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Effect of Polymers on Performance of Underwater
3D Printing Building Mortar
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Abstract: The effects of latex powder (FX), cellulose ether (HM) and starch ether (KH) on rheological properties,

working properties, anti-dispersant properties and mechanical properties of underwater 3D printing building mortar
(3DP-BM) were studied. The results show that 3DP-BM cannot be printed underwater without FX or HM, or with
too much KH. Mixed with FX, HM and KH together, 3DP-BM has good working performance, appropriate

mechanical strength and underwater anti-dispersion performance. When the content of FX, HM and KH is 0.500%,

0.100% and 0.025% respectively, 3DP-BM has suitable operational time, good underwater anti-dispersion property,

and high underwater strength and underwater stacking height.
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Table 1 Basic mix proportion of underwater 3DP-BM

w/%
Sample Cement  Blast furnace slag ~ Silica fume =~ Water reducing admixture Retarder UAD FX HM KH
R-0 85. 000 10. 000 5.000 0.300 0. 060 2.000 0.500  0.100 0.025

it M B A L 3R R S W B R (L
WA BRI, H 4% 9 41K T 3DP-BM 44, I 1oL
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Table 2 The dosages of three types of polymers in nine
groups of underwater 3DP-BM

w/ %
Sample FX HM KH

A-1 0 0.100 0.025
A-2 1.000 0.100 0.025
A-3 2.000 0.100 0.025
B-1 0.500 0 0.025
B-2 0.500 0.200 0.025
B-3 0.500 0.300 0.025
C-1 0.500 0.100 0

C-2 0.500 0.100 0.050
C-3 0.500 0. 100 0.100
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(b) Rheological characteristic
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Fig.1 Effect of FX content on thixotropic properties and rheological characteristics of underwater 3DP-BMs
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Fig.2 Effect of FX content on setting time, extrudability and printability of underwater 3DP-BMs

2.1.3  PiormctEae

F 3N FLE M B X KT 3DP-BM L 4 1 g
MsZm . R 3T FLR M B AR T KT
3DP-BM 4t 43 HPE g 5 Bl % 2L 5 1 1 3 7 in
K, /KT 3DP-BM 1Y 5t 12t 4 2k 28 FlIE 7K 5 %5 W Y pH
HBIRAE— o B A B AIG (A5 BB AR K,
X043 FCIE B 14 52 /)N

#x3 IARHMBEIKT IDP-BM 4 80 EE I M0

Table 3 Effect of FX content on dispersion resistance of
underwater 3DP-BMs

Sample Mass loss pH value
rate/ % 5 min 10 min 20 min 30 min
A-1 1.4 9.96 9.97 10. 01 10. 03
R-0 0.5 9.84 9.86 9.87 9.89
A-2 0.7 9.84 9.89 9.91 9.92
A-3 0.3 9.61 9.66 9.70 9.77
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Fig.3 Effect of FX content on mechanical properties of underwater 3DP-BMs
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(b) Rheological characteristic
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Fig.4 Effect of HM content on thixotropic properties and rheological characteristics of underwater 3SDP-BMs
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Fig. 5 Effect of HM content on setting time, extrudability and printability of underwater 3DP-BMs
R4 AHEERIBEIKT 3DP-BM 15 B M B8 K F N
Table 4 Effect of HM content on dispersion resistance of underwater 3DP-BMs
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Fig. 6 Effect of HM content on mechanical properties of underwater 3DP-BMs
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(b) Rheological characteristic
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Fig.7 Effect of KH content on thixotropic properties and rheological characteristics of underwater 3DP-BMs
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Fig. 8 Effect of KH content on setting time, extrudability and printability of underwater 3DP-BMs
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Table 5 Effect of KH content on dispersion resistance of underwater 3DP-BMs
pH value
Sample Mass loss rate/ %
5 min 10 min 20 min 30 min
C-1 1.5 9.94 9.98 10.03 10. 08
R-0 0.5 9.84 9. 86 9.87 9.89
C-2 0.4 9.72 9.75 9.81 9.86
C-3 0.2 9.60 9.62 9.65 9.71
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Fig.9 Effect of KH content on mechanical properties of underwater 3DP-BMs
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