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In this study, TAPEH (t-amyl peroxy 2-ethyl hexanoate) was sedlected for the reaction initiator which is a core factor for
developing acrylic polyol binder. Tone M100 (caprolactone acrylate), 4HBA (4-hydroxy butyl acrylate), and 2HEMA
(2-hydroxy ethyl methacrylate) were used for hydroxy-monomers. To check the applicability of raw materials mentioned above
into the binders of 2 components acrylic polyurethane paint and reduce the VOC, the reactivity and film performance by
different kinds of aliphatic polyisocyanate hardeners which are aready generalized were reviewed. As the Tin-based catayst
has been regulated, the comparison test of reactivity and performance between the conventiona catalyst and non-toxic metal
catalyst recommended as the dternative was conducted as well. As a result, we were able to obtain the basic data which
are necessary for applying 2 components high solid polyurethane paint and aso reached a conclusion that it can be applied
for developing new paints in terms of high performance, workability and environmental care.
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Table 1. HDI-Isocyanurate Hardeners
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Viscosity

Oligomer distribution

NCO-content NCO- 0 Equivaent 5
Desmodur Type NV (%) o (mPas) g (%) X Ty (T)
(%) a 23 C functionality N <3 s 7 weight
N 3300 Stendard type, 218 3,000 F=35 ~50  >20 >30 193 -60
Solvent free
Z 4470 Standard type, zovioaiy 117 1,500 F=33 ~50 >20 >30 360 +60
Solution
N 3600 Low Viscosity, -y, 230 1,200 F=32 ~70 <20 <15 180 -60
for high solids
Reactivity of differentaliphatic polyisocyanate hardeners* HE=CH, CH,
Relatihve 99 7 e Dgrmindur + HyC=—CHCOOCH;CHC H, + Hy==¢ + H,C=—=CHCOOH
NCO-Content 24470
[%] 80 4 veee Desmodur CHy COOCH;CH,0N
N300
NN P sM EHA HEMA AAcid
60 +
50 +
H H; y H; g M g H
N {7 __(._(l._(._(l._[_(l_(%
=0 (=0 =0 "
» | | | |
r|: (|) OH
0 + (|'ll; 'i'“x
s NCO Dacraase HC—CyH CH,
Siltmasaasas  detected by | I
0+ . . . . IR Spectroscopy C,Hy OH

o 25 50 75 100 150 200 250 300
tima at room temparaturelh

* High Solids Clear Coat based on Desmohoen A VIP LS 2350-cured at 23°C/50% humiditv:NCO/OH=1:1

Figure 1. Reectivity of different diphatic polyisocyanate hardeners.

21, A2k U 2=

E Adtel] AFE-3F B -1 = styrene monomer (SM), acrylic acid
(A.A), 2-ethylhexyl acrylate (EHA), ethyl acrylate (EAM)< Junsei
Chemical Co.2] 17 A19kS Aol AFEFI T 2-hydroxy ethyl
methacrylate (HEMA, Aldrich Chemical Co.), 4-hydroxy butyl acrylate
(4HBA, Osaka Organic Chemica Co.), carprolactone acrylate (Tone
M100, Union Carbide Co.) 15 A19F& A3tk /WAIA &= t-amyl
peroxy 2-ethyl hexanoate (TAPEH, Atopina Chemicas Co.), t-butyl
peroxy benzoate (TBPB, Aldrich Chemical Co.)& AM&-3st3lar, 14
o] 5 AR a-methyl styrene dimer (AMSD, Goi Chemica Co.) 1%
AlkE ARSI EElolAloMdolE ZeEE]w = Table 13
Figure 1°] Y}EFJ HDI isocyanurate® Desmodur N-3300 (NCO% =
21.3), AA % 3s}o]&2] = HDI isocyanurate® N-3600 (NCO% =
23.4)7} isophrone isocyanurate E}Q] el 9tE] Eejo]iiloldlo] E

Scheme 1. Synthesis of HEMA modified acrylic polyol (A).
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Scheme 2. Synthesis of Tone M-100 modified acrylic polyol (B).

