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Effect of Polymer Post-treatment on the Durability of 3D-printed Cement
Composites

Ji-Seok Seo', Chang-Jin Hyun’, Yun-Yong Kim®*

Abstract: In this study, in order to improve the durability of the cement composite printed with the ME type 3D printer, PDMS, sodium silicate, and
a surface hardener were employed. Post-treatment was performed on 3D-printed cement composite by coating after immersion, and the degree of
improvement in durability was evaluated. As a result, in all evaluations, the durability performances of the post-processed specimens were improved
compared to those of the plain specimens. Water absorption resistance, chloride penetration resistance, and carbonation resistance of the PDMS treated
specimens were improved by 36.3 %, 77.1 %, and 50.4 % when compared to plain specimens. Freeze-thaw resistance of the specimens treated with
sodium silicate was found to be the most excellent, with an average enhancement of 47.5% compared to plain specimens. It was found that PDMS
was the most efficient post-treatment materials for 3D-printed cement composite. However, as suggested in this study, the post-treatment method
by coating after immersion may not be applicable to cement composite structures printed with a 3D printer in field. Therefore, a follow-up study needs
to be preformed on the durability enhancing materials suitable for 3D printing.
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Fig. 1 View of material extrusion type 3D printer

Table 1 Properties of binder for 3D printing cementitious composite

ltem Average Particle size Density  Specific surface area

() (g/cm) (cni/g)

OPC 20 3.15 3,459

FA 40 226 3,786
EVCL 130 0.4~0.5 -

Table 2 Properties of fine aggregate and agent for 3D printing

Item Properties

Silica sand NO.7, Average particle size : 0.17~ 0.25 mm,

Fine Aggregate Density : 2.6 g/cn’

Thickener(Methyl cellulose), Type : Powder

Agent Average particle size : ~ 600 ¢, pH : 7(Neutral)

& vl gl wet e A9 58S

Aol AdrE Aslehe 542 AU 7] Wl 7
A FE3le] 2 S58h= ME W 3D ZHE S A8l
Atk

ARE E3HA S| des MAsH] g AlgAle] &5
AHEEE 3D ZHEE ARE 4 o) EdYste 4271
(Extruder)®] &3 =&°] ZAEZ](Gantry)ll 238l 321 &
EA &Zol= ¥rlo g AHzst= ZYE oy o)lF5LET
20~25 mm/sec, =275 500x500x500 mm 2] A2 AHE-3FS
th. 3D ZHE 9] A7 Fig. 13 2t}

22 3D Z2IEE AHE SEH|

2.2.1 A

3D TG AN E EHA| o v gtol] AHS3H A= B
5 X EWE AW E(Ordinary Portland Cement, ©]3} OPC)E
ZIRre = 333 84 AdAE Egste] AHEsk T vl gl
ARESF A= o] FFolal At o] w11 Y] &
Hjo§ & 3K Ball-bearing effect)ol] ]3¢ -84 7I/d3skaL
21—7]71-1: ol LH‘—TLH 7}])\-] o] 7].—6]- Ea}-o]oﬁ /\](Fly Ash, 0]6]-
FA)o AR 82 o 3t S B 5SS P02 22 S
ALsHA et AzFE3 W74 A7 & Fev &3
A 52 o v)'dZ=Z2}o]| =(Ethylene Vinyl Chloride, ©]
3FEVCL)e|th. ZEA 5.2] £4-2 T3 Table 13} 2T}

222 ZE2A L E3H4

3D ZHUE-E AN E E3HA| o] ulj el ARE-3H

< 2715 5t HF2EAE AQsta A=A EA 1=
AL wske] BA)3 7FAF 75(Silica Sand NO. 7, ©|3}
SST)E AH&3liT 24| 2 e ARIE E34A 9] -5
EXNS JJAE T 3D TUE 2HA D A=A L WEA 7))
&) A=A vEAER @ ~A|F2] Z A(Thickener,

A &4

o3} Th)E A3tk J=A] & &84l EAFL T
Table 29} 2t}

2.2.3 v A

AHE BIAE A S 2 3D ZUH 317] flElAE =52
FH =5t A5 AFHE 3t AEEHIIA 4

Table 3 Test mixing design

ltem Binder (wt. %) W/B  SS7/B ThB
OPC  FA EVCL (Wt.%) (wt. %) (wt.%)
Tl 425 110
T2 855 100 45 400 100 03
""""""""" ™ 375 100
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Table 4 Properties of polydimethylsiloxane

Leaching resistance performance

Active . . - - - : -
pH component contents Residue of evaporation Pb  phenol weight reducthn of residual ~ Consumption Level of potassium
chlorine permanganate
9 42.7 % 12.0 mg/L Undetected 0.1 mg/L 0.3 mg/L
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Table 5 Properties of sodium silicate

pH Density Boiling Point Viscosity
11~12 1.5 g/ent 102°C 200 mPa
Table 6 Properties of surface hardener
pH  Specific gravity Kinematic viscosity Appearance
>7mii/s Colorless Viscous
1 1.13+0.02 40°C) liquid  liquid
" - - ~a 1 -~
(a) PDMS (b)Sodium Silicate  (c) Surface Hardener

Fig. 2 View of durability improvement material



Table 7 3D printing conditions for specimens

Nozzle size Printing speed e-step z-offset Primary layer height

® 6.0 mm 20~25 mm/sec 125~165 -1.0 mm 5.0 mm

(a) 3D Printing main specimen

(b) View of main specimen

(d) Curing 3D printing test
specimens

(c) Press the main specimen into
amold

Fig. 3 Test specimen manufacturing process
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Table 8 Chloride penetration resistance test conditions
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N : Plain [Water Absortion Test]
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P : PDMS applied
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Fig. 9 Results of absorption ratio
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Fig. 10 Improvement results of absorption ratio
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Fig. 11 Results of compressive strength after freezing-thawing test
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SS : Sodium Silicate applied
Q‘ P : PDMS applied
% SH : Surface Hardener applied
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Fig. 12 Improvement results of freeze-thaw resistance
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Fig. 13 Results of chloride penetration resistance
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