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A. A; acrylic acid

Ad.A; adipic acid

ASTM,; American Society for Testing and Materials
BAM; butyl acrylate

BPO; benzoyl peroxide

CED; Cathodic Electro Deposition

COCOFA; coconut fatty acid

DBTDL; dibutyl tin dilaurate

DMA; Dynamic Mechanical Analysis

DSC; Differential Scanning Calorimeter

EAM; ethyl acrylate

EHA; ethylhexyl acrylate

EIS; Electrochemical Impedance Spectroscopy
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HBA; hydroxy buthyl acrylate

HD; hexandiol

HDI; hexamethylene di—Isocyanate

HEA; hydroxy ethyl acrylate

HEMA; hydroxy ethyl methacrylate
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MAn; maleic anhydride

MMA; methyl methacrylate

Mn; number averaged molecular weight
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NTS; Norwegian Technology Standards Institution
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Table I —1. World Consumption in 2005 of Coating Raw Materials
by Product Type (Value)

Product Type Market Share Remark
Alkyd resins / Oil free polyester 25.0
Amino / Phenolic resins 8.0
Nitrocellulose %40}
Polyurethanes 18.0 Solvent base
Unsaturated polyester 200
Powder coating resins 9.0
Waterborne coating resins 12.0 incl. CED
UV —curing resins %
Epoxy resins 9.0
Acrylic resins 5.0
Others 8.0
Total 100.0

* Literature: Polyurethanes Coatings, Adhesives and Sealants,

by Ulrich Meier - Westhues, EU Coatings Tech Files, 2008.



Table I —2.Production Transition of The Paint within The Country

(Domestic) (Unit: kb)
T 7 2001 2002 2003 2004 2005 2006 2007
#2471
18,653 15,493 14,505 14,050 12,638 12,852 16,465
Z3 0 E
Z3bd 29 | 21,070 22,921 20,377 19,852 16,198 16,330 15,879
st7) = el ipul
33,569 34,116 32,746 38,687 37,566 42,421 33,603
LIRSk
w9l E 19,592 20,901 20,378 14,446 13,421 13,420 15,186
ov] oty =
14,243 14,567 13,306 17,968 16,060 16,489 17,249
=
AR 6,521 5,632 5,651 6,001 5,849 5,448 7,296
ZEANALR | 52,190 59,874 74,573 90,634 80,612 103,854 126,120
ola™AER | 42,768 45,027 56,577 = 58,754 57,551 61,484 59,091
cHYeAES | 60,781 64,157 77,665 89,718 80,985 91,856 101,451
A3 FA
7,292 6,831 6,117 6,453 5,319 7,018 8,007
=
X 31E 2
35,996 37,415 - 37,837 . 37,334 39,282 39,427 43,205
AHEAES
HAAEE | 89,751 109,887 89,028 101,865 81,320 100,401 100,962
T35
31,638 12,773 36,456 42,544 38,480 25616 25,965
=
2AAAEE | 10,804 10,405 14,447 15,595 15,001 17,530 20,017
2AER 16,481 18,789 34,106 37,088 35,001 35,109 35,135
A 119,782 109,717 115,008 118,656 103,592 107,145 114,626
e =8 208,251 195,762 206,783 230,318 212,583 223,808 248,267
7 789,382 784,267 855,560 939,963 851,458 920,208 988,524

* Data from Paint and Inks, 2002~2008 spring print.
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Curing Process
Oxidation of double bonds
Reaction with moisture
Thermal unblocking
Reaction with moisture
NCO + OH reaction

F59

=22 o]y
Category
Oil modified urethanes
Moisture cure urethanes
Blocked urethanes
Prepolymer plus catalyst
2 component urethanes

ASTM

Table I —3. ASTM Category of Polyurethane Paint
Classification
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DSC, DMA, Rheometer 52 EX7|7|= 3
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2dy FHE EY-5EE (Polyurethane) E5+ A3 = AT 38t
Aol oa] 3xd TS IAEA "ok E=E o] F

A7 ol Atz 3 5sk= Ado] Astttar dEA UvH(1].
53], d7taAd =8 All Hlwstel WEoly Ao tid Aol F
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ZHoAHE E8 &, ZYaHE B4 of5d EgE 2 oflad¥ &
To® WHska vt

Z8 29 W3 E S EFAIZ|Y AE AT oA dFe wow
A7IS A= =55 W30 AT 7] fAET s|=EA7)
A AxFA T AAREA a5 I Axel wE ZEkddh
g F7] FACAM o]F Y A (heteroelement) = FA o] EA51A]
kA NE alkyl T oxygenated group¥ TS HAAFA 7} S| E=A]7] 9
LA ATH W Eold A Ast mdE 7T 20TeA WEEsS
o] aAlotdlo] EgL theFst OHZ| 9 HE-§-/AdS secondary OHZ]7F 10]%l<

=

W primary OH”] %7} 2~4#8] wh=w tertiary OHZ|7}F 0.01,
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AEE &4 744 5A4S S 7S A4 B4 dAE
AR T3t Fo]go Ax, SI=FAY] g, A W &AE sYsH
st FHE &4l FREER AYe FUAY A #AdHeAE
A =4 & Hs FAY T, @ T3¢ FAFMn) 3 FZFE
TAFF(Mw) & S48t polydispersity #t= Fetith. 183 S
Astzure]l o4 A4S (Log Damp, tand)ak, cycle time 3ol 2%t
A3t %, A3t Ty, loss modulus %2 storage modulus 3t 574819
298 fUREsl AstEg TMRARE 54 2 s § 34
AR S SHst] AT ol&g EmAlxe] ALstol =89 4
M ol dedom 88 7 UAERF 7] Aol [1~4].

2.2 4§

7. Aok

7= ZEeH EPodAHE s 2 EZPdAHE WA olad
ZEe FAY el AHEE 8=, Table I-17 2o yebd 23
2t} coconut fatty acid (COCOFA), phthalic anhydride (PAn), maleic
anhyride (MAn), terephthalic acid (TPA), isophthlic acid, adipic
acid(Ad. A) & AFE3Sla, B7Fd= 2%  trimethylol propane (TMP),
pentaerithritol (PENTA), neopentyl glycol (NPG), 1,6—hexandiol
(1,6—HD)& A $lo] AFEsk3Att. Polyester W1/doF= ¥ polyol 54
9 acrylic polyol5 A8 el AFE¥l 5+ Table T-3% 49 W&
% styrene monomer(SM), methyl methacrylate(MMA), acrylic
acid (A.A), methacrylic acid(MA.A), ethylhexyl acrylate (EHA), butyl
acrylate (BAM), ethyl acrylate (EAM) £} hydroxy ethyl acrylate (HEA),
hydroxy ethyl methacrylate (HEMA) & AFE3I AL, SEMAIAZE t—
butyl perbenzoate (TBPB)3¥} benzoyl peroxide (BPO), £4#|+= Table
-5 o429 xylene, n—butyl acetateS A}&-3F31t}.

73 3kA| polyisocyanate prepolymert HDI trimer (Scheme II-—1)
T%% TDI adduct (Scheme II—2) 3}3HE (Desmodur N—-3300,
NCO % = 21.6, Desmodur L=75 NCO % = 13.5)& A&3kolon,
A3l AW ZElo]aAloldlolEe] DBTDL (dibutyl tin dilaurate),
Wk o] AAjol Ylo]EAY] AREE = ofWlA] FHull= Desmorapid PP
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(tertiary amine) & AFE 3Fa, FHER AlFx Alde AXA BYK
0659} EH x4 BYK 358% AHE-3Fich
Table I—1. The Main Types of Oils and Polyols for Polyurethane
Coating
) Boiling
Types of Chemical Equivalent )
) Mw Phase point
oils and polyols formula weight )
(C)
Castor oil RCOOR" 310.0 310.0 Liquid -
Coconut oil fat acid RCOOH 210.0 210.0 Liquid -
Di propylene glycol = (CH3;CH(OH)CH,) .0 Ol 1 134.2 Liquid 230.0
Trimetylol ethane CH5C(CH,0H) 5 40.1 80.2 Solid -
Pentaerythritol C (CH,0H) 4 34.0 68.0 Solid -
Trimetylol propane CH;CH, (CH,0H) 5 7 g 134.1  Solid -
Glycerol HOCH,CHOHCH,0OH 30.7 61.4 Liquid 290.0
Ethylene glycol HO (CH,) ,0H 31.0 62.0  Liquid 198.0
Propylene glycol HC3;CH(OH)CH,0OH 38.1 76.2  Liquid 187.0
Neopentyl glycol (HOCHs) ,C(CHs3) » 52.1 104.2  Solid -

14



Table II—2. The Main Types of Poly Acids for Polyurethane Coating

Boiling
Types of Chemical Equivalent _
) Mw Phase point
poly acids formula weight )
(C)
o
Adipic acid HM o 73.1 146.1  Solid -
o
Fumaric acid Ho)l\/\H/OH 58.0 116.0 Solid -
Isophthalic .
) HO oH 83.1 166.2 Solid -
acid
Maleic =
} o 49.0 98.0 Solid 200.0
anhydride s o
Phthalic )
_ o 74.1 148.2 Solid 284.0
anhydride
o
O
Succinic acid Ho)‘\/\”/OH 59.0 118.0 Solid 235.0

