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Abstract: Generally, solvent-type coatings generate a large amount of volatile organic chemicals(VOC), which
are carcinogenic substances, in the manufacturing process, and their use is regulated due to environmental
problems. There is also the problem of resource depletion due to limited fossil fuels. Therefore, in this study,
UV-curable urethane acrylate oligomers were synthesized with different contents of isosorbide, which is a
biomass material, and proceeded to evaluate the physical properties of coatings. As the isosorbide contents
increased, the viscosity, glass transition temperature, tensile strength, stain resistance, and pencil hardness
increased, but elongation and flexibility decreased, and BOI-3 showed the best adhesion. The isosorbide
content of the oligomer fixed at 20%, UV-curable urethane acrylate oligomer was synthesized according to the
content ratio of polycaprolactone diol(PCL) and Ecoprol H1000(Ecoprol). As the PCL/Ecoprol content ratio
increased, the glass transition temperature, elongation, and flexibility increased, but the tensile strength and
pencil hardness decreased. It was confirmed that the adhesion and stain resistance increased by improving the
surface bonding strength of PCL. All films of oligomers synthesized were transparent without discoloration.

Keywords: Urethane acrylate oligomer, Isosorbide, PCL, Photo-curable
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1. M 2

oldbz 6 & Z 2] 2| EH(Polyurethane, PU)o |+ B2}

of TAgle] SdE A9t 2ot U= LEA =

2 o, eEr A5k ol £A|op|o] E(N=C=0
o139t E2S(-OH =) Atol9] wh-g-of ofalf 4

Hrot Z9f-dg e A= Fel Aol 25 (Ty) 7 A2

AFol 3= A1 E(Hard segment)@} AF-2 0]3}F¢l &
WA =3

A ZZH E(Soft segment) 2 LA & o] QlE=d|, oA
g o] &7t Aolgt = 4o d&Ho R A
Qerng R 2 vAdS UEE 4= T 2]

HOAp 12 N 40 gl (kO ox fob Y ot
, < Jo

LS AlaEEL Aeold B4 Aazke] Aag
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nE JIWET} AAA R AAH AT} 9ol 4
Ade QAR HEolom g BREL whyS U
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390 GAE, AetrEy] 5 o9 chepat opoA
de] g3 9k

sgoldt BA9 BUS 54 2O ¢ o Yt
Ao n o, FARE MY 5 FAGOR B8
Hl 7123 we WA, Wekshy, A8
AR 714 Eel ]S Holst 7o) s
glof, A AT W FolAl BEH I k3]

Y Aol AHe, 719 Ad 3L Ao {71
Bl & 4lo] A xst=d 7H4 o] APt &40 ¢4

= Aol UANE HIIA] WY EAQL AU
713} E(Volatile Organic Compounds, VOC)Z Hlj &
shelA TEOS WASLR o7 o 9 AT el
EAE oA A A AAAH R FAE L = 4
golths]. ERt AHEE= A7 A, HAVkA 5 3

Table 1. Composition of UA oligomer

4 AR A0S FNo R sto] A4E7] tze] 874 ©
g BA WA U A 1L opr| ATk e
A E e BARE A7ED

o2 25k 9l3) 3hH AR BAL /MO R S

1=}

ko= A wgkstal glow, {7] EwjE ARE-SHA]
oot Mgt HolHA = o q 2] A3, BAHd A 59
ol 7HA AL Q&= A A9 B8 =Tt F7Het
I Qe FAIQlE, Ao s e ofadYolE
(Urethane acrylate, UA)”7} ) th6-8].

S ot o Ext gk #AF Wol e A%
(-NHCOO-)1} o}3 8 o] E7|(-OCOHC=CH,)E *F
7EA AL Qe SRtEs Webe, dRtd o Ee&y) o
ol Alol o] E, slo| =247 & EgHHE ot dd o]
EzfE A Et SAE oladeolEe) Ago
2 Qo) ALolA S8k, BokA HAolu hTA,
Yutm, 4ol $asteis S4o] 9o B
z Ao e 1 B4 28T 4 Aok Ao] 9l
of H2HA|, A-A, HA 5 ohde okl Rl
SHA o] &=L 3tk
A B Ao A= Hlo] @A &2 Q] isosorbide
S dYsto] fdE ofad ol EA &elaln
AU B R ST E URE T & Y
1,3-propanediol(1,3-PDO)& ©|&3}o] Z g = =
&2 A3 Ecoprol H1000 (Ecoprol)S ©]&3}% 2
, 7t 8] SFAFS 93 trimethylolpropane (TMP)S Ak
g3t AHs7IE Fofsileh AYA FA 3 WA
ol SEE ofad Y olE Se|aimE o] &) A=t
ZYA S A A isosorbide gFFol wE IZEH A =
B7Fe Atk EqE 2] 24]9] isosorbide oS Al )
A7), AES|A T2 E X} polycaprolactone diol
CL)¥ Ecoprol& H|&H=Z $AsIe] 2 whalo =
gAle] 24L HAsHC

o
—

<

e a lo

)

M= 2 ox K
0

Composition (eq ratio)

