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Abstract: In this study, commercial waterborne oligomers, polyurethane acrylate (PUA) and poly(ethylene glycol)
dimethacrylate (PEGDMA), were introduced to formulate waterborne resin for Digital Light Processing (DLP) 3D print-
ing. From the investigation of the mechanical properties of the printouts, it was confirmed that the resin including both
PUA and PEGDMA exhibited higher mechanical properties than a single oligomer resin. The residual resin on the surface
was completely removed by washing with water, and the size distribution and filtration effect of suspended matter in the
diluted resin were investigated to compare waste resins’ effect on water pollution. The suspended matter in the dilution
was reduced to less than one-third by filtering through a 0.45 pm filter. The waterborne resin that can be washed with
water and whose suspended matter in the waste is effectively removed by filtration is expected to contribute to the spread
of DLP 3D printing by reducing water pollution.

Keywords: digital light processing, 3D printing, waterborne resin, polyurethane acrylate, poly(ethylene glycol)
dimethacrylate.
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polyurethane acrylate(PUA) 715Fe] = AlHo] 7Fsst 4] &l
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gk 77 PUASH thbs ol 0| ES E8ato] #xl 24
=2 AZSAL, PUA 3 20 wi% #I1C=2 DLP 3D =
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25t AR A ofa g ol B AEA ol &
BE AoEA A gXole Ag 7hsdS gl o
tiEARe] 739 gt FEH AAY FRIT AR 2R
& o Ut} Shie 52 &8 7 PUAS DLP 4o
T ste] AZAE v FES] A&t ZEd
225 AFF v 521 20-50 MPaz Al 2HE v} Ql)
PU ¢ % poly(ethylene glycol) diacrylate(PEGDA) %+
poly(ethylene glycol) dimethacrylate(PEGDMA) 53+ 5~84
JiEALEA] 3D T "ol AgE o] gttt e ot st
ol=240] YR ZYste] A=e] EEEZEE 100 MPa
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Table 1. Summary of Resin Compositions
(unit: wt%)

Resin

name PUA PEGDMA  HBA BAPO TBT
Aql 50 - 49.336 0.5 0.164
Aq2 - 50 49.336 0.5 0.164
Aq3 25 25 49.336 0.5 0.164

Japan)©= 9 3T} Phenylbis(2,4,6-trimethyl benzoyl)
phosphine oxide(BAPO)$}  2,5-bis(5-tert-butyl-2-enzoxazoyl)-
thiophene(TBT)= TCI chemicals(Japan)ZF-E 3} ).

A B =ME HZ. A 7K A "R 2EES A
Zato] BIAESST Al 7] 24 &4 37HAIAIR] BAPO
o} B5AIR1 TBTO e ZH2F 0.5, 0.164 wi%= 243}
AL, AHA 2AEQ Aqle PUA, HBAS 1:1¢] 3|2
&3}, Aq2E PEGDMA, HBAE 1:19] A&H]|= T3, Aq3
& PUA, PEGDMA, HBAZ 1:1:2¢] Z#n| 2 &3}slo] A
ZEIA L °]E A4S Table 19 AH2lkiTh

DLP 3D = &. DLP 3D X2 E{(Wanhao, D7 plus,
China)®] UV 342 405 nmo|™, A&t B Qg =i =
HE] A &AL A F-EF AT E9]o](Chitubox, China)E A
slod AZSFATE oF 100 mLe] HX ZAAES vaol]l Wil &
3L, F7H 50 um, =334 7] 720 mW/em?, =3A1 7
1029] 2702 ZE39th HE 8952 A3 & 13
Bt UV Fgslo] nukg- ol mdeo|ES B 7lAIZiT

24, TH5A 5 A1 9 7] (universal testing machine, UTM,
AG-Xplus, Shimadzu, Japan)E ©|-835}>] & AZe] B
2, QPAE, AES SAsIITE S48 M52 ASTM
D638IV 142 =2k e = A=sISi) QPgAIES 5 mm/
min®] WMEEF 50 kNo| 2= ZANX JPsleh. 43
1070¢] MES 543t REHs, FIRIAAE, 2459
Bitaks otk AlF Flde] FA3) of7 g3 S 9
sl 7k @S 10008) #7] A& FHISke] UV-vis F5 2%
EH(UV-1900, Shimadzu, Japan)ys =43+ 3 0.45 pm A&
2] HE|(PTF-425-013, Biofil, China)2 oJ3}3}o] THA] UV-vis
T 2 ERS ST AlEY U FiEe YAt =27
2 2¥E =245 $151e] DLS Y= #417](ELS-Z2, Photal
Otsuka, Japan)E ©]-&3}5 T},

