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Effect of Washing Solvent and Washing Method on Flexural
Strength of 3D-Printed Temporary Resin Material
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{Abstract)

The purpose of this study was to evaluate the effect of different washing solvents
and washing methods on the flexural strength of 3D printed temporary resin. A bar(25
X 2 X 2 mm) was produced with a layer thickness of 50 um using an LCD-type 3D
printer and divided into 15 groupstn = 10, each) according to washing solution(IPA;
99% isopropyl alcohol, TPM; 93% Tripropylene glycol monomethylether, ETL; Ethanol,
TWC; Twin 3D Cleaner, and DNC; DIO navi Cleaner) and washing method(Dip; Dip
washing, Ultra; Ultrasonic washing, and Auto; Automated washing). All groups were
washed for 5 minutes, and post-cured for 5 minutes using a UV LED light curing
machine. The Flexural strength was measured using a three-point bending test using a
universal testing machine. For statistical analysis, one-way ANOVA, Tukey HSD post
hoc test, Kruskal-Wallis test and post-hoc by Bonferroni-Dunn test(a=.05) were
performed depending on whether the normality test was satisfied. In all washing
solvents except TPM and DNC, the Dip group showed the lowest flexural strength
values, while the Auto group showed the highest flexural strength values except for
DNC. Additionally, the washing solution showed completely different flexural strength
values depending on the washing method.
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Fig. 1 Experimental design
Table 1. Washing solvent following the manufacturers’ instruction
Name(abbreviation) Major ingredients Manufacturer
Isopropanol(TPA) 99.9% Isopropanol Green Pharmaceutical, Jincheon,

Korea

Tripropylene glycol
monomethylether(TPM)

93 % Tripropylene glycol monomethylether

Lovotech, Seoul, Korea

Ethanol(ETL)

95% Ethanol, Dihydrogen oxide 5%

Samchun, Pyeongtaek, Korea

2-Butoxyethanol,

Propylene glycol

Dipropylene Glycol Monomethyl
Twin 3D Cleaner(TWC) Ether, Alcohol, C12-14, ethoxylated propoxylated, Medifive, Incheon, Korea

DIO navi Cleaner(DNC)

2-(2-butoxyethoxy)ethanol 30-60%, Distilled water
30-60%, Propylene glycol 5-10%

Dio, Busan, Korea
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Fig. 2 Configuration of three-point flexural strength
test

=R

—_—=-L 7

AR FAEA (SPSS  ver.
28, SPSS Inc., Chicago, 1L, USA)E ARE3}ICh
AH Gl gl AH o] o2 7F 719 BA
A ZolE dothy] I3 A A9 v o
Fof|  wet dHRAREA(one-way  ANOVA)}
Tukey HSD AR 74 9 Kruskal-Wallis test2}
Bonferroni-Dunn test AR A4S AlYseict.

B4 fo] 28 0058 JEon B

3. Zut A uE

oheFeh AlH ol AlH HPgel] whE 3D Ze
g AAES X1 ZF5AEE Table 29 Y
e ST

DipttellAl= AlE &dlo] wte S5 E gho
frolgt Holzh QUAtHP=.012). TPM(151.59 +
10.26 MPa), DNC(150.38 + 9.62 MPa), TWC
(146.87 + 7.85 MPa), IPA(138.18 + 9.11
MPa), ETL(137.45 + 19.48 MPa) 08 =&
Hargre Yelfigith UltrawtolAls TWC(154.39
+ 1528 MPa), DNC(153.16 + 6.45 MPa),
[PA(152.85 + 897 MPa), TPM(150.81 =+
14.86 MPa), ETL(148.86 + 5.46 MPa) «°o=
=2 Bago] WEEGoY, FAgHR {9
oel ol Ho|x] QQIKP=.812). AutowollA]
L TWC(168.77 + 8.18 MPa), IPA(155.19 +
8.03 MPa), TPM(155.11 =+ 11.85 MPa),
ETL(152.90 + 10.58 MPa), DNC(146.09 =+
19.59 MPa) =02 =2 371k o] YErt
o} ASHA A3, TWC: ETLY DNCHoF 69
2> =3 ok,
e AR 8o ARG Fom A CR B8
7Fsdt =9 71A
(Table 2, Fig. 3).

P}

o
O\l
L
i
1t
o,

_c?j



M 8% U HF ol 3D

Table 2. Flexural strength values (mean * SD) of tested group (unit: MPa)

IPA TPM ETL TWC DNC
Mean Min/ Mean Min/ Mean Min/ Mean Min/ Mean Min/ P value
(SD) max (SD) max (SD) max (SD) max (SD) max
Di 138.18 124.24/ 151.59 13829/ 137.45 90.34/ 146.87 133.39/ 15038 131.44/ 012
P 011" 15351 (10260 16608 (19.48)* 16872 (7.85" 15463 (9.62) 16571 °
Ultra 15285 134.83/ 150.81 123.73/ 148.86 138.35/ 15439 123.73/ 153.16 140.43/ 812
(897F 161.68 (14.86) 16735 (546" 15565 (15.28* 172.09 (6.45) 162.07
Auto 15519 143.22/ 155.11 137.11/ 15290 124.73/ 168.77 158.69/ 146.09 115.39/ 008
U (8.03)™ 169.48 (11.85 171.72 (10.58)® 160.96 (8.18)"® 182.42 (19.59 168.93 -
P value <.001 717 .007 €001 489

Different lowercase letters in rows indicate significant differences (2 < .05). Different uppercase letters in
columns indicate significant differences (2 < .05). Dip; Dip washing, Ultra; Ultrasonic washing, Auto;
Automated washing, IPA; Isoprophy alcohol, TPM; Tripropylene glycol monomethyl ether, ETL; Ethanol,

TWC; Twin 3D cleaner, DNC; Dio navi cleaner.
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Fig. 3 Mean and standard deviation of washing
method of three experimental groups. Mean
values groups with different letters indicate
statistically significance at p < 0.05 level
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Fig. 4 Mean and standard deviation of washing
solvent of five experimental groups. Mean
values groups with different letters indicate
statistically significance at p < 0.05 level
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