15



Table II—3. The Main Types of Monomers for Acrylic Polyol
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Monomers |T,(C)[ SP Mw Monomers T,(C)| SP [ Mw
Styrene | 100 | 9.35 | 104 HEMA 55 | 9.90 | 130
MMA | 105 | 9.23 | 100 HEA —-60 [10.62| 116

.| EMA | 65 | 830 | 114 ?3 HPMA 76 | 9.7 | 144

§ n—-BMA | 20 | 8.25 | 142 HPA —-60 | 9.90 | 130

i) I-BMA | 53 | 8.15 | 142 Tone—100 | -37 | — | 344

g t—BMA | 107 | 8.05 | 142 AAm 165 | 12.0 | 71

= AN 97 |1056| 53 © MAAmM 197 | 11.7 | 85

£ N-MAM | 100 | 11.0 | 101

MAN | 120 |10.20| 67
N-MAM-BE| 0 | 9.50 | 157
MA 10 | 9.38/| 86 /o\ GA —-10 | 8.60 | 128
EA | -24| 881 | 100 |€FC GMA 46 | 8.30 | 142

. | n~BA | -54| 863 [ 128 DMAEMA | 19 |10.60| 177

é i-BA | —22 | 850 | 128 ;é) DEAEMA [16-24]10.50 | 185

i) t—-BA | 43 | 837 | 128 t—-BAEMA | 33 [10.30| 185

f 2-EHA | -85 | 7.87 | 184 VT 101 | 9.10 | 118

Z 2-EHMA| —10 | 7.85 | 198 «—MeST | 168 | 9.11 | 118

% VAc 32 | 9.05 | 86.1
(SLMA | —=65 | 7.80 | 254 z
S VCl 81 | 7.80 | 62.5
= | AAc | 106 |12.89| 72 Cardur—MA | —10 | 856 | -
E? MAAc | 185 [13.11| 86 AAEM 7 - 2142
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Table II—4. The Main Types of Initiators for Acrylic Polyol

Types of initiators

Half—life
period (hr)

Activation
energy

(kcal / mol)

Remark

Benzoyl peroxide 74C | 10.0 31.1 Powder phase
di—t—Butyl peroxide 124TC | 10.0 37.3 -
Cumene hydroperoxide 158TC | 10.0 30.0 -
t—Butyl hydroperoxide 167C | 10.0 = -
t—Butyl peroxy—2 : _
72.5C | 10.0 29.2 Handling safely
—ethylhexanoate
t—Butyl peroxy benzoate | 104T | 10.0 35.2 Handling safely
Azobi dimethy i
48C |10.0 29.0 -
—valeronitrile
Azobis—isobutylonitrile 32C | 10.0 34.0 Powder phase
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Table II—5. The Solvent Characteristics for Polyurethane Coating

Content of the

Solvent / blend HBA Viscosity (cp )
blend

MPA 100 10.5 1.20
Xylene/MPA 55/45 7.0 0.89
MAK 100 2.0 0.81
n—Butyl acetate 100 8.0 0.73
Xylene/Ethyl acetate 30/70 ™ 0.50
Ethyl acetate 100 8.4 0.46
Acetone 100 2.5 0.32
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M=C=0
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30=CoN-(CHeleh=C:0 ——» (CHy
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Scheme II—1. Desmodur N3300.
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(1) of=2¥d =9 34

olAd E7& X HEE7]el xylene¥} n-—butyl acetated® YL
reflux temperature ¥ 95~100C%E $&3 ©}& styrene
monomer (SM), acrylic acid(A.A), ethylhexyl acrylate(EHA), butyl
acrylate (BAM), hydroxy ethyl methacrylate (HEMA) S} =3 7HA] A
TBPB, BPOE 4o &fst Ag 3A17F st Aststa x7] 7HAIA S
5%= 1AIZE Hol F7t2 ¥ 5 3~4A17F RESAIA g2 A&
At 72+ A= FA] @ FoxA o=z AArst o]&4de T, @
10Ce 40C= skglar, dofxl #A9 HELE vjssA AAsE o
TA e 1P 60 wth= dte] xylene / n—butyl acetate = 8 / 29
&= 3 tH[5].
(2) <71 929 4

k2719l coconut fatty acid, phthalic anhydride, pentaerithritol,
trimethylol propanes Y¥< % Ny gas blowing A& slol A 220 TC7HA]
MAs] 2% & xylenes FFRAZIHA AT g A7IE AFsta
Gardner (25C)=V~W, Z1~Z3, A7k 3-9mg KOH/g7tF =HS3AE& o
ANFLE xylenes T8 §F BAAA FA 8 1HES 60 wthE 3}
xylene / n—butyl acetate = 8 / 2= 3|4 3s}3It}[6].
(3) ZEAAHE ZF29 &4

HE-S-7] o] phthalic anhydride, terephthalic acid, iso phthlic acid, adipic
acide Y1 t}7} €= E & trimethylol propanel, neopentyl glycols
Y3, Ny gasE =019 AHA 220CT7HA A A3 523t A7H7E 2
mg KOH/g °lstd wj7hA] Wkg-A1 7tk 7 v 160TeolatelA w7its
712 Y1 oA 220C7HA AAE] $2A7 T xylenes $FAIA
dd A D AZPE E w7 AN H AFe®E xylenes 3|

= = =
o Wzksta A9 1¥ES 60wt%®E 3Fo] xylene / n—butyl acetate

=8
(4) ZE2E= HA ofad E &9 34
HE-S-7]¢| phthalic anhydride®} maleic anhydride %! adipic acid&

gy o7} &= 2 trimethylol propanol® neopentyl glycols ¥ %

Ny gasE Zoj¥de Aeold 220C7HA M3 &A1A A7HF 5 mg
KOH / g olst & wi7bA] wkg-A1Z1 F ztsto] 160TC olstellA thrhit&
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F7FE Jal oA 220CT7HA AAE] 247§ xylenes EHFAIA
e AE B AVPE A kA §AAZ F Ao R xylened 349t
S YA A A9 1¥EES 60wthE X433 xylene / n—butyl
acetate = 8 / 2% 3|43t & HEZ 7] xylened} n—butyl acetate %
gt ZYAAHZFAE Y 95~100CE F A7l H styrene
monomer, methyl methacrylate, ethylhexyl acrylate, butyl acrylate,
hydroxy ethyl methacrylate @& A2t T 7/WAAZA TBPBS BPOE
gol s 3AIRF BoF Aspsta 7] JHAIAIS] 5%E 1AIZF FH e
F7HeE F 3~4AIRE RESAA FIAE AT 4 FA= FA
Fox 2o & AAkst o249 T, #& H0CE stal OHE=Zol 4% <!
TA &2 Gardner ﬂ‘:i V~W, OH&&o| 2% FA &2 Z2~Z3°0=
AASRA T FH o 1S 60 wt% =z 3F9] xylene / n—butyl acetate =
8/29 HEE J*—%P t}H9].

t}. Dynamic mechanical analysis (53 A®&A A7) 3t
7 g 47
A 7k} a%ﬂ H3lE FHA 252 Z2H3] AR AT

VIAA Ases S8 918 BH|mA AR & (storage modulus) 7
A S (loss modulus) A AR WEAFLE W JHH3ES
Fe FVHz) F 5= S Z F o AR A 2=
F71H o2 Zpepb gEo] WAt o wet Wde sl "k o<t
2ol Ao HEAd2 AR Aol mel F715 0% Wt 599 AN

A7h WA e
e e £4 245 Aent d

Tz Fee wA" R Ay Add 9Fe v
Moz AwAws Frhehw 3
2R} AFH7] GEe] ans aol Aol HwAo
9597 &5 tand gl AAA Ak Wb, tand @ol L5
e wsol o 19 Fodvkn & F Ak

o
0.

frooft 2 &

[ e 1)
Uﬁ

Z}. Rotational RheometerE 3t Gel time 37
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AR AL AsNts T AR Wt 9% FRstd A+t
ol HuHa Qv I FolA A7t He AR 2% ELS
el 7] ¢ William Landel Ferry2g 43t I3 449

IA =

Astyolet stoh, Azt A AFARor For|7F =0 2V]IHEA
st AdfEd =7 1,000~10,000 oA 2] A3 T+= storage modulus®}
loss modulus7} €A== A, =, tand o] 1¢ AHALS AFgHo=

sFlTH10].

v}k, Pendulum HE&A A7) ot Ashks S35
Pendulum 7 &4 = 1 X&57]2} Damping

Z
e Yetded AsF71e 258 AgErgo] de oa x3ygel wat
ZhuRkg W ZtwAZe] dojuE A AlEe] ®BAo]l AR Wi
A&F717F gobAlal Log Damping  #t°] ®&A Ao A2
AR (Rigid - Body  Pendulum)®] A =Z4 EZEEAd34 9
A SHstE ZozE2 AAXNAY A5, Fio =] FA4H
AFREe A7 2ure] HeA wgte] S9ste] Pendulum ZlE 7]
T % o 73 delta(A)7} Wstth o] wl Pendulum® 3115 Fatel

A

ol mube] sty §S Pendulum ME+Fo=z FHJFsta T U
delta(M)E ZHH3t =9 AZEEHAG) 2 SAREHAGHE
Ut =89 4743t o RAHstE S8 Stk o] A
9lol A Pendulumeo] A A A O ZRE swing ZF 93 WHYshH
Hol& 1w ul Holgke] t)-2-3to] Knife edge® o] tiste] Fig. II-—