Sample PCL/Polyol
code PCL Ecoprol Isosorbide T™P IPDI 2-HEA
(eq %)
BOI-1 0 0.85 - 0 0.15 2 1
BOI-2 0 0.75 - 0.1 0.15 2 1
BOI-3 0 0.65 - 0.2 0.15 2 1
BOI-4 0 0.55 - 0.3 0.15 2 1
BOIL-1 0.065 0.585 10 0.2 0.15 2 1
BOIL-2 0.13 0.5 20 0.2 0.15 2 1
BOIL-3 0.195 0.455 30 0.2 0.15 2 1
BOIL-4 0.26 0.39 40 0.2 0.15 2 1
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Table 2. Composition of UA oligomer coatings.
Composition (g)
|
Sample ) Monomer Photo initiator
code Oligomer
IBOA HDDA TMPEOTA C-184 TPO
C-1 40 10 30 20 2.5 0.5
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Scheme 1. Synthesis of biomass-based UA oligomer.
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Table 3. Composition of UA oligomer coatings.

Classification of adhesion test

% of Residual area ASTM D Grade
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o135l what 2270 ecm™' 9] NCO ] =7} AFebA] AL 1620,
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g o|= Z3% U C-H out-of-plane bending®] 3| =27} &
ZrE AS st E=gk -y Adtof 9% N-H
73L& 3370 cm”, C=0 ¥ 3= 1720 em™”, C-NH ¥ 3=
1530 em™ o A WERHE Ao 2 Hol gHAo] T H o
2 AREHISS FAT & AT

(0= et Yt ol o|E &l E o] &
gt ZRHAY UV A3A L, (D)= UV A5 vErd
Zolth (c)oll A TEEY 1620, 1640 cm™ 2] C=C °]F
A 7 =27 (d)ollA] A AS F3l ol A dolE 11
9 C=C 20| EAHZE AT & Ao} 3
HE AR A ofmd o]F Ag U C-H out-of-plane
bending®] 810 cm™ T A7} FolE = AL &Qlsich

Table 4. Viscosity results of UA oligomer coatings.
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Figure 1. FT-IR spectra of (a) prepolymer of BOI-3, (b)
synthesized BOI-3 oligomer, (c) before UV irradiation and (d)
after UV irradiation.

3.1.2. EE
Table 4= isosorbide §+eFo] whel sHA e 221w 9}

isosorbide @] S 20% = 1Y A] 7] 3L PCLI} Ecoprol

of W && 10%3E] 40%7H 2 A PAT 22

I He 54 435 ekl Aot
Isosorbide gHFo] S/t Hies HAk 571

AFE ehpodsd, ARt B g o

dromz Adtgo] 21 7tudE45 f-54d0] Rot
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upEo] S7beHAl Hrk wEkA E2E&o dEel A4
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Sample Polyhydric alcohol composition (eq ratio) . .
- Viscosity (cP)

code PCL Ecoprol PCL/Polyol (eq %) Isosorbide T™P

BOI-1 0 0.85 - 0 0.15 11600
BOI-2 0 0.75 - 0.1 0.15 24800
BOI-3 0 0.65 - 0.2 0.15 88400
BOI-4 0 0.55 - 0.3 0.15 144400
BOIL-1 0.065 0.585 10 0.2 0.15 20400
BOIL-2 0.13 0.5 20 0.2 0.15 56400
BOIL-3 0.195 0.455 30 0.2 0.15 85600
BOIL-4 0.26 0.39 40 0.2 0.15 112000
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Figure 2. DSC results of UA oligomer according to isosorbide
contents.
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Figure 3. DSC results of UA oligomer according to
PCL/Ecoprol ratio.
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Figure 4. Stress strain curves of UA films according to
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Table 5. Mechanical properties of UA films.

Sample Max.stress Max.strain
code (kgi/em?) (%)
BOI-1 108.24 2.90
BOI-2 113.33 6.20
BOI-3 142.22 5.50
BOI-4 171.11 5.10
BOIL-1 86.67 1.25
BOIL-2 149.38 1.65
BOIL-3 96.84 4.35
BOIL-4 81.33 4.45
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Figure 5. Stress strain curves of UA films according to
PCL/Ecoprol ratio.
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Figure 6. Cross-cut and bending test results of UA films
according to isosorbide contents.
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Table 6. Stain resistance of UA films.

Figure 7. Cross-cut and bending test results of UA films
according to isosorbide contents.
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Stain resistance results

Sample code Gray level (Lv.) Picture
Coffee Soy sauce Ethanol (48%) Coffee Soy sauce Ethanol (48%)
BOI-1 2 5 5
BOI-2 2 5 5
BOI-3 3 5 5
BOI-4 4 5 5
BOIL-1 5 5 5
BOIL-2 5 5 5
BOIL-3 5 5 5
BOIL--4 5 5 5
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Figure 8. Pencil hardness results of UA films according to
isosorbide contents.
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Figure 10. Transparency of PU films.
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Figure 9. Pencil hardness results of UA films according to
PCL/Ecoprol ratio.
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Figure 11. Transmittance of PU films.
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