case their distance is smaller than about one diameter (Figure 10). This suggests that the tower diameter is the key parameter which governs, in the tower design, the distance between rings, in order to minimize the interference of the rings with the vortex structures in top region. It follows that, in order to avoid the bistable flow condition, the rings in the top region of the tower should be placed at a distance larger than the diameter.


    Production of energy


    Krätzig (2013) has developed codes to compute the power generation of Solar Updraft Power Plants in sufficient exactness and fast computing speed, despite strong non-linearities. The collector is subdivided into a number i of ring elements of characteristic finite volumes of air with ground/top surfaces ΔAcoll,i = π(ri+12-ri2) and hi, hi+1 as respective collector heights. These finite volumes are idealized as one-dimensional in radial direction r.


    The simulation of a Solar Updraft Power Plant consists of four sub-problems, namely 1) the solar heat transfer into collector, 2) the heated air movement through the collector, 3) the electricity generation in the turbine, 4) the updraft of heated air. The key to high computing speed is the proper mathematical decomposition by suitable selection of interfaces of all four sub-problems.


    The air motion through the collector involves fluid-mechanics and thermodynamics processes, governed by the following laws: Conservation of mass, Conservation of linear momentum, Entry of solar irradiation, Conservation of energy (Bernoulli equation), State equation: Ideal gas law for air.


    The updraft in the chimney depends on the pressure difference resulting from the mass density of the outer air and the mass density of inner air, which are integrated over the chimney height. The Bernoulli law allows then calculating the wind velocity at the turbines’ outlet. Friction losses as well as the pressure drop at the turbines must also be considered.


    

      [image: Different data fora 500m SUPPs and a 750m one over the background of a rocky desert]

      

        Figure 11: Optimization study for two different SUPPs (G=2.2 MWh/m² a) presented in (Krätzig 2013)


      

    

    The fluid-mechanics and the thermo-dynamics governing the air motion through the collector, coupled with the wind velocity at the turbines’ outlet and the turbines’ power extraction algorithm constitute a non-linear initial value problem. It can be solved step-wise by increments of mass flow. Key parameters are the collector efficiencies αi, which govern the amount of solar radiation that is converted into heat flux in the collector elements. The collector efficiencies depend on the characteristics of the collector glass, of the soil and of the air through heat power balance conditions, which, in turn, result into a non-linear system of algebraic equations. They include all the convective and radiation heat transfers between outside air and glass, glass and inside air, inside air and soil. It can be proved, that in case of additional water storages and/or double glazing, the efficiencies increase. The collector efficiencies are maxima at the collector perimeter and decrease with the distance from the plant centre.


    As a result, Krätzig (2013) developed a software tool to be used as fast analysis instrument for solar updraft power plant designs. Some results are reported in Figure 11 and show low levelled electricity costs despite high initial investments.
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    Bioinspired supercrystalline composites: 
nanoscience meets materials engineering


    Diletta Giuntini 1


    At the crossroad between engineering, chemistry and physics lies materials science, the discipline devoted to understanding what things are made of, and how this knowledge can be used to create ever new materials. At the crossroad between materials science and biology, lies the field of biomaterials and bioinspired materials. In the last few decades many studies have been devoted to the careful analysis of natural materials (Meyers 2008: 1-206). They feature extraordinary sets of properties, often not reproducible artificially. This is valid also for mechanical and structural properties. Several natural materials with remarkable combinations of mechanical properties have been identified. Some examples include bamboo, bone and mother of pearl (nacre). These are either extremely flexible when bent, able to undergo large deformations before fracturing, and/or self-repairing. Nacre, in particular, is strong, hard, stiff, and tough against fracture. Making this all the more surprising, nacre is mostly constituted by a ceramic phase, and ceramic materials are typically affected by poor fracture toughness. A set of detailed investigations has revealed that nacre – and other natural materials – are able to reach such properties combinations thanks to their composition and structure. Natural materials with good mechanical properties are not purely ceramics, but composites: their main constituent is a ceramic phase, but it is combined with a small amount of organic material. Together with this mixed composition, what distinguishes natural materials is their hierarchical structure, meaning that the material’s building blocks are organized in specific architectures at the various length scales. When looking at nacre in the microscope, one sees 10-20 µm long bricks, a few µm thick, arranged in an organized stacked structure, and interfaced by a thin layer of organic material. This is the so-called brick-and-mortar structure, where the bricks are mainly made of calcium carbonate, and the mortar consists of chitosan, a protein. This structure is of fundamental importance for nacre to achieve its fracture toughness, as there is a significant strength gap between the ceramic-rich bricks and the soft compliant polymeric mortar. When a crack tries to propagate through nacre, it moves along the soft mortar, instead of crossing the bricks. This forces the crack to deviate multiple times through the material, which is how fracture toughness is achieved: a sudden, catastrophic crack propagation is avoided (Meyers 2008: 1-206). However, the hierarchy of the material continues. Each brick is not a single crystal monolith, but a composite itself, with calcium carbonate (ceramic) nanoparticles tightly packed and interfaced by an ultra-thin layer of chitosan (Stempflé 2010: 715-721). Even if the brick-and-mortar microstructure is the main contributor to nacrÉs fracture toughness, this nanostructure also plays an important role in toughening the material, but not only. Being the constituent building blocks of the material nano-sized, they have very high strength, approaching the theoretical strength of the material they are made of. The theoretical strength of a material is its ideal strength, the one it will reach if it was completely defect-free, and thus only controlled by the strength of the atomic bonds holding the material together. In ceramics, these bonds are covalent or ionic, and thus extremely hard to break. However, any material has imperfections, of various shapes and sizes, which dramatically decrease their measured strength from the theoretical values to values that are orders of magnitude lower (Meyers 2009). In the case of nanoparticles, on the other hand, the sizes are so small, that the amount and types of defects that they can contain is drastically reduced, allowing them to reach strength values close to the theoretical ones.