3} go] 54 o] o] WAFT

—

kit
rlo

ul
=l

¢

—
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Fig. I—1. Mechanical model of a regid - body pendulum.
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Polyol#} isocyanate prepolymer? ] v]= NCO/OH = 1/19] 3}sh
FEHE EFste] 50me HAxREY FAR thEo] ARV L
80~120CelAl 20, 30, 60, 90+ % 120+ &<t ASA|A Eute] =
BbeEs SATH Ao 542 FTIR (BIO-RAD Co. Ltd,
FT165%)¢ AdHEY Wz FEsigiet. 43 d%°9  NCO7|
(2,270cm™ ) FFES] wWste] uwep #57] HAES BES=
WHHo R AZF 9l o w} 3184 RkEe] S EE ST,

2.3 4% 4 3%
7} 28 AeA =47 (DMA) Y 93 A3 we =3
Table T—63 7o UE 3| == A7) ao %—8— Z3) 853 279

ol &Aool E A kARl dE]atE o] AAfoby
o] Aol E L759F WEEAIA wh
80TolA 60+ Ax3ste] 24 &<t 3 A

Fig. I1—-2~4 oA+ ZAste $der 20 T 9} tan o (Log damping)
## DMA 542 #% 5C 2 AN7|8A I Fo va2%= ¢ =7t
B3ETe] T, &
ER LTt

T,e W27l 5255 ZYdivHEsAREY S7= X9
A=t FAH A S7kE o ZhmRbgel &JsliA tane kol A3t
Tables M —6~10° YeEFt AIeA] tand #te] =2 Ho] tand #kol
w2 ART 7AA B0l Ao g ettt & 5 it

Table H—8°ﬂ"1 Kol s|E=x=A7] ghgpo] e EHeYE¥
N3300 # L75 & 80TeolA 1At A3} % aging time 3¢ % ¥t
tand & & Owr N3300 #¢] Wkg-AolA tand #ko] W& £o %
C>A>H>D>B = yetston L7592 whgeM = tand %ol C
=D>B>A 0% e

fE
Z
w
3
l-ICD
g
O
°
il
d
=
R

_,d
god
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=2
1o
=
Y
ol
RS
fifo
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e
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S AAS o BFSA S Tables M—63 904 ®H5o] A 3}A] N3300
o] 7H-3-A] 10% DBTDL 1% AHE-3<S W= tand #te] A>D>H > C
>B 2% ko 10% DBTDL 0.2% A3 wli= Tand #te] C >
A>H>D>B oz W¥eka, AghA L75 £+ WAl 5% Desmodur
Rapid PP 0.25% AFE3 S W= tand #°] A>H>D>C > B 2=
A ERE

S|EFA7] o] e EEE 59 HhEelA+= tand gto] Table
0-99 1014 ®So] A3kAl N3300 3 Wk Al A(4%) < EQ2%),
B(4%) > F(2%), C(4%) > G(2%) o= w¥oton, A L75 29
HES Al A(4%) > EQ2%), B(4%) > F(2%), C4%) > G(2%) s« =
e Zlow Azl vpght
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Table II—6. Test Results of the Urethane Film Reaction with L75 and
Various Polyol Resins Contained 5% Desmodur Rapid PP

0.2%, Measured by DMA, Rheometer and RPT3000

Resin | A/C 0724 | Alkyd 0725 | PE 0725 PE A/C | A/C 1106
(A) B) ) 0831 (D) (H)
PP PP PP PP PP
Test items L75 L75 L75 L75 L75
80
tand| X 0.72 0.85 0.75 0.78 0.74
DMA
lhr
50
80
(m) | T, 119 109 71 96 111
X
() (94) (118) (77) (84) (78)
lhr
110 i1 93 110
Rheometer
tond =1 (108, 10% | (121, 10% | (938, 10% | (107, 10% 116
an =1,
DBTDL 1%)|DBTDL 1%) |DBTDL 1%) |DBTDL 1%)
RPT 3000
(Cycle time ) 2 5 1 4 3
40 m

* RPT3000 cycle time; 1: Fast, 5: Slow
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Table II—7. Test Results of the Urethane Film Reaction of Different
Hydroxy Value Acrylic, Alkyd and Polyester Polyol

Resin with N3300
()5 increase Ty of after chemical reaction

Resin Acrylic polyol Alkyd polyol Polyester polyol
0724 (A) |0822(E) | 0725(B) [0810(F) [0725(C)|0820(GR)
Test items 4% 2% 4% 2% 4% 2%
80
tan é X 0.86 0.976 1.04 1.19 0.8 1.378
DMA
lhr
50
80
(fam) T, 78 67 67 61 41.5 33
X
(C) (48) (28) (76) (58) (48) (37.3)
lhr
Rheometer
109 109 131 119 74.5 107
(tand =1, C)
RPT 3000
(Cycle time ) SF FS F S F S
40 m

* RPT3000 cycle time; F: Fast, S: Slow
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7 —— ap0724
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A —— pe0725
‘ \ — - pe0831

— ap1106

0.8 A

0.6
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T ? T U T T T T
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Fig. I—-2. Tan delta and T, of cured urethane film reaction of
desmodur N3300 and various polyols at 80C for 60min.
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1.0 - o ap0724N33DBTL
\ [T al0725N33DBTL
1 / \ - — — pe0725N33DBTL
0.8 - / VN / — - pe0831N33DBTL
A YA \ —— ap1106N33DBTL
1 / S
S 06 /
° /
© ]
c / .
0.4 - I
[ .
Les/ W
0.2 | 7 B (/e
0.0 - \\MNMJJMV,M' P
0 40 80 120
Temperature(C)