R Z-4470 (NCO% =11.9)= AHE-3H3ith QP AI= additive Til OF
(Bayer Co)E AH&3tlth AFEZXIAZ tin free A3 FHuil
K-KAT 4205 (Zirconium Chelate), K-KAT 348 (Bithmuth Complex,
King industry Co.))¥ DBTDL (Songwon chemica Co.)<& AH&-a+iTh.
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HO==(H
B CH,

H,C==CHCOOCHCHC,H, | no=—c + H,C=—=CHCOOH

CyHg COOCH yCH,OH
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Scheme 3. Synthesis of 4HBA modified acrylic polyol (C).
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CyHy r|:nor1|:(‘||:nn
SM EHA HEMA A.Acid
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—_— C——(—C—(—C—(—C
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Scheme 4. Synthesis of acrylic polyol 1106 (D).

UTy = WUTGI+W2ITR2+WI/T3+WA T+ - - -

% 14, Toe ddlek, Wik W2 52 2t Bxv o] Fako|th
S P°7]°ﬂ xylene, n-butyl acetate & ¥ i 95~100 CE %
23} styrene monomer (SM), acrylic acid (A.A), ethylhexyl acryl-
ate (EHA), butyl acrylate (BAM), hydroxy ethyl methacrylate
(HEMA), 4-hydroxy butyl acrylate (4HBA), caprolactone acrylate
(Tone M100)°] A9} Fd7NAIAI= t-amyl peroxy 2-ethyl hex-
anoate (TAPEH), t-butyl peroxy 2-ethyl hexanoate (TBPEH, Atopina
Chemicals), «, a'-azobisisobutyronitrile (AIBN, Junsei Chemica Co.)
<, A3 o] TAZE a-methyl styrene dimer (AMSD)E ¥ &%
HNe 3 h F Asteta, x7] HAIAL] 5%21 t-butyl peroxy ben-
zoate (TBPB)E 1 h el 713t #, 3~4 h ¥-3A1A o)z 58
AE U 7 FAE T #®h3 FOX @‘9& Aikgt o] 242
Ty #4530 C9} 40 ColA HEE FAFeHA wighS At
FA Y LHE-L 60~70 winE 3F9] xylene/n-butyl acetate = 8/22]
&2 A A, A4, AL 18R 59 7IREY 57
4 GPC: ¥ A=Y F3ET BA%E 54381313, DSC
2 EZTE T8 PD #H& 5% sho] Table 20 LERISIT) Figure
29] FTIR 4 Ao ¢} 7Fo] 1730 cm™ F-LollA] oA 29
C=0, 1240 cm™*¥} 1170 cm™ oA of=Heo] 2] C-O-, 2940
e F-£ol 4 CHs, 1450 cm™ F-£oll 4] -CHy- 4! 3500 cm™ o]

SY=tst,
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Table 2. Characteristic of Various Polyols

Resin H EI.VI.A Tone M 100 4H BA Acrylic
modified modified Modified Polyol
Test acrylic acrylic Acrylic 1106
polyol (A) polyol (B) polyal (C) {60%, (D)}
OH% (Solution) 20 20 20 24
(#\gsc;%st)é) Y- V-W X-Y U-v
Color (#G) 10 | 10 | 10 | 10 |
AV 6.26 6.43 249 5.28
NV (%) 69.6 68.5 69.4 60.5
Mn 1934 2211 2128 1458
Mw 4385 7053 5298 5676
PD 258 319 248 381
Ty (C) 30 -9.11 10.81 3241
100 -

Transmittance(%)

20 { ———  (A) HEMA Modified Acryic Polyol
e (B) M-100 Modified Acrylic Polyol §
—————— (C) 4-HBA Modified Acrylic Polyol -

o — i (D) Acrylic polyol 1106

4000 3200 2400 1600 800

Wavenumber (cm™)