    

      [image: Increasing magnification of a material made of tiny hard organic shells enmbedded in soft organic shells]

      

        Figure 1: Design principle for a hierarchical material with enhanced mechanical properties.


      

    

    Three criteria are thus learnt from nature to produce ceramic-rich materials with an enhanced combination of mechanical properties: having a material that is a composite, with a hierarchical structure spanning multiple scales, and nano-sized building blocks (see Figure 1). The realization of nacre-mimetics, or, in a broader sense, ceramic-based materials with increased fracture toughness, is thus touching two rising disciplines of applied and materials sciences: nanoscience – which considers the fact that unexpected phenomena occur at the nanoscale, and that the known laws of materials engineering do not necessary hold –, and biomimetics – taking inspiration from nature for new materials design.


    At the Hamburg University of Technology (TUHH), these three criteria have been adopted to develop a new processing routine for multiscale ceramic-organic materials with improved mechanical properties. The approach that had been designed is bottom-up: starting from nanoparticles, bulk, macro-scale materials are built. More specifically, organically-functionalized ceramic nanoparticles are organized into supercrystalline nanocomposites, which in turn serve as micro-scale bricks for the final bulk materials, as depicted in Figure 1 (Dreyer 2016: 522-529).


    The functionalized nanoparticles serving as building blocks are iron oxide (magnetite) nanoparticles with ~16-nm diameter, with a single layer of oleic acid (an oligomer) anchored to the nanoparticles’ surface through their carboxylic group. The oleic acid constitutes ~9%wt of the material system, which is the minimum necessary to have a thin layer of organic phase surrounding each nanoparticle. The functionalized nanoparticles are initially suspended in a solvent (toluene in most cases), which keeps them isolated from each other. When the solvent is slowly evaporated from the suspension, or a non-solvent is added in a controlled way, the nanoparticles approach each other. If suitable conditions are guaranteed, the nanoparticles come together into ordered structures. This process is called self-assembly, and can be performed via different methods, such as the solvent evaporation and solvent destabilization mentioned above (Boles 2016: 11220-11290, Cölfen 2005: 5576-5591). It is performed in an assembly of die and punches, and after complete removal of the solvent, a dry sediment of self-assembled material is left at the bottom of the assembly. This is subsequently annealed at mild temperatures (250-325ºC) in inert atmosphere. The heat treatment step is particularly important, as it enables a significant boost in the mechanical properties of the final materials. Such a boost relies on a crosslinking reaction. Each oleic acid molecule contains a double carbon-carbon bond (C=C), which, at the above-mentioned temperatures, allows the formation of covalent bonds among neighboring oleic acid chains. The formation of these bonds greatly limits the mobility of the nanoparticles with respect to each other. From the weak van der Waals interactions that hold together the composite material before heat treatment, a shift to a strong covalent network is obtained (Dreyer 2016: 522-529, Giuntini 2019: 3139-3150, Bor 2019: 3247-3256, Domènech 2019: 3435-3446).


    The material resulting from this process combines therefore a unique nanostructure with remarkable mechanical properties.
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