Fig. I-3. Tan delta and T, of cured urethane film reaction of
desmodur N3300 and wvarious polyols with addition of
DBTDL catalyst at 80C for 60min.
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1.0 4 ap0724N33

~~~~~~~ ap0822N33
: — — ap0724L75
— - ap0822L75

Tan delta

0 40 80 120 160 200

Temperature(C)
Fig. II—-4. Tan delta and T, of cured urethane film reaction of acrylic

polyol containing different hydroxy value (2%, 4%) with
desmodur N3300 and L75 at 80C for 60min.
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Table II—8. Test Results of the Urethane Film Reaction with N3300,
L75 and Various Polyol Resins Measured by DMA,

Rheometer and RPT3000
Resin | A/C 0724 Alkyd PE 0725 PE AC A/C 1106
(A) 0725(B) © 0831(D) (I
Test item N3300[L75 [N3300] L75 [N3300[ L75 [N3300| L75 [N3300| L75
80
0.725
tand| X | 0.86 [0.78]1.035] 0.75 | 0.8 0.96 [0.725| 0.89 ]0.725
DMA (0.68)
lhr
50
80
(m) | T, . 73 £109 |7 |15 Wmmd 2 54 61 80 82 | 104
(C) T (48) [(84)| (76) [(106)] (48) [ (60) | (49) | (68) | (BO) | (72)
r
Rheometer
109 [114] 130 (1301 | 75 100 115 119 113 115
(tand =1, C)
RPT 3000
(Cycle time ) 2 2 5 5 1 1 3 4 4 3
40 m

* RPT3000 cycle time; 1: Fast, 5: Slow
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Table II—9. Test Results of the Urethane Film Reaction with N3300
and Various Polyol Resins Contained 10% DBTDL (0.2%,
1%) Measured by DMA, Rheometer and RPT 3000

Resin A/C 0724 | Alkyd 0725 | PE 0725 PE AC | A/C 1106
(A) (B) ©) 0831 (D) (H)
DBTL DBTL DBTL DBTL DBTL
Test item N3300 N3300 N3300 N3300 N3300
80 0.78 1.03 0.97 0.83 0.84
x | 0.86) / (1.0) / 0.785) / | ©.965)/ | (0.90)/
lhr | 0.2% 0.2% 0.2% 0.2% 0.2%
tan o
120
X 0.835 0.915 ol 0.94 0.895
DMA lhr
50 o | 68:30 67 39 58 82
(um) | #7a 2t g 70,55/ | =46.82/ | +61.02/ | %76.99/
0.2% 0.2% 0.2% 0.2% 0.2%
T, | 1hr
o (44) (76) (45) (45) (50)
(C)
120
X 80.22 oL B 5658 69.17 86.64
lhr
97 113 54 95
Rheometer
(107, (121, (79, (107, 102
(tand =1, C)
5% PP 0.25) 5% PP 0.25) |5% PP 0.25)| 5% PP 0.25)
RPT 3000
(Cycle time ) 2 4 1 5 3
40 m

* RPT3000 cycle time; 1: Fast, 5: Slow
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Table II—-10. Test Results of the Urethane Film Reaction of Different
Hydroxy Value Acrylic, Alkyd and Polyester Polyol
Resin with L75

(); increase Ty of after chemical reaction

Resin Acrylic polyol Alkyd polyol Polyester polyol
0724 (A)[0822(E)| 0725(B) | 0810(F) [0725(C)| 0820(G)
Test items 4% 2% 4% 2% 4% 2%

80

1.10

tan X 0.78 0.67 0.75 1.03 0.73

DMA (0.93)

1hr
50
80
(fm) Ty 109 38 105 78 54 57

X

(C) (84) (49) (114) (76) (60) (62)
lhr

Rheometer
J Ao =18 . 3 L2 127.0 100.0 122.0
(tand =1, C)
RPT 3000
(Cycle time) Fast Slow Fast Slow Fast Slow
40 m
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L}. Rotational RheometerE &3t Gel time =%

Fig. NI—-5~7 °lA& TR EYEH 2FFY olAAloRolE
BAIE EFetel AT R FAE AHES sl AFEEHA
(GH e £AEREHA(G"7F 2olXl+= HS Rheometer MCR100S AFE
o] =4 3slFtE. 25mm dispersible plateE AFg3sle] 7fdessS Eg
75CZ 150C7HA &89 oM  straine 1%% FyE 1.5HzE
sklth. =, tand @tol 1131 Asteles WHoR 24y fHE
A4 W WEEEE S 3 Ay 2 W2l xS
7HARAIZE (ot hfe) o] W& ZAo=® e

Table 1—-89 Zg 53 A3kA N3300 9] ®ES Aol gel time
o] C>A>H>D>B w2z wmaA vetsta, 434 L75 949 vk&
Alel= C = H =D > B > A £9 A35 4t o] wkg=el A3
=74 10% DBTDL % 5% Desmodur Rapid PPE H7}&|iAq HE-&ES
AZe W Table I— 63 9 o ®3o] N3300 2 C>A>D>H>B
o7 wWE ZA3E Ay, L75 = C>D>A>H>B o7 #WE
o7 eyt
S| EEA7] ko]l e EZ == REsgelA= N3300 #o] "
Adwn) > EQ%), B4%) > FQ2%), C4%) > G2%) o= m=7
ey, L75 =3 A(4%) > E@%), B(4%) > F(2%), C4%) >
G(2%)=o 2 e

O

e
_L_
- ul
.

=

il

—

t}. Pendulum &4 (RPT 3000) =37]9] 93+ A 3Hatg
et ZE) gy ZEolhAloldolES] BINEAE F7

pendulum HeY FH7IE ol&sto] 8/ EETAYd 2749
Zaol2AloblolEE 4% AL W AFAte WHER FF
Ad s S AlE A = IFEF79 tans #he WHItE S
Al Ty 2ol A &l dist 37442 vl (ratio) 7} HUXE Y
Zde FAE Azubs Aol AFEWAM HEr Asle] gl
S7FetaA xsF717F Zopxlth, weba Fig. -8 oAl o] Fha
71717 95 w538 §hgo] Adsta gAh Fo] 45 Jtukrt &

Ao = e

m{m

L
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Table 1I—8 of el s|==A17] sigko] e Za&
N3300 # L75 °] ®bgelA= Z+7; cycle time ©] C > A >
C>A>H>D>B 2= Wz Yetyi, ol Jhgel A3 F3A
10% DBTDL¥ 5% Desmodur Rapid PPE 37} & uwji= Table II-—
63 9 oM} o) C>A>H B>D, C>A>H>D>B&o=
LHERE
S|EEA7] o]l tE EEE 59 WA= AshAl N3300 #9
HES-Al cycle time & AM4%) > EQ%), B4%) > F2%), C4%) >
G(2%) <oz w=A Yvebgta, L75 £33 A4%) > EQ%), B4%) >
F(2%),C(4%) > G2%) =A< &S AHE 4= F AATh
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Fig. I —5. The variation of storage modulus and loss modulus at 1.5Hz
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ploted against curing temperature for (C) polyester polyol
0725 with Desmodur N3300 and L75 reaction.



38

10
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Fig. T —6.
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Termperature (°C)
The variation of storage modulus and loss modulus at
1.5Hz ploted against curing temperature for (A) acryl
polyol 0724 with Desmodur N3300 and L75 reaction by
using different catalyst (10% DBTDL in BA and 5%
rapid PP).
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Fig. I—7. The variation of storage modulus and loss modulus at
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1.5Hz ploted against curing temperature for different
hydroxy value acryl polyol [(A) acryl polyol 0724 and
(E) acryl polyol 0822] with Desmodur N3300 reaction.



AIC-0724 (MN-3300)
e PE-O725 (N-3300)
—— AJC-1106 (N-3300)
— - PE-0831 (N-3300)
AL-0724 (N-3300;

Cycle (sec)
ey R """"ﬁ'-::“-w A
D-] | | | | |
10 20 20 41 &0
Time {min}

Fig. II —8. Change of oscillation cycle of urethane reaction film with
Desmodur N3300 and various polyol resins at 80T for
60min.
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2 FTIR o1& #5719 W3t
E579) o] zAlohilo]E ma)Ee]w o] Wl gl NCO /
%
_]

2
OH = 1/ 19 9] 2 AHZAA T/l wet &3tste] fal o
50 AZET-S FAAA 80T Ax7]e] 20, 30, 60% =+ HAx3}]
25¥ 7 MSES S 22 F3xE Fig. 01-9 ¢ 109
YERTE 3 Table T—11 oA ROl FyTZA Al
eS¢ F Al SIEFAY] FeFo] 2 Z& ¥ A shAl N3300
I L75 Hkg Al A3t =724 10% DBTDL 0.2% 2} 5% Desmodur Rapid
PP 0.25% #7}ste] 80T oA 20, 30, 60, 120% ok w3& AA

FyeE v 8 2 A3z A3A N3300 3 wkSeMs wh-g-A|7ho]
202¢9 s C>H>A>D>B,302¢ W= C>D>H=A>B, 604
=C>D>H>A>B, 1208Y @i=C>B>H>A>D «+£°=%
SAJo] E9dth L75 949 HEgo = 20%Y Wl C > D > A > H = B,
A wE=D>H=A>C>B, 6024 Bl=C>D > A >H>B,
12089 W= H>A>B>C>D €22 WhgAo] £ Aoz ey
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Fig. I—-9. FTIR spectra of urethane reaction film with Desmodur

N3300 and acrylic polyol 0724 at 80C for various curing
time.
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Fig. I—10. FTIR spectra of urethane reaction film with Desmodur
N3300 and various polyol resins at 80C for 60min.
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Table I—11. Test Results of the Urethane Film Reaction of Different
Hydroxy Value Acrylic, Alkyd and Polyester Polyol
Resin Contained 10% DBTDL (0.2%, 1%) and 5%
Desmodur Rapid PP with N3300 and L75

Resin & A/C 0724 |Alkyd 0725 PE 0725 |PE A/C 0831] A/C 1106
ardener (A) B) (©) D) (H)
) N3300] L75 |N3300] L75|N3300| L75 [N3300| L75 [N3300| L75
Test items
80T
X R £ | 5197 5 (75 94 85 80 80 | 87.5 | 75
\% 20min
o 80T
LO
~ X 88 87 84 77 97 87 | 91.5 | 88 38 85
IS
~ 30min
=
= 80C
n
é) X 93 90 87 1/ 98 92 | 91.5 190.5| 92 91
n .
= 60min
—~
= | 80T
X 97 95 97 94.5] 98 [93.5] 94.5 192.5] 93.5 195.5
120min
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AEE T8 st 289 3shd Ao upel s|=FA]7] g5 4l
S H3IA| 7|01, o]7]o AFAR o] A|oMH|O]|EE ALEElO] HESS T
9 oukg RS AE Ay gy g A4ES 42 S iy
7V As Fu Qe &F SIS AY] & 4% EEE TR e

[c] [€)
Tejgeishe ekl N33003e] WHEHe C(FelelsH=
AhRE EFel®)> H(elad Ze9)> DEIA2H= @4 ol
£22)> B@Z Eelg) £om wgdel w2 uehgin)
EdelaH = £A70 b wWE R WgTle QAR 43 0H Y
gamgel Avden 27 wEe NCOZe weAel WEzow
e, 4V S BelLol At 2 A =AY AW BAE Fu

47} F2EBo] Wxel 7] W] NCOSS WsAAE bH erhu
ke

1. 10% DBTDL 0.2% & 1% sk Suj7F 235 s|=FA17] &5 4%
N ZEe TR wE gElgy EolAAotdlo]E A stAl N33003%4<]
W33 A3 SHAZ w2t 2ozt skt 1% DBTDLS 0.2% 3%
W T, ¢} tano #koll 23k -34S C > A > H>D > BEo® vehga,
Zu7F gl= A3 4 k9o 10% DBTDL 1% H% 35 AF&A] pot
lifewt WepA| 1 A3t HEe oA B A ke d4o] yEET. 1
A3} tand @ T, @A 10% DBTDL 0.2%%5 92 Z#$dg 2ute
T, 7} 24 =4 Yetgtew AgSmE 35 AFgstd =2 de] o}
QA Ho] ThaA s dto] =] T, 7F WA U Ao HolH
w3 wuko] YIS Adsts gglow Zgd o7 ey

o

th. 5% Desmodur Rapid PP 0.25% X3% 3| =2A7] ek 499
Za gy L759 weALe ZgoaHE ZE2O)7F 7HE wEA
e, 7= 222 @B)7F Aud oz 7R wksAdo] =3 ofad™