Figure 2. FTIR spectra of synthesis various resins.
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3.1. Gel Timed| 23t HISSE
Rheometer 2 A F A E G &4 @4 E G'E =4 G
£ Aol ofF W s Yehoirt A7t Skl w
o

31 4 pot lifeg} ¥-2v}. Tables 3~63 Figures 3~7914 &
Rheometer >0l wg} 543t Ay} slol&e|= ofad £,
o)A AloH|o]E 4l FXA| Fiel whE AspAITE 257

AzA|Zro] Folxt), weElA AZAIZF 325 Arrenius
equatione]l 2 -§-3te] 7Rkl 9o &3t oA 712 b

dp/dt = k.f(p) @
k= Ae™ @)
dp/f(p) = A€t ®)
Inte = [In{ J * dp/f(p)}-INA]+EJ/RT 4

Gd pointell A 2] AspgS 29 Fasta, e ghE Zdete
Agdstel oel 4 (4= vt Zol west ®

tH15-19].
Inte = E/RT+C (5)
E. = crosdinking activation energy
te = gel time
R = gas constant
T = cure temperature (K)
C = constant
p = reaction extent
pc = reaction extent a the gel point
k = rate constant

sl oAlUA= 24 (5)F o831 Figures 5~79 YERS ge
time?} A3 &% T2 7| &V & Jtu 843 YA EE T
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Table 3. Gel Time of Various Acrylic Polyols with Desmodur N-3600
Test items Reaction

Gel time
temperature ©
Resin and Hardener (0)
60 2048
HEMA modified
acrylic polyol (A) 8 562
100 195
60 1004
Tone M100 modified 80 274
acrylic polyol (B)
_ POIyat 100 100
isocyanate
"N 3500 60 1204
4HBA modified 80 351
acrylic palyal (C)
100 150
60 1623
Acrylic polyol 1106
(60%, (D)} 80 477
100 165

Table 4. Gel Time of 4HBA Modified Acrylic Polyal (C) with
Various Poly Isocyanates

Test items Reaction

Ge time

temperature ©

Hardener and Resin (C)
60 1075
Poly isocyanate N-3300 80 353
100 130

4HBA
modified 60 1204
Poly isocyanate N-3600 acrylic 80 351
polyal 100 150
©

60 2205
Poly isocyanate Z-4470 80 741
100 346

Table 5. Gd Time of 4-HBA Modified Acrylic Polyol (C) with
Desmodur N-3600 a Various Metal Catalysts

Test items Reaction )
Ge time

temperature ®

Catalysts, Resin ad Hardener (C)
60 1085
0.02% K-AT4205 80 330
100 125

4HBA
modified  Poly 60 1080
0.02% K-KAT348 acrylic isocyanate 80 332
polyal N-3600 100 148
©

60 923
0.02% DBTDL 80 325
100 115

o

A3}E Tables 7~80] LrERS=T] A B8 ol A7E
W kg

o] B mh=rka @ 4 9luk.
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Table 6. Gel Time of Acrylic Polyol 1106 (D) with Poly Isocyanate
N-3600 at Various Meta Cataysts

Test items Reaction .
Gel time
temperature ©
Catalysts, Resin and Hardener (C)

60 1882

0.02% K-KAT4205 80 569
100 186
Acrylic polyol Poly 60 254

0.02% K-KAT348 1106 (60%) isocyanate 80 487
(D) N-3600 100 188

60 908

0.02% DBTDL 80 318
100 127

10%

(C) 4-HBA Modified Acrylic Polyol , N3600,60 C ,80 T
104 A

10° 4
107 4
10° 1

100

—0— Storage Modulus (60T)
<@ Loss Modulus (60T)
—%— Storage Modulus (80T)
% Loss Modulus (BOC)

0 200 400 600 800 1000 1200 1400 1600

Time (sec)
Figure 3. The variation of storage modulus and loss modulus a 1.5

Hz ploted against various curing temperatures for 4HBA modified
acrylic polyol (C) with desmodur N-3600.

