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Effects of Bentonite on Printability of 3D Printing Mortar

ZHANG Yi, ZHU Yanmei, REN Qiang, JIANG Zhengwu
(Key Laboratory of Advanced Civil Engineering Materials of Ministry of Education, School of Materials Science and Engineering,
Tongji University, Shanghai 201804, China)

Abstract: To ascertain the influences of bentonite and its content on the printability of 3D printing mortar, the extrudability of mortar
was evaluated via fluidity, and its buildability was evaluated by height retention rate and penetration resistance. Also, the rheological
behavior of cement pastes with bentonite was characterized via dynamic and static shear tests. Effects of bentonite and its content on
the printability of mortars were analyzed via rheology. The results show that the fluidity of printable mortars is linearly correlated to
the plastic viscosity of cement pastes and logarithmically to the dynamic yield stress of cement pastes. Besides, there is an exponential
relationship between the height retention rate of printable mortars and the static yield stress of cement pastes. The addition of
bentonite in the mortar increases the plastic viscosity and dynamic yield stress of cement pastes, resulting in a decrease in the
extrudability of mortar. Also, the addition of bentonite improves the static yield stress and structural rebuilding rate of cement pastes,
thereby improving the buildability of mortar. Therefore, appropriate amount of bentonite can make the mortar maintain good
extrudability while improving its buildability. A width ratio between the top and bottom layers of the printed sample with 2%
bentonite is 0.96.
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Table 1 Chemical composition (mass fraction w) of Portland cement and bentonite w/%
Materials Na,O P,0Os MgO Al O3 SiO, SO; Cl K,O CaO Fe O3 TiO, SrO LOI
Cement 0.08 0.12 0.65 4.56 209 2.65 0.05 0.87 65.00 3.23 0.22 0.03 1.64
Bentonite 3.33 17.31 64.98 1.68 0.07 1.59 8.87 1.74 0.27 0.02 0.14

R2 FRESL

Table 2 Mixture proportions of pastes by mass ratio

Mass ratio
Sample No. w(Bentonite) /%
Cement Water
P-C 0.0% 1 0.35 0.0
P-C 0.5% 1 0.35 0.5
P-C 1.0% 1 0.35 1.0
P-C2.0% 1 0.35 2.0
P-C3.0% 1 0.35 3.0
P-C 5.0% 1 0.35 5.0

*3 WRESL

Table 3 Mixture proportions of mortars by mass ratio

Mass ratio
Sample No. w(Bentonite)/%
Cement Silica sand Water
M-C 0.0% 1 0.67 0.35 0.0
M-C 0.5% 1 0.67 0.35 0.5
M-C 1.0% 1 0.67 0.35 1.0
M-C 2.0% 1 0.67 0.35 2.0
M-C 3.0% 1 0.67 0.35 3.0
M-C 5.0% 1 0.67 0.35 5.0
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Table 4 Bingham model fitting parameters of pastes with
different bentonite contents

Sample No. 7/ Pa w/ (Pas) R’
P-C 0.0% 11.11 0.54 0.991
P-C0.5% 9.62 0.69 0.980
P-C 1.0% 11.86 0.82 0.989
P-C2.0% 11.74 0.92 0.986
P-C3.0% 12.16 1.13 0.996
P-C 5.0% 15.42 1.61 0.998
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