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2SS ST 25 9 Sajjo] wet RESA A7t B S &
A=, ol FHEY | =FA7E S FAES T, D A3 Sl
TRl wet zpol7t Qlem R o]F b wste] wjs Al A gt T
ANE & Aow pod

2t S EFAY] T 4% 9 2% EEE THEE ELEolAAoMoE
N3300 B! L75 Whe/delr= Eejs wAZel oot s|=5A7] ol
Sers eSS =3lom, FskAl AA T, ESE N3300°] A7
ol oA o® L7598k whgR ok wEA vEbsth o] HDI trimer
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3.1 A &

Euhe 24 BE D AF SR J1S5HS Pola] A% BHow
9o Mg ok 2eu B4E woe) URe $4Ede] P Ei
FrATE 1 750 98 AASA Ask A1), AA NERE wE
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T 6578 ZEle FAE ARESAATH
a9, A3ARAME= FelstE  [o]&Aloh| E(N3300) ¢ ofEviE
o] ZAJOME (L75)2] 27k EFd T} (I3 o] Zale 4% 67149}
Higtstey & 12FFY FHEEES  Axsth. EHE - 71A4
=443 DMA (Dynamic Mechanical Analysis) 2}t Rheometers
ol-&%t =ute] w4 HAvd e Stk 5~12].
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5% Desmorapid PPE 0.25% Yo Table II—2¢] YEeRA wjgn=
3t AAdlE BAGAZI(KSD - 3512)S KSM 5000 - 11119
Al 4 4(EEAEE ARALGE) o gAste] dxE" FAE
45~50m ©.2 X439t Table M—20] YeERA HigH|2 AAS
A sk T
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Table II—-1. Characteristic of Various Polyol

) OH% | Viscosity |Color NV
Resins . ) AV *T,(C)| Mn Mw PD
(Solid) | (#G, 257TC) | (#G) (%)

Acrylic 24.83

4% W 1.0 | 8.23160.00 ) 3,680 | 9,520 | 2.58
0724 (A) (10C)
Alkyd

4% V~W 1.0 [3.3160.90| =9.3 | 2,260 [10,500| 4.65
0725 (B)
Polyester 8.18

4% V+ 3~4 | 0.16 |61.30| —6.07 | 2,960 |24,230
0725 (C)
PE 4

1 2432

acrylic 4% V+ 1.0! 1:5:25 |60.50 (=2 2,380 146,290|19.48
0831(D)
Acrylic 38.82

2% 72+ 1.0! || 5.4 |60.05 12,500139,690| 3.17
0822 (E) (10C)
Acrylic 32.41

4% V~W 1.00 | 5.28 |60.06 ) 1,490 | 5,680 | 3.81
1106 (H) (407C)

* T, (C); ()is theory T, of Acrylic resin

o1




Table II—-2. Coating Types for Property Test

Paints Acrylic |Alkyd|Polyester| PE¥A |Acrylic Acrylic
] 0724 | 0725 0725 Acrylic | 0822 | 1106 |Remark
No Hardener| Ratio | (n) | () | (C) |0831(D)| (B) | (H)

N3300 |1.0:1.0, O

N3300 1.0:1.0 O

N3300 1.0:1.0 O

N3300 [1.0:1.0 O

N3300 1.0:1.0

N3300 1.0:1.0 ©

N3300 [1.2:1.0

N3300 |0.8:1.0

L75 [1.0:1.0 O

L75 |1.0:1.0

L75 [1.2:1.0

BIZ Bl N|o| o e w |~
OO0} |00 O

L75 10.8:1.0
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(8) WA AIY

WA Al U 2 e SFAIEHS olgste] A5
AlgHS KSD 950200 oA Zue XAZE Arjsle] Ao HAAE U
AFEF AFS 24A7H5E 240237kA] AA] & FEi4h Ay BE3 0]
A7) W AF F2] Z 3mrbA 9] 18 AR S35t

(9 LA AI™

ER5E 40~45m= =2t Ald
w=atel 80TeIA 30% A%
& Ao 29 WA F 150TAA 24174 30w @R W
= [¢
(10) 3}sh G=Fujo] whE 7RARAZE 73
AT 25 9 AZbe| mwet TS Abs o R SAS 5 e 54
717191 dl 27 El (Rotational Rheometer MCR100) & AF&-3}3laL, Al%
25mm dispersible plateE ARgsto] 7tdL +9 7 5
St B3 FAI8 AsAlE "d@ElE /I F dola
3|4 (Ford cup#4, 15.5%, 20C) & At M2 AEE 74319
o] B7Fs & W7tA 9 AIRbE ST [14].
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Table II—3. Characteristic of Structural Element

g5 g|_ 2 2] % ls gy ¢
Structural Element S QE) Qé % k7 = —§ § % & %
— — —
Aliphatic Hydrocarbon | ++ + +++ + + ++
Aromatic Hydrocarbon + +++ - o) +++ | +++ | +++
Ether bonding oL o 5 LI + + 0
Ester bonding L5 . + r 0 + +
Urea bonding = T = = + ek N ++ +
Urethane bonding 0 4 4F A IF + +++ +
Allophanate group -+ B 0 TP Ar 0 i + +
Low functionality Sr ok S F e o) o)
High functionality 0 O 4F 18 I - +++ | ++
Low Molecular Weight | +++ = = 0 0 0 -
High Molecular Weight - + + + + + ++
* Rating; +++ (Excellent) to ——— (Poor)

00




Table II—4. Properties of Acrylic Monomer

Monomer Hardness Flexibility Alkali Resistance UV Resistance Solubility
a —Methyl styrene +++ - - - +++ - - - ool
Styrene ++ - - - +++ - o
Methyl methacrylate it s - ++ ++ -
Ethyl methacrylate £ o +++ +++ +
Butyl methacrylate + T +++ +++ +
Methyl acrylate = + ++ o +4+
Ethyl acrylate -F ++ ++ + ++
Butyl acrylate = -1 + HEB i ++ +++
* Rating; +++ (Excellent) to ——— (Poor)
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Table II—-5. Properties of Different Polyol Type

Properties Polyester | Alkyd | Polyester Acrylic | Acrylic
Versatility + - + ++
Color + - ++ ++
Durability + ek ++ ++
Flexibility 5 + ++ +
Solvent Resistance + = 4 +
Acid/Alkali Resistance i - i +
Flow T + +
Cost ++ &l +
* Rating; +++ (Excellent) to —=—— (Poor)
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Fig. I-1. Tan delta and T, of cured urethane film reaction of
Desmodur N3300 and various polyols at 80 T for 30

min.
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Fig. I—2. Variation of T, of cured urethane film reaction of Desmodur
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N3300 and various polyols according to reaction time.



1.2 4 — No.5
80°C,30min /‘\ ................... No s
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Temperature(C)

Fig. II—-3. Tan delta and T, of cured urethane film reaction of
Desmodur N3300 and L75 with acrylic polyol 1106 as
various equivalent ratio at 80 C for 30 min.
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Table M—6(a). Test Results of Physical Property in Coating

Test items tand (80C) T,C (807C)

Paint and Hardener 30min| lhr | 2hr |30min| lhr | Zhr

(Nol)

Acrylic 0724 (A) N3300| 0.94 | 0.94 | 0.85 | 60.5 | 67.0 | 75.0

(No 2)

Alkyd 0725 (B) N3300 | 1.17 | 1.15 | 0.95 | 56.6 | 57.5 | 66.0

(No 3)

Polyester 0725 (C) N3300 | 0.80 | 0.78 | 1.00 | 41.2 | 47.0 | 50.0

(No 4)

PE®A Acrylic0831 (D) N3300| 1.05 | 1.04 | 1.00 | 51.3 | 52.0 | 68.3

(No 5)

Acrylic1106 (1) N3300 | 1.20 | 0.94 | 0.94 | 61.4 | 64.4 § 83.0

(No 6)

Acrylic 0822(E) N3300 | 1.09g,.1:03 | 0.97 ["56.0 | 62.0 | 71.0

(No 7)

Acrylic 1106 () N3300 | 1.13 [ 0.82 | 0.92 | 58.0 | 63.0 | 78.0

(No 8)

Acrylic 1106 (1D N3300 | 1.25 | 1.08 | 0.88 | 8.9 | 64.4 | 84.0

(No 9)

Alkyd 0725 (B) &3 - 075087 | - | 105 | 108

(No 10)

Acrylic 1106 (H) L75 | 0.82 1077073 | 89.4 | 101 | 114

No 11)

Acrylic 1106 (H) L75 | 092 10.79| 0.78 | 87.0 | 84.0 | 100

(No 12)

Acrylic 1106 (H) L75 | 1.02 10.79 | 0.67 | 89.0 | 118 | 113

* Drying condition for test specimen;

80T X 30min forced drying + Room temperature (20~257C) 2day drying
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Table IM—6(b). Test Results of Physical Property in Coating

Test items

Impact Resistance

Erichsen /Flexibility

Acrylic 1106 (H)

Paint and Hardener (4mm) (1/8")
Acryl?j%?l;él (ay  (N8300] 1/27x500g % 50cm Pass /Pass
AlkijN8722)5 B) N3300|1/2" X 1000g < 50cm Pass/Pass
Polyes(tl\eI? 3;25 ©) N3300/1/2"x1000g < 30cm Pass /Pass
PE ™/ A(ggli:)osm ) S320UR 2 ) IRP 2K P Pass /Pass
Acrygj({ 1586 1) N3300| 1/2"x500g X 50cm Pass /Pass
Acryl(ilj%g;Z(E) N3300)1/2" x1000gX 50cn Pass /Pass
Acrygj({ 1786(H) N3300{1/2" x 500g X 50cm Pass /Pass
(-NO ® 1/2” x500g % 50cm Pass /Pass
Acrylic1106 (H) N3300
AlkijN(C))792)5 B) L75 | 1/2" X500g > 30cm No pass /No pass
Acryii? 11(?5 (H) L75 | 1/2"x500g x 30cm No pass /No pass
Acry(lli\j:ollllo)es (H) L75 | 1/2”x500g X 30cm No pass /No pass
(No 12) L75 | 1/2"x500g % 30cm No pass /No pass

* Drying condition for test specimen;

80T X 30min forced drying + Room temperature (20~257C) 2day drying
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(2) < LEA]4
Table M-7(@dAME dZAE AFHAE Yebddet. <elatg
Oli/‘lOHﬂE AsAZ Ase No.l, 2, 4, 59 Tore AL Tgg
A HBE RS AEE YR, No.3 (Zgd~HZ Z2&) 3 OH
Fgol w2 No.6 (a8 Z88)2> BYESY A5 Yetdisich
AetAl= G| atE o] AhA|o|ERTE ofmutE o] Aol EVE HYE
=4 vERs o] g} %—8— A= AsA L7590 gy FAEQ
o} Z m}g Olﬂﬂlo}ﬂlol T Fofl ot slow BRI [15~18].

(3) Wl &A1 AN ¥

Table M-7(a)> E9o WWEAAS deERdSIT. &gy
oAl EE AAZ 3 HE 7Y WEAAEdS No. 3> 2 =4>
1 =5>6 2% 584 vesth 281 OH o] w2 ofad
FAZY b ymA gersth AsiAls of®EetE o] hAlotiE A sHA| 7t
A2 FtE o] AAOHHE AA BT Y &Rl et AAE ATk ®
FA R AsA GFo] =&5E Ao 53 ol e =ube
FolR Azt & %W Azbe el Eg e Aol A EHY =T T,
9 e wep A4 AdE Ao ZEAY] wio|th. ¥
olZute o] AAJME AAlE FHS FUTE tud =T FFEI
wolgt dod )

(4) ¥4 F9 Ay

Table M—7(a)> =29 F8S4 A7%E Uepicth 1 43 H
el w}E R s g T +
]

5 ehath AshAsl A5 ohzehd o xAohiE Bk
d% YHel Em ued W umern Byl shavh
bl Yol B} B
el olaNohE Aoz Bota
24 AT® 95%°1% BES Uehirh ® obzrhe o] aAlohy)
AL Selshe o) aAoE Aol Bk FUESL 4~5% ol
vehgth eEd ggEle] mE gun geln A uehdA gt
[19~20].
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(5) 25 AlY

2 A3 Table M—7(a)ell Yebd 213 o] No.6>3>5>4>
2>1 ¢o% 5 silvh @@y xpolof| weta &Ejaty o] mAlohlol E
AAE AFES EPee W §llou ofEmbE o] hA|otvo]E
A3AE AFES Aol FAQ OH F&o] = ol e Tart
2ol skl weba FAAgEe 27 A 9 R
-etal A Al WF-g o] AA WSk ZEAHE
