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Effects of in-situ Polymerization on Mechanical Properties of 3D Printing Mortars and Its
Mechanism
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(1. School of Materials Science and Engineering, Southeast University, Jiangsu Key Laboratory of Construction Materials, Nanjing
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Abstract: Acrylamide was selected as a monomer to generate polyacrylamide network in 3D printing mortars via in-situ
polymerization, and the effect of in-situ polymerization on the mechanical properties of 3D printing mortars was investigated. The
influence mechanism was analyzed by Fourier transform infrared spectroscopy, scanning electron microscopy, mercury intrusion
porosimetry, and X-ray computed tomography. The results show that the in-situ polymerization of AM can enhance the fluidity of
3D printing mortars, reduce the generation of macroscopic defects, and improve the printing quality. After AM monomers are
polymerized, a “rigid-flexible” composite network structure is formed, in which the organic network and the cement hydration
products are intertwined. This structure greatly enhances the flexural strength and relative bonding strength of the 3D printed
specimen. The 28 d flexural strength and the relative interfacial bonding strength can be increased by 52.4% and 78.1%,
respectively.
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Table 1 Chemical compositions of reference cement and silica fume w/%
Material CaO SiO, AlLO3 Fe O3 MgO K,O Na,O SO;
Cement 65.74 2235 4.61 3.62 2.08 0.87 0.51 0.32
Silica fume 1.84 95.38 0.61 0.26 0.85 0.16
W is mass fraction.
x2 WERESL
Table 2 Mix proportion of mortar m/g
Samples Cement Silica fume Sand Water Acrylamide Potassium persulfate Methylene bisacrylamide
OPC 950 50 2000 350
P1-110 950 50 2000 350 10 1 0.5
P1-120 950 50 2000 350 10 2 0.5
P3-110 950 50 2000 350 30 1 1.5
P3-120 950 50 2000 350 30 2 1.5
P5-110 950 50 2000 350 50 1 2.5
P5-120 950 50 2000 350 50 2 2.5
m is mass.
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Fig. 1 Cutting of specimens for interlayer bonding strength test
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Fig. 2 Effect of in-situ polymerization on the fluidity of 3D
printing mortars
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Fig. 3 Effect of in-situ polymerization on the compressive
strength of 3D printing mortars
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Fig. 4 Effect of in-situ polymerization on the flexural strength
of 3D printing mortars

HE 4770, BEE AM BEREM, {406
Prom g 2 HHE W ETHERE . DLKPS BE 10% M
B, 2 AM BEM 0 BEINE 5%, 7d HidromEMN



51 EE S W

o B JRALIRE X 3D JTEIW IR I A RE K R AL + 1097 -

7.4MPa HEIN%E 10.3 MPa, HKIERE A 39.1%; 28d
Uy AE 1 8.2 MPa HE N4 12.5 MPa, 4 KigRE ik
F| 52.4%. 3D T EP A BT o B R - —J7 T
KHT AM JEALER A TE B HLIN 28 K Je K40
MR AT RPN S5/, FERL T 88 2P (1) RE &,
AR 24 LY e i M e, 53— 7 i, AM
PIMACGE T 3D FTERRP K s, 1R A S
PRENFITEDL S, AT BN B B K 2 B e B 11
ATREVERRAR, TR PG

AN, SZOG 45 IR R KPS B84} 3D 1T eI
FARMPHT IR E WA K, IR, N
T HIWT AM 158 A1 KPS 45 80 BT 28 FE 520 B A X
Ko, AEHZ e A B iE ML . 25 3
AM $BiE, KPS 558 DL om U X (8] A 2N
HAMME, HFELA— L EHTERERA, W
KQQ)~AG 7R, HEERWE 3 .

Opgq = AW(AM) gy +bW(KPS) 4 +C 2)
WA = @)
Mm&m:ﬁﬁ%%%ﬁ (5)

A opga NI IAS AR PP D — A S
A, 15 WAM)gq NHE A& 20 AM B8 0 —1k
WS IME, 15 WKPS)ga NEWE B4 5 KPS 5
BTG, 15 on ANER S AR
IFTHT IR L (MPa); W(AM), 2% 3125 A AL Y
P TEAB B (%) WKPS), 9504 11 % 2 2 E 1)
RSB E(%): a. b ¢ NILE REL
%3 3DITEMMRIRITRES THMNAER

Table 3 Multivariate linear fitting results of flexural
strength for 3D printing mortars
Age a b c R? p
7d 1.529 0.115 —-0.649 0.976 0.001
28d 1.516 0.079 —-0.497 0.980 0

Note: a, b, and ¢ are fit coefficient; R? is relative coefficient; p is probability

for rejecting the model.
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Fig. 5 Effect of in-situ polymerization on the relative
interlayer bonding strength of 3D printing mortars
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Table 4 Multivariate linear fitting results of interlayer
bonding strength for 3D printing mortarss

Age a b c R? p
7d 1.317 0.147 —0.466 0.969 0.001
28d 1.437 —0.038 —0.456 0.960 0.002
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Fig. 6 Effect of in-situ polymerization on the bonding formation of 3D printing mortars
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Note: AM is acrylamide.
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Fig. 7 Effect of in-situ polymerization on the morphology of 3D printing mortars
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Note: CPD is short for critical pore diameter.
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(b) Cumulative porosity
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Fig. 8 Effect of in-situ polymerization on the pore structure of 3D printing mortars
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Fig. 9 3D rendering of pore structure in different 3D printed specimens
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Fig. 11  Schematic diagram of mechanism for 3DPC mechanical properties enhancement with AM in-situ polymerization
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