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Abstract: A novel polymer binder with excellent mechanical properties was synthesized by blending polymethyl meth-
acrylate (PMMA) and urethane acrylate (UA). As a result of comparing the mechanical properties according to the type
and content ratio of polyol, it was confirmed that shear adhesion and transmittance were improved when 5 wt% of UA
was mixed. The cross-linking point and amorphous region increased through the mixing of PMMA and UA. As a result
of spectrophotometer (UV-vis) measurement, the transmittance increased to 94% in the visible ray region of 370 nm. In
addition, through universal testing machine (UTM) measurement it was confirmed that the tensile strength increased by
30% and the elongation by 16% at the UA content of 5 wt%. The application of UA is expected to be a promising tech-
nology to be applied to the field of transparent binders for road marking in the future.

Keywords: urethane acrylate, multifunctional urethane acrylate, polymeric binder, high transmittance, adhesive.
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Mgt R ME. UAS Hdsi]lel ZeolH= E2&(PPG
M,;=1000 g/mol, Merck KGaA, Darmstadt, Germany), (PEG,
M=1000 g/mol, Merck KGaA, Darmstadt, Germany), (PTMG
M,=1000 g/mol, Merck KGaA, Darmstadt, Germany)2- A&
S0 AREY 9] o)A oR|o] E(HDI, M,=168.2 g/mol,
Tokyo Chemical Industry Co., Ltd., Tokyo, Japan)S A&
sglom, olaer)e] 4% B slol=sA] $2E e
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Chemical Industry Co., Ltd., Tokyo, Japan)E A}-&3} T}
FAAA NN ZoAE FAEE EF71918 3|4 A (MMA,
M,=100.121 g/mol, Merck KGaA, Darmstadt, Germany)<}
RS AI7F 2488 913 Zull(Dibutyltin dilaurate, M,=631.56 g/
mol, Merck KGaA, Darmstadt, Germany)E AF&-3}53th. v}
QIt}E =193l polymethyl methacrylate(PMMA, M,=28000,
Jungseok Chemical Co., Ltd., Korea)?} UAS &30
vRRIE] &4 #gollx] Fuliel 7HAIA] NN-Bis(2-hydroxyethyl)-
paratoluidine(PTE, M,=195.26 g/mol, Jungseok Chemical Co.,
Ltd., Korea) and Benzoyl peroxide(BPO, M,=242.23 g/mol,
Jungseok Chemical Co., Ltd., Korea)ys AF&-3}53 T},
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Figure 1. Synthesis process of urethane acrylate mixed with
PMMA to form a polymer binder.
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Table 1. Composition of PMMA-urethane Acrylate with Different
Polyol Types

Materials Contents (wt%)
PMMA 89 84 79 74 69

2-HEMA 10 10 10 10 10

Base acrylate

Acrylate Urethane 0 5 10 15 20
Catalyst PTE 1 1 1 1 1
initiator BPO 2 2 2 2 2
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Figure 2. FTIR analysis of urethane acrylate immediately after
completion of synthesis.
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Figure 3. Molecular weight of urethane acrylate synthesized using
di-polyol.

Table 2. Molecular Weights and Polydispersity Index (PDI) of
the Urethane Acrylate

M, M, PDI
PMMA-PPG-UA 7780 15152 1.95
PMMA-PEG-UA 7053 12904 1.90
PMMA-PTMG-UA 7874 15434 2.00
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Figure 4. Gel fraction of urethane acrylate polymer binder accord-
ing to polyol type.
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Figure 5. Analysis of water contact angle according to the type and
content of acrylic.
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Figure 6. UV-vis transmittance analysis of urethane acrylic polymer
binder.
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Figure 7. Tensile strength characteristics of polymer binder com-
posites with UA based on (a) PPG; (b) PEG; (c) PTMG.
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Table 3. Transmittance and Tensile Strength of Urethane Acrylate against Difference Polyol Types

UV-vis transmittance (%) / Tensile strength (Mpa)

0 wt% 5 wt% 10 wt% 15 wt% 20 wt%
PMMA-PPG-UA 88.7/17.1 94.6 / 10.1 88.7 /9.8 83.8 /8.8 81.8/7.8
PMMA-PEG-UA 88.7/17.1 862 /52 793 /4.5 63.1 /4.1 555/39
PMMA-PTMG-UA 88.7/17.1 89.5/3.5 87.3/43 82.7/3.9 80.6 / 3.8
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