2 BYle E857F FAAdo] 9% low ddEth

(6) =] WA A1E
Table -7 (a) A9} o] =9 F=E A Zgg FH 9 of=ntg
dE gty Al TRl wet AE#S] ztol= Bti AsAlE FE|
715 B AFE Sl wet | AET 34 JEsth & FAllA = Fig.
M—-4 o] Jebd A3 2ol No. 6>5>1>4>2>3 07 YFao)
ot 3L AstAL sty x4 9 ggnd] mEk of gol
Ates Ag AT F AAF[21~22].
e

Table [M=3~5.. & Mable ] HR 1~ " E=He JAd o
Uz del dist d3E HeEdigith S| FX9 g
E = W94 ol Al EEPE o] 310 /A

gL H o
AeE & F YATL3] g Inolwg V= _ZE2 FX 8 2

ﬁ

2 ox ox i )
1o rr

]
o
T4 EZFAHE FA7F FEE FA FAA W JRE Ao
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Table IM—7(a). Test Results of Chemical and Physical Properties

o z S @
) - =
Properties . § _ % % E - o g
— & ~~ = @)
= 2 - 2 E $5 | £87
g | & 2 sE | “3 | 22k
= = o Sz g 283
o S G 2 £ > =23
Pai > = © D
aint o o o
v < =
No 1 HB X 99.0 60 /100 16.1 93.7 /93.3
No 2 HB AN 102.0 | 60 /100 20.2 95.7 /93.9
No 3 B O 99.7 85 /100 2, k5, 93.6 /94.0
No 4 HB A 101.0 | 80 /100 20.8 91.4/95.9
No 5 HB X 103.0 | 85 /100 14.8 93.8 /94.9
No 6 B X X 102.5 | 90 /100 9.9 94.5/97.4
No 7 HB X X 102.4 | 90 /100 13.8 93.6 /92.0
No 8 HB », 102.5 | 100 /100 14.1 93.9 /93.8
No 9 H O 104.4 | 100 /100 | 31.6 94.8 /95.4
No 10 H A 104.0 | 100 /100 | 32.9 96.9 /97.0
No 11 H X X 109.0 | 40 /100 32.7 95.3 /96.9
No 12 H ©) 106.3 50 /100 35.0 99.8 /99.0

* Drying condition for test specimen;

80T X 30min forced drying + Room temperature (20~257C) 2day drying
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Fig. M—4. Variation of 4 E of cured urethane film reaction of
Desmodur N3300 and acrylic polyol 1106 at 80 T
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for 60 min according to QUV testing time.




(8) WAA AY
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ofzutg o|AACME AHBAZ REGAIZ] EEbo] ZPE W Aol AEH
LR

(10) s}st F=Fuje & ZFARAIZE

Table M-7(b) % Figh M—-73 S NE=ES] 3sha o=fknjo] mE
TIAA 7S YERITE. 91714 N3300 AstAlel A= A2 uE
FEHE REAZE W EEH RHEARE SAS TR
Rheometer® 435k 7FAMAIZFS A X 5FR] 4kt Rheometer? A%+
No.7>5>8%% Yggo}, & 3 AEAZ 5823} += No. 8> 7 =
5 o7 yewrh a¥a AsAl L759 A$+= Rheometer =73
A= No. 10 > 11 > 12 £07 JRARAzro] &4 Ve, & A
AEAZ 543 433 No. 12 > 10 > 11 <22 Rheometer 7343}
ol oA vE A%E 4& F AT

gk, N3300% L75 A3AlE AFEE 7% Rheometer® 73
TWARAIZEY 22 FoR SAsh JMARAIZRS wile] ARt vtk O

AL FFe] o] oo EE A}%?}E—% 5

o® ZE& FA9 slo]lEEA
2 A7t

P e
lo oo ¢
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Table -7 (b). Test Results of Chemical and Physical Properties

roperties SST/Water Heating Pot life
Resistance Resistance (Gel temp, C/Fc#4.

Paint (both side 3mm) | 150C X 1hr (AE) | 3sec increasing time)

No 1 96 /192 1.47 97 / not measure

No 2 96 /192 1.95 113 / not measure

No 3 216 /240 1.18 54 / not measure

No 4 120 /192 1.04 95 / not measure

No 5 96 /192 0.87 180 /8.0hr

No 6 96 /168 0.65 109 / not measure

No 7 96 /168 1.10 98 /8.0hr

No 8 96 /168 0.92 103 /6.5hr

No 9 240 /216 3.33 121 / not measure

No 10 96 /96 2.56 106 /5.0hr

No 11 96 /168 2.40 109 /5.5hr

No 12 96 /144 2.96 112 /4.5hr

* Drying condition for test specimen;

80T X 30min forced drying + Room temperature(20~257C) 2day drying
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Fig. IM—5. Variation of 4 E of cured urethane film reaction
of Desmodur N3300 and acrylic polyol 0724 at 80 C

for 60 min according to heating temperature.
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3 Heating Temperature : 150 C 5
2 -
L
<
1 -
ap-0724
al-0725
pe-0725
pe-0831
0 - ap-1106
ap-0822
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Fig. IM—6. Variation of 4 E of cured urethane film reaction
of Desmodur N3300 and various polyol at 80 C

for 60 min according to heating temperature at 150 C.

71



Viscosity (sec)
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Fig. IMI—7. Variation of viscosity of reaction solution diluted
with thinner of Desmodur N3300 and L75 with
acrylic polyol 1106 at 20 C for 10 hour.
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Fig. MI—8. The variation of Storage modulus and loss modulus
at 1.5Hz ploted against curing temperature for (H)
acrylic polyol 1106 with Desmodur N3300 and L75

reaction.
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2 AT AFE3t BxmiE styrene monomer (SM), acrylic acid
(A.A), 2—ethylhexyl acrylate (EHA), ethyl acrylate (EAM) Junsei
Chemical Co.9 13 AleFS AAGle] ARESISIth. 2—hydroxy ethyl
methacrylate (HEMA, Aldrich Chemical Co.), 4—hydroxy butyl
acrylate (4HBA, Osaka Organic Chemical Co.), carprolactone acrylate
(Tone M100, Union Carbide Co.) 13 AleFS AF&3tSlth JAIAl= =
amyl peroxy 2—ethyl hexanoate (TAPEH, Atopina Chemicals Co.), —
butyl peroxy benzoate (TBPB, Aldrich Chemical Co.) & A}&3t3 1L
A ol EAEE 2—methyl styrene dimer (AMSD, Goi Chemical Co.)
19 Ao%ks ARESITh  Zo]laAloldlo|E Z e EEw= Table V-
1(a), (b) ¢} Fig. IV—1¢° e HDI isocyanurate® Desmodur N3300
(NCO% = 21.3), AHLE stol&el= HDI isocyanurate® N3600
(NCO% = 23.4)3 isophrone isocyanurate E}%] <gutg
ZE|o|nAlotlo]ER 74470 (NCO% =11.9)& Abgsiolth. cHgA=
additive Ti¢t OF (Bayer Co.) & AF&3tth A3SAE tin free 73}
1ol K—-KAT 4205 (Zirconium Chelate) 2 K—KAT 348 (Bithmuth
Complex, King industry Co.) ¥ DBTDL (Songwon chemical Co.) <

ALg3Hei e,
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Table IV—1(a). HDI -

Isocyanurate Hardeners

Viscosity
NCO content
Desmodur | Type of hardener NV (%) %) (mPas)
’ at 23C
Standard type,
N 3300 100 21.8 3,000
solvent free
Standard type,
Z 4470 ) 70MPA/Xyl 11.7 1,500
solution
Low viscosity,
N 3600 _ _ 100 23.0 1,200
for high solids
Table IV—1(b). HDI - Isocyanurate Hardeners
Oligomer
NCO distribution Equivalent| T,
Desmodur|| =Lype functionality (%) weight |(TC)
N=3: 5 7
Standard
N 3300 type, F=3.5 ~50>20 >30 193 —-60
Solvent free
Standard
Z 4470 type, F=3.3 ~50 >20 >30 360 +60
Solution
Low
N 3600 | Viscosity, F=3.2 | ~70 <20 <15| 180 |-60
for high
solids
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Reactivity of differentaliphatic polyisocyanate hardeners*

90

Relative ——Desmodur
NCO-Content 24470
[%] T . P PTPD Desmodur
N3300
1 e Desmodur
N3600
60
50
40 \__‘__‘_—.
30
20
14 NCO Decrease
Uirvasvasess  detected by
0 T T T T - : ; . IR Spectroscopy

0 25 50 15 100 150 200 250 300
time at room temperature[h]

* High Solids Clear Coat based on Desmohpen A VIP LS 2350-cured at 23%/50% humidity;NCO/OH=1:1

Fig. IV—1. Reactivity of different aliphatic polyisocyanate

hardeners.
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Atopina Chemicals), @, @  —azobisisobutyronitrile (AIBN, Junsei
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¢} PD %k:% 5758t Table V-2 Yepl3int Fig. V-29 FTIR
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HC=CH,

8 4

CH,
+ H,C=—=CHCOOCH,CHC/Hy | H,c=C + H,C—CHCOOH
C,H; COOCH ,CH,0H
SM EHA HEMA A.Acid
/ H H, g H, g H, g H
\ [ & _T_C_T_C_T_C
(|::0 (|j:0 (|j:0 n
T = 3}
N

Scheme IV—1. Synthesis of HEMA modified acrylic polyol (A).



HC=—CH,

+ H,C—CHCOOCH,CHCH, H,C——CHCOO(CH,)O(CO(CH,)50),H

C,H;

SM EHA Tone M-100

+ H,C=—CHCOOH

A
=
=
=
=
=
F

H H
C_C_(lj_c_(lj_c_(lj_c
AAcid |C:° |C:0 |C:0 !
N7\
(ljﬂz (CH);0(CO(CH,)s0),H
ch— C,H,
C.H,

Scheme IV—2. Synthesis of Tone M100 modified acrylic polyol (B)
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HC=CH,

CH,
+ H,C=—CHCOOCH,CHCH, + H,C=—CcC + H,C—CHCOOH
C,Hs COOCH,CH,0H
SM EHA HEMA A.Acid

/ H H, g H, g H g H H H

+ H,C——CH C—c—(lj—c—(lj—c—(lj—c—(l:—c
COO(CH,),OH \ (|j=0 (|j=0 (|j=0 (|:=o n

4HBA (|) (l) (l) OH
|CH2 CH, (CH,),OH

Scheme IV—3. Synthesis of 4HBA modified acrylic polyol (C)



HC=—CcH,

CH,
+ H,C—CHCOOCH,CHC,Hy , H,c—C + H,C—CHCOOH
CyH; COOCH,CH,0H
SM EHA HEMA A.Acid

T
=
&
=
&
=
&
=
&

C—C—C—C—C—C—Cc—c¢C
s VAL AT /.
(|?— o (|?—O (|?— o
pTICNAS”
2k

Scheme IV—4. Synthesis of acrylic polyol 1106 (D).

87



Table IV—2. Characteristic of Various Polyols

HEMA Tone M100 4HBA Acrylic
Resin modified modified modified polyol
Test acrylic acrylic acrylic 1106
polyol (A) polyol (B) polyol(C) {60%, (D)}
OH%
(Solution) 2.0 2.0 2.0 2.4
Viscosity
(#G 25°C) ¥4 V~W RHY U~V
Color (#G ) d G =0 . 102 1.0 |
AV 6.26 6:43 2.49 5.28
NV (%) 69.6 68.5 69.4 60.5
Mn 1934 2211 2128 1458
Mw 4385 7053 5298 5676
PD 2.58 3.19 2.48 3.81
T,(C) 30 = 10.81 32.41
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Transmittance(%)

89

100
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20 1 ——— (A) HEMA Modified Aeryic Polyol
~~~~~~~~~~~~~~~~~~ (B) M-100 Modified Acrylic Polyol
1 —x=F 31 (C) 4-HBA Modified Acrylic Polyol -
0 — T (D) Acrylic polyol 1106
T T T T
4000 3200 2400 1600 800