(C) 4-HBA Modified Acrylic Polyol , 60 'C

104 4
100 4
107
—0— G
& G 10" 4
—a— G
& G g0
—0— G
& G 4914

—0— Storage Modulus (N3600)
®-- Loss Modulus (N3800)
—a— Storage Modulus (N3300)
& Loss Modulus (N3300)
—&— Storage Modulus (Z4470)
# - Loss Modulus (Z4470)

[I) 2II}EI 4E;D SI;G Bd;ICI 10‘00 12‘00 14‘00 16‘00 1&‘00 2000
Time (sec)

Figure 4. The variation of storage modulus and loss modulus at 1.5

Hz ploted against various isocyanates for 4HBA modified acrylic

polyol (C) with desmodur N3600 a 60 C.
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6.5
2
6.0
5.5 4 -
R ® (A) HEMA Modified Acrylic Polyol
s0d B ©  (B) M-100 Modified Acrylic Polyol
Q. ¥ (C)4-HBA Modified Acrylic Polyol
v (D) Acrylic polyol 1106
4.5 T T

265 270 2.I?S 2.;30 285 2.IQD 2.;}5 3.60 3.05
1T (107°K)
Figure 5. Plots of gel time and curing temperature for various acrylic
polyols with desmodur N-3600.

8.0

7.5 4
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5.5 -

504 0~ ® (C)N3300
O (C)N3600
v (C)Z4470

45 v y r r ' ’ ’

265 270 275 280 285 290 295 300 305

1T (10°K)
Figure 6. Plots of gel time and curing temperature for 4HBA modified
acrylic polyol (C) with various isocyanates.

7.5
7.0 4
6.5
£ 6.0+
55
504 g ® (C)0.02% K-KAT 4205
v O (C)0.02% K-KAT 348
v (C)0.02% DBTOL
45 . . . . : . .
2.65 270 2.75 2.80 2.85 2.80 295 3.00 3.05

UT (107K)

Figure 7. Plots of ge time and curing temperature for reaction of
4HBA modified acrylic polyol (C) and desmodur N-3600 at various
metal catalysts.
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80°C, 30 min, N3600 —_— (&)

Tan delta

0 20 40 60 80 100 120
Temperature(T)

Figure 8. Tan delta and Ty of cured urethane film with various polyols
and desmodur N-3600 at 80 T for 30 min.

. (C) 4-HBA Modified Acrylic Polyol , N3600 , 80 C
—— (C)N3600
- (C) N3300
——— (C)Z4470
=
o
-
&
r—
\\k‘.'
...... Ty
0 50 100 150

Temperature(TC)

Figure 9. Tan ddlta and Ty of cured urethane film with various polyols
and desmodur N-3600 a 80 T for 30 min.

b EAE F2I) Bt dste] BApA9] Mgl AAIET] wEel
Figures 8, 9¢]l YFEld 213} o] tand gho] ZrobA|aL Ty7h oA
o, 7t e 27 MY Ae5SE tand ol A
T RolAE g ¥ 4tk wEbA tane #hel FAE
Tt 255 wkso] 9 e Ags vty & 5 glod, o] 7
52 Tables 7~991 UERfIE

3 Figures 10,1191 DMA® =7 z:s} Aaa s Yehygl
o} o714 49 7l & storage modulus 23 o=
25, S AFAYE (Gl F55 %41 & 4= ok

33 7Ax 2=

zuko] 71414 ZFEE impact resistance®} DMAE A % tan o
I Ty 362 vlws) 2 A3E Tables 7~90] Vel 7t 7}
EA &2 Bt Ztu S SHEel whEt '] Srkste]
S A A8yt E2-&2] F5 impact resistances shol&
g = EZolAaAoo]E Z3}A] N-36007 N-3300 AFg-8F 712
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Table 7. Test Results of Physica Property in Coating with Various Acryli

A5 -

ukz)

