POLITECNICO DI TORINO
Repository ISTITUZIONALE

Unlocking the social impact of built heritage projects: Evaluation as Catalyst of Value?

Original

Unlocking the social impact of built heritage projects: Evaluation as Catalyst of Value? / Coscia, C., Rubino, I.. -
ELETTRONICO. - (2021), pp. 249-260. (International conference on Smart and Sustainable Planning for Cities and
Regions SSPCR 2019 Bozen (ITA) 9-13 December 2019) [10.1007/978-3-030-57332-4_18].

Availability:
This version is available at: 11583/2833458 since: 2021-06-07T12:05:42Z

Publisher:
Springer

Published
DOI:10.1007/978-3-030-57332-4_18

Terms of use:

This article is made available under terms and conditions as specified in the corresponding bibliographic description in
the repository

Publisher copyright
Springer postprint/Author's Accepted Manuscript

This version of the article has been accepted for publication, after peer review (when applicable) and is subject to
Springer Nature’'s AM terms of use, but is not the Version of Record and does not reflect post-acceptance improvements,
or any corrections. The Version of Record is available online at: http://dx.doi.org/10.1007/978-3-030-57332-4_18

(Article begins on next page)

02 July 2026



012

DESIGN AND OPTIMIZATION OF 3D PRINTABLE POLYPROPYLENE-
BASED MATERIALS

Arrigo R'? Battegazzore D?, Bernagozzi G, Frache A!?

IDepartment of Applied Science and Technology, Polytechnic of Turin, Alessandria, Italy
2National Interuniversity Consortium of Materials Science and Technology (INSTM), Florence,
Italy

Introduction

Material extrusion (MatEx) 3D printing techniques are the most exploited additive manufacturing
processes for thermoplastics, being simple and economic in terms of both materials and tools.
Nevertheless, the catalog of available thermoplastics is still severely limited, mainly due to the
lack of reliable information on the processability of the materials. In this work, we aim
developing a deep knowledge about polypropylene, one of the most relevant thermoplastic
commodities, focusing on designing and optimizing PP-based formulations fulfilling the
requirements to be suitable for MatEx 3D printing.

Material and Methods

Composites based on a PP heterophasic copolymer and different loadings of talc, calcium
carbonate, silica and an organo-modified nanoclay were produced using a co-rotating twin
screw and characterized through rheological, thermal and mechanical analyses.

Results and Discussion

Firstly, the composition and the processing conditions of the PP-based compounds have been
optimized, aiming at achieving the proper thermal and rheological properties for MatEx
printability. DSC characterization demonstrated that the introduction of the different types of
fillers allowed reducing the melting entalphy of the PP-based systems, hence minimizing the
typical high volumetric shrinkage of PP. Besides, the results of the rheological measurements
pointed out that the introduction of all the exploited fillers caused the appearance of a yield-
stress behavior which is progressively more pronounced as the loading of fillers increases.
Furthermore, all investigated composites showed a significant shear thinning behavior at high
frequencies. In a previous work we demonstrated that the strictest criterium to classify a
polymer as MatEx-printable from a rheological point of view is the occurrence of a yield stress
behavior in quasi zero-shear conditions, which guarantees low propensity of the filament to drip
after the extrusion and a good shape stability of the extrudate at the exit of the nozzle and
during the deposition step. Furthermore, the shear thinning behavior ensures a low viscosity
during the extrusion step, hence enhancing the flowability of the material. Therefore, the
introduction of the different fillers allowed properly modifying the rheological behavior of PP,
helping in ensuring an effective printability of the materials. In the second part of the work, a
step-by-step optimisation of the process parameters has been conducted, and the mechanical
properties of the printed samples were evaluated.