Wavenumber (cm'1)

Fig. IV—2. FTIR spectra of synthesis various resins.
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257 wobdel wet A3 g vEA UERTh BEEst Ee5E
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dp/dt= kf(p) ———————————————————— (1)

k= Ae PRl e e et e (2)

dp/f(p) =A.e "RTdtr ==——==—s= -2~ ——— (3)
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Aitell osf 2 (4)= th&d 2o &
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E. =crosslinking activation energy
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T = cure temperature (K)

C = constant

p= reaction extent

p.=reaction extent at the gel point
k =rate constant

243} AuA= B) 4= ol&3st Fig. IV-5~7° Yehd gel

time 2}
A3t 2% 2o 7|2 7tu A3t oy A] EcsE e A E
Table IV-7~8 o] YetfSl=d 7tugddst oyA7p wtow whgo]

g meda @ 5
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Table IV—3. Gel Time of Various Acrylic Polyols with Desmodur

N3600
Test items Reaction Gel time
Resin and Hardener temperature (C) (sec)
60 2,048
HEMA modified
) 80 582
acrylic polyol(A)
100 195
Tone M100 60 1,004
modified acrylic 80 274
Poly
polyol (B) . 100 100
1Isocyanate
60 1,204
4HBA modified N3600
) 80 351
acrylic polyol(C)
100 150
60 1,623
Acrylic polyol
80 477
1106 {60%,(D)}
100 165
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Table IV—4. Gel Time of 4HBA Modified Acrylic Polyol (C)
with Various Poly Isocyanates

Reaction
Test items Gel time
temperature
Hardener and Resin ) (sec)
()

60 1,075

Poly isocyanate N3300 80 353
4HBA 100 130

modified 60 1,204
Poly isocyanate N3600 acrylic 80 351
polyol 100 150

@ 60 2,205
Poly isocyanate Z4470 80 741
100 346
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Table IV—5. Gel Time of 4HBA Modified Acrylic Polyol (C) with
Desmodur N3600 at Various Metal Catalysts

Test items Reaction
Gel time
temperature
. . (sec)
Catalysts, Resin ad Hardener (C)

60 1,085

0.02% K—AT4205 80 330
4HBA 100 125
modified Poly 60 1,080

0.02% K—KAT348 | acrylic |isocyanate 80 332
polyol N3600 100 148

oy, 60 923

0.02% DBTDL 80 325
100 115

96




Table IV—6. Gel Time of Acrylic Polyol 1106 (D) with Poly
Isocyanate N3600 at Various Metal Catalysts

Test items Reaction
Gel time
temperature
. . (sec)
Catalysts, Resin and Hardener (C)
60 1,882
0.02% K—KAT4205 80 569
100 186
Acrylic
Poly 60 2,594
polyol ]
0.02% K—KAT348 Isocyanate 80 487
1106 (60%)
N3600 100 188
(D)
60 908
0.02% DBTDL 80 318
100 127
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Table IV=7(a). Test Results of Physical Property in Coating with
Various Acrylic Polyols and Desmodur N3600

Items Rheometer measure
Gel time
Paint and Temperature nt Activation energy
nte
Hardener 1/T(107* K) (KJ/mol)
HEMA 3.00 7.6247
modified
acryic 2.83 6.3665 61.10
olyol
ey 2.68 5.2730
(A)
Tone M100 3.00 6.9117
modified N
acrylic 2.83 9.6131 53.12
polyol 3
2.68 4.8675
(B) 6
4HBA 0 3.00 7.0934
modified 0
acrylic 2.83 5.8608 54.11
polyol
2.68 5.0106
(©)
Acrylic 3.00 7.3920
polyol
2.83 6.1675 59.39
1106 (60%)
D) 2.68 5.1060
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Table IV—7(b). Test Results of Physical Property in Coating with
Various Acrylic Polyols and Desmodur N3600

