
Accepted Manuscript

Investigation of the rheology and strength of geopolymer mixtures for extrusion-based
3D printing

Biranchi Panda, Cise Unluer, Ming Jen Tan

PII: S0958-9465(17)31081-8

DOI: 10.1016/j.cemconcomp.2018.10.002

Reference: CECO 3151

To appear in: Cement and Concrete Composites

Received Date: 28 November 2017

Revised Date: 27 September 2018

Accepted Date: 5 October 2018

Please cite this article as: B. Panda, C. Unluer, M.J. Tan, Investigation of the rheology and strength of
geopolymer mixtures for extrusion-based 3D printing, Cement and Concrete Composites (2018), doi:
https://doi.org/10.1016/j.cemconcomp.2018.10.002.

This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to
our customers we are providing this early version of the manuscript. The manuscript will undergo
copyediting, typesetting, and review of the resulting proof before it is published in its final form. Please
note that during the production process errors may be discovered which could affect the content, and all
legal disclaimers that apply to the journal pertain.

https://doi.org/10.1016/j.cemconcomp.2018.10.002


M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

 

1

Investigation of the rheology and strength of geopolymer mixtures for extrusion-based 3D 1 

printing 2 

 3 

Biranchi Panda1, Cise Unluer2*, Ming Jen Tan1 4 

 
5 

1 Singapore Centre for 3D Printing, School of Mechanical & Aerospace Engineering, Nanyang 6 

Technological University, 50 Nanyang Avenue, Singapore 639798 7 

2 School of Civil and Environmental Engineering, Nanyang Technological University, 50 8 

Nanyang Avenue, Singapore 639798 9 

* Corresponding author. Tel.: +65 91964970, E-mail address: ucise@ntu.edu.sg 10 

 11 

 12 

Abstract: 13 

 14 

This study presents the development of fly ash-based geopolymer mixtures for 3D concrete 15 

printing. The influence of up to 10% ground granulated blast-furnace slag (GGBS) and silica 16 

fume (SF) inclusion within geopolymer blends cured under ambient conditions was investigated 17 

in terms of fresh and hardened properties. Evolution of yield stress and thixotropy of the 18 

mixtures at different resting times were evaluated. Mechanical performance of the 3D printed 19 

components was assessed via compressive strength measurements and compared with casted 20 

samples. SF demonstrated a significant influence on fresh properties (e.g. recovery of viscosity), 21 

whereas the use of GGBS led to higher early strength development within geopolymer systems. 22 

The feasibility of the 3D printing process, during which rheology was controlled, was evaluated 23 

by considering extrusion and shape retention parameters. The outcomes of this study led to the 24 

printing of a freeform 3D component, shedding light on the 3D printing of sustainable binder 25 

systems for various building components. 26 
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