2y o =2

FA B 2PES Axs] S8l A PUASE 78
4] PEGDMAE =393, ZHzhe] -2+ Figure 1(a)2}
1(b)oll YERASITE. PUASH PEGDMAE L2 H &4 AL
oA HEE= 7H2F 5000 cpet 50 cpelth. DLP 3D ZE-S
flall #R1e] "= 5000 cp w]Rholofof &1L PUAS] H
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Figure 1. Chemical structures of acrylates used in this study: (a)
PUA; (b) PEGDMA,; (c) HBA.
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72 HBAS] $Hgo = thAlsiich. 0.1-0.3 wi%e] W 3
NAA F=oXE A8 A3t =R SAY wf§- EYst
Al 7gENom, 0.4 wikollA s 73t [ AA] T Figure
2(a)2t o] AAIgE FeE FAI8HA E3I3ATh. 0.5 wi%e] A
AA TR AAIS o MEe] FE7 AYHeRE
2 = A TH(Figure 2(b)). WA THAIAIS] FE= 0.5 wi%E
TAEN O, HBAY] FEE 49336 wt%= 43t}
HAskE PNAA = 21E o83t Al 7] T
2= Aql, AQ2, A3 & A|x3RL, 2t A TS
Table 19 YERNRITE 7} 24S HBA, BAPO, TBTS 717}

Figure 2. 3D printed UTM specimens for photoinitiator concentra-
tion of (a) 0.4 wt%; (b) 0.5 wt% and a specimen (c) before; (d) after
tensile test.
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Figure 3. Representative stress-strain curve for 3D printed speci-
mens: (a) Aql; (b) Ag2; (c) Aq3 resin.

49.336, 0.5, 0.164 wt% FHotal, Aqla Aq2+= HHA| 50
wt%2A 717 PUASF PEGDMAE $H-31H, Agq3E PUAS}
PEGDMAZ 717} 25 wt%® $higith. REsAI A E7]E o]
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Figure 4(a)llr= Al 714 #lX S8 &2 BEe|2 Htgk
S B)w3IIth. Aqlak Aq2E Figure 494 FALSE FAle] &
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Figure 4. Comparison of (a) modulus; (b) ultimate tensile strength;
(c) elongation at break of 3D printed specimens of Aql, Aq2, and
Aq3 resin.
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Figure 5. UV-vis absorption spectrum of the diluted solution of
Aql, Aq2, and Aq3 resin before and after filtration. Inset graph is
the result of the diluted solution of Aq2 shown at a larger scale.

o] g3l MAsIGTE 2AAE] BF 84 B SRS
TRER B AHRoR: 2HEY] ® =
AAHReH Hre] 7] &l AHe a2 51X LUt
2= AFe] RHES T4
ool gaflE #xe] G2 AEe] A7) P AFH 27w
2} ERg olE AFHoZ Hlwsl| 93 7t #xls =
10008 &3l F% gjadHe] UVwvis S5 SHEHS vwg
o zx o]Z thaleldth(Figure 5). 7FE & F42 YeRl
G2 Aq3e] A oI, 1 TR O R E& F-E YE
A gHe Aqle] S]A o]tk Aq2e] A AL StoR
Aol TR 5 2 EHE A9 0ol 77t A&
Zo YA 5 FEE Ag3, Aql, A2 502 =7
Yepdtt, o]5 g4 Yol EAlshe 552 271E 3
B JERATR At FRiEe] HtarE 46t
Ak FRE] A7 7R 34 JeRd #1312 Aql #ERKS
2] °F 450 nmA3L, Ag2 34 B Ag3 M f F-RE
o] Ha7]E 9F 290 nme} 330 nmSATH(Figure 6). HBAS}
PEGDMAE 84 Z2]2Ql WHH PUAE F4Hd 22
IMEA Fol BAFEY 5] SelEA] goerg BiE
Aol FhA9lo g zhg3it), 92l UVavis 55 23 EF
45 v AIES 045 ume] 352 zhs HEE oSt
T UV-vis 55 29 E-S SAo 24 34 f F-iE
o] AARHE FRISIE 600 nm IFL 7|FOo R 5 Al
718 HasiS o, F-E gAe] 2717 718 - Aqle
739 84% AL, 1 thre® A7 Y Aq3e] A
66% A5l th(Figure 5). Aqle F-f-= 2717} ¢F 450 nm
Rou = oo} fAlgE 719 TS Zhe ol o3l Hrt
B0 F 7yt o]Foj7]l o= HRIT o3} M| o]
E7F A9 00l 7Y Aq2 FIRe] S o3 & )
A YehA] & Zos Hol 93] ofatd Zog Hel
Ch(Figure 5 inset). 0.45 um 3=+ YETROZ AJF) ff K

2o T Ha 13 ostE Aads & g AL, ole
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Figure 6. Particle size distribution of the suspended matter in the
diluted solution of (a) Aql; (b) Aq2; (c) Ag3 resin.
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