Items DMA measure
Tq tan o Impact
Paint and 80T 100°C 80T 100C | resistance
Hardener X 0.5hr X 0.5hr | xX0.5hr | X0.5hr
HEMA
modified 53.39 62.68 /2"
acryic AT, AT, 1.018 1.147 xX1000g
polyol =44.0 =53.29 X50cm
(A)
Tone M100
modified N 45.11 52.50 /2"
acrylic AT, AN 0.992 1.276 x1000g
polyol 3 =65.0 =72.39 X50cm
(B) 6
4HBA 0
modified 0 52.21 58.37 /2"
acrylic 2, AliE 0.877 1.121 x1000g
polyol =57.0 =62.0 X50cm
©
Acrylic ,
Solyol 65.03 68.68 1/2
AT, AT, 1.121 0.879 x1000g
1106 (60%)
=57.0 =61.0 X 50cm
(D)
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Table IV—8(a). Test Results of Physical Property in Coating with
4HBA Modified Acrylic Polyol (C) and Various

Isocyanates
Ttems Rheometer measure
Gel time
Activation energy
Hardener Temperature 1/T
and Paint (10-%K) Int. (KJ/mol)
3.00 6.9800
N3300 2.83 5.8665 54.88
4HBA 2.68 4.8675
modified 3.00 7.0934
N3600 acrylic 2.83 5.8608 54.11
polyol 2.68 5.0106
© 3.00 7.6985
74470 2.83 6.6080 56.92
2.68 K53
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Table IV—=8(b). Test Results of Physical Property in Coating with
4HBA Modified Acrylic Polyol (C) and Various

Isocyanates
Items DMA measure
Ty tan & Impact
Hardener .
) 80T 100C 80T 100C resistance
and Paint
X 0.5hr | X0.5hr | X0.5hr | X0.5hr
1/2” X
N3300 48.86 51.62 0.929 0.961
4HBA 1000g X 30 cm
modified
. 1/2” X
N3600 acrylic | 52.21 58.37 0.878 1.121
1000g X 50 cm
polyol
(©) 1/27 X
74470 79.24 76.80 0.902 0.971
1000g X 30 cm
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10°

(C) 4-HBA Modified Acrylic Polyol , N3600,60 T, 80 C
104 -
103 -
102 -
—0— G 10" A
@. G"
—— G 100
BN 2 G"
10-1 -
10-2_
103+ —O— Storage Modulus (60C)
@+ Loss Modulus (60C)
104+ —— Storage Modulus (80C)
. %+ Loss Modulus (80C)
10% T T T T T T T T T

0 200 400 600 800 1000 1200 1400 1600
Time (sec)
Fig. IV—3. The variation of storage modulus and loss modulus at

1.5Hz ploted against various curing temperatures for
4HBA modified acrylic polyol (C) with desmodur N3600.
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10°

(C) 4-HBA Modified Acrylic Polyol , 60 T
104 -
103 -
102 -
o— G
~@- G" 10! A
oA G
A G 400 4
_o_ G'
—®- G" 104
10-2 4 —O— Storage Modulus (N3600)
--@-- Loss Modulus (N3600)
103 —&— Storage Modulus (N3300)
& Loss Modulus (N3300)
10+ —O— Storage Modulus (Z4470)
. @+ Loss Modulus (Z4470)
10% T T T T T T T T T T i

0 200 400 600 800 1000 1200 1400 1600 1800 2000
Time (sec)

Fig. IV—4. The variation of storage modulus and loss modulus at
1.5Hz ploted against various isocyanates for 4HBA
modified acrylic polyol (C) with desmodur N3600 at
60 C.
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8.0

7.5
7.0
6.5 1
EQ
6.0
5.5 ../.
rybe . ® (A) HEMA Modified Acrylic Polyol
50 - g/ 1% O (B) M-100 Modified Acrylic Polyol
O™ v (C) 4-HBA Modified Acrylic Polyol
Vv (D) Acrylic polyol 1106
45 T T T T T T T i
2.65 2.70 2.75 2.80 2.85 2.90 2.95 3.00 3.05

1T (10°K)
Fig. IV—5. Plots of gel time and curing temperature for various
acrylic polyols with desmodur N3600.
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8.0

7.5 1
7.0 1
6.5 1
EQ
6.0
5.5 1
50 4 ® (C)N3300
' O (C)N3600
v (C)Zz4470
45 T T T T T T T
2.65 2.70 2.75 2.80 2.85 290 2.95 3.00
1T (10°K)

3.05

Fig. IV—6. Plots of gel time and curing temperature for 4HBA
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7.5

7.0
6.5
£ 6.0
5.5
5.0 7 . ® (C)0.02% K-KAT 4205
& O (C)0.02% K-KAT 348
v (C)0.02% DBTDL
45 T T T T T T T
265 270 275 280 28 290 295 300  3.05

1T (10°K)
Fig. IV—"7. Plots of gel time and curing temperature for reaction of
4HBA modified acrylic polyol (C) and desmodur N3600

at various metal catalysts.
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Table IV—9(a). Test Results of Physical Property in Coating with
4HBA Modified Acrylic Polyol (C) and N3600 at
Various Metal Catalysts

Items Rheometer measure
Gel time
Activation energy
Catalysts Temperature 1/T |
and Paint (10~°K) nt. (KJ/mol)
0.02% 3.00 6.9893
K—KAT 2.83 5.7991 51.99
0.02% modified 3.00 6.9836
K—KAT achylicw#® 3 2.83 5.8051 51.52
348 polyol | 6 2.68 5.0003
© 0 3.00 6.6276
0.02% 0
2.83 5.7838 48.92
DBTDL
2.68 4.7449
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Table IV=9(b). Test Results of Physical Property in Coating with
4HBA Modified Acrylic Polyol (C) and N3600 at
Various Metal Catalysts

DMA measure
Items
Ty tan & Impact
80°C | 100°C | 80C | 100 | resistance
Catalysts
) X 0.5hr| X0.5hr| X0.5hr | X0.5hr
and Paint
0.02%
1/2” X
K—-KAT 56.47 | 66.30 | 1.168 VY
1000g x50 cm
4205 | 4pBA | N
0.02% | modified
; 1/2” X
K—-KAT| acrylic| 3 | 60.78 | 64.75 | 1.134 1.180
1000g X 50 cm
348 polyol | 6
© 0
0.02% 0 1/2” X
52.16 | 68.20 | 0.915 1.248
DBTDL 1000g X 50 cm
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1.2

80T, 30 min, N3600 ) — (A

Tan delta

0 20 40 60 80 100 120

Temperature(C)
Fig. IV—8. Tan delta and T, of cured urethane film with various
polyols and desmodur N3600 at 80 C for 30 min.
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Tan delta

10 (C) 4-HBA Modified Acrylic Polyol , N3600 , 80 C
N\ — (C)N3600
Il
.......... (C) N3300
——— (C)Z4470
\u-p,. Wy .
0 50 100 150

Temperature(C)
Fig. IV=9. Tan delta and T, of cured urethane film with various
polyols and desmodur N3600 at 80 C for 30 min.
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(C) 4-HBA Modified Acrylic Polyol , N3600
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Fig. IV—10. Storage modulus of cured urethane film with 4HBA
modified acrylic polyol (C) and desmodur N3600 as

curing temperature.
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Fig. IV—11. Storage modulus of cured urethane film reaction with
4HBA modified acrylic polyol (C) and desmodur N3600

at various metal catalysts.
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N33003} 1t 2 acrylic polyol 1106 (D) > 4HBA modified
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=y 2 A4 3= Table V—-10°] Hefidt. Ee E2e9
THE ARbAox RAAdo]l 4 skglow, A wkg = T, T7F Fo
& AStA 744703 HF$A]Z] EHRS acrylic polyol 1106 (D)7F tf&
LYy 29 ¢ ol T, 57F Fol AReRE Ture] ARTh
<ef7bAA F2bo] Wolx| = A#E g sk=d (D) 749 T, 571 F°|
U FA R 2817 wiolet ddkE T

ko] =2 y3FA Alddu= Table V-10°] eI 4 3HA)
N3300¥ acrylic polyol 1106 (D)°} ®HESSH =57F u$Aido] k1t
Feton, stol&YE of ¥ EYZTA(A, B, OF AEs 5 &°
HAMLE AL FASE A o2 UERE

2 YEA AlE
Tuto] YdAd Ad AygE= Table W—109] wEeERTE. Eukol
yaAde AskAl N3600 2 N3300% Tone M100 modified acrylic

polyol (B), ZA3tAl 7244703 acrylic polyol 1106 (D)%} ¥F-&3F =87}
7 itk X9k AstAle] mel m A s xfol= oy dell o3t
HA A= F ZFol7t glo]l [AFSEAT

Tote] d4RE AP 54 AREIE Table V-109] LheRRSIT,
AT E2 3} o aAlohilo| 29 WA W FehA Aol we} ok

z}ol 7} Y= Ao 2 veErst A 3A N36003 acrylic polyol 1106 (D)



42 4HBA modified acrylic polyol (C) ¢} ¥h-&-3t Ze|9-ee 74 Tg57}
71 93kt 53] 4HBA modified acrylic polyol (C)9 A%+
o uty AskA gl A7 mure] WA Aol B febAl yEbskETl,
o]