R

3]

pul

¢ Polyols and Desmodur N-3600

Rheometer measurement

DMA measurement

Items
Ge time Ty tan ¢ Impact resistance
PadntH d Temperature T Int Activation energy 80 C 100 C 80 C 100 C (80 C x 1h)
and Rardener (10° K) ° (KImol) x05h x05h x05h x05h
3.00 7.6247
:oi'i\?iAed 53.39 62.68 12"
acrvic balvol 2.83 6.3665 61.10 AT, AT, 1018 1147 x 1,000 g
Tyic paly = 440 = 5329 x 50 cm
(A) 2.68 5.2730
3.00 6.9117
T‘r’]:‘sdi'}’i';doo 4511 5250 12"
acrviic polvol 2.83 5.6131 53.12 AT, AT, 0.992 1.276 x 1,000 g
TYIE poly! =650 =7239 x 50 cm
(B) N 3600 2.68 4.8675
3.00 7.0934
n:‘;ﬁgd 5221 58.37 172"
acric pojvdl 2.83 5.8608 54.11 AT, AT, 0.877 1121 x 1,000 g
ylic poly =570 =620 x 50 cm
© 2.68 5.0106
Acrylic 3.00 7.3920 6503 6868 2
polyol 1106 2.83 6.1675 50.39 AT, AT, 1121 0.879 x 1,000 g
(60%) (D) 268 5.1060 =570 =610 x 50 cm

Table 8. Test Results of Physica Property in Coating with 4HBA Modified Acrylic Polyol (C) and Various Isocyanates

Rheometer measurement

DMA measurement

Items
Gel time Activation Ty tan 6 Impact resistance
Hardener Temperature /T energy 80C 10C 8 C 10 c (B Tx1h
and Paint (10° K) Intc (K¥mol)  x05h x05h x05h  xO05h
3.00 6.9800 U2
N-3300 2.83 5.8665 54.88 4886  5L62 0929 0961 x1,000 g
e 2,68 4.8675 x30 cm
modified 3.00 7.0934 vz
N-3600 acrylic 2,83 5.8608 5411 5221 5837 0.878 1121 x1,000 g
polyol 268 50106 x50 cm
© 3.00 7.6985 U
Z-4470 2.83 6.6080 56.92 7924 7680 0.902 0971 x1,000 g
2,68 55053 x30 cm
WS4 B Etel Byo] Selelt AREES B0, T EE 35 OEAE Al
isophrone isocyanurate EFS] 74 34| Z-44703} ®E-5-% acrylic polyol ADAE Aol tjst A3 Table 10014+ YERSITE A3t
1106 (D) 2 HEMA modified acrylic polyol (A)2] 41L& k%5 &4 Al 2-44707} WEE3 EFRSES AT EE HE Ushy, 4 3HA)
okokut. 1311% 7t e EAbo]l & R <l Tone M1003} N-36003} N-33003 Wkt Z¥]&2 acrylic polyol 1106 (D) >

4HBAEZ HH3-AZL stol&e] = ofad el & VA =70l &
otoict.
34. W SHld

Table 102 =ute] WgA/d o dist 475 Yehglct A84
3} yh-&-Ajo] WolZ acrylic polyol 1106 (D)3 7 344 Z-4470< A
9star, A= WEAEE BF 48 2 0F eyttt o)
&9 REgo] st F3 ul VA|A 2Ao] g Bk
FPoZ YgAdel ¢ttt
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4HBA modified acrylic polyol (C) > Tone M100 modified acrylic
polyal (B) > HEMA modified acrylic polyol (A)s=O.2 UrE}LkD}. Sl

AAEE slol&e s Z81g @4 A g w7 2 jkeA
o] 43t A3hA 9 3}sha] 2Ao] Ato]|FY ES] F&ol &
S FE =4 Yo

36 ZEH AY

Tuko] Bel 24 A3 Table 100] YERSTE 25 95% o] A
o7 943 FES el



T

na)

4HBA WA slol&lt ofad felld =89 nhe

o2
i

=4 AT 59

Table 9. Test Results of Physical Property in Coating with 4HBA Modified Acrylic Polyol (C) and N-3600 at Various Metal Catalysts

ltems Rheometer measurement DMA measurement
Gel time Activation Ty tan & Impact resistance
3 - - o 80 C x h)
. Temperature 1T energy g0 C 10C 80 C 100C
Catelysts and Paint 10°K) Inte (K¥mol)  x05h x05h x05h xO05h

0.02% 3.00 6.9893 12"
K-KAT 2.83 5.7991 51.99 56.47 66.30 1.168 1.155 x1,000 g
4205 268 4.9836 x50 cm

4HBA N

0.02% modified 3.00 6.9836 vz
K-KAT acrylic 3 2.83 5.8051 51.52 60.78 64.75 1134 1.180 x1,000 g
348 polyol 6 268 5.0003 x50 cm

© 0 - -
0 3.00 6.6276 12"
0.02%

DBTDL 2.83 5.7838 48.92 52.16 68.20 0.915 1.248 x1,000 g
2.68 4.7449 x50 cm

Table 10. Test Results of Chemical and Physica Property in Coating with Various Acrylic Polyols and Isocyanates (Contained 0.02% DBTDL
in Acrylic Polyol)

ltems QUV Test (144 h)

Hardness Adhesion . Alkdi Sat Spray
Polyol /Solvent %Oof property /?185% rgﬂs;ar;](;e /Acid resistance /Water resistance
and Hardener (100 times) (2 mm) JE (24 h, Gloss reduce) 240 h
(A) F/Pass 101.3 100/100 21.2/45 3.4/55 192 h
' - T /Gloss not defect
(B) HB/Pass 101.2 100/100 20.2/2.9 4.2/4.2 168 h
’ - - / Gloss not defect
N 3600 216 h
© H/Pass 101.0 100/100 21.4/3.7 0.3/33 / Gloss not defect
©) HiPass 9.1 100100 216133 20130 216 h
’ T T / Gloss not defect
(A) H/Pass 98.8 100/100 20.8/4.8 3.826 192 h
' - o / Gloss not defect
(B) H/Pass 9.3 100/100 20.6/2.9 6.5/1.7 168 h
’ R o / Gloss not defect
N 216 h
© H/Pass 98.0 100/100 21.6/35 7.0/1.2 / Gloss not defect
(D) H/Pass 100.0 100/100 15.7/3.2 4.8/6.8 216 h
’ T - / Gloss not defect
(A) H/Pass 100.8 100/100 217137 4523 168 h
' o - / Gloss not defect
(B) H/Pass 100.2 100/100 20.3/3.0 7.1/32 198 h
’ - T / Gloss not defect
Z 4470 204 h
© H/Pass 9.8 100/100 22.2/31 49/0.4 / Gloss not defect
©) H/No pass 995 100100 15.7/2.9 5855 200 h
’ T T / Gloss not defect
37, BEE A3 38. I UF=Y A
wrbe] pake) AP sk Table 100 e gk BE Eo8 wuke] 1 54 AR Table 100] teh . 84
o] FHUR Fato] 95 Y OE] sk e F Ty S7F Fo) & N-33003% acrylic polyol 1106 (D)o] HHE-9h mEsF FA o] ozt
73 8kA Z-4470% WHEAIZ ZHR2 acrylic polyol 1106 (D)l E‘r% SR o, sto]&Y = oA £2E FA(A, B, OF AR
Felgur) 32t ol T, 271 %ol Adow woie 4 ERE9 WAL A9 fASAT,

T,
A= As Zdshzdl (D) 7419 T
7] wlEol .
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Figure 10. Storage Modulus of cured urethane film with 4HBA modified
acrylic polyol (C) and desmodur N-3600 as curing temperature.
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Figure 11. Storage modulus of cured urethane film reection with 4HBA
modified acrylic polyol (C) and desmodur N-3600 a various meta
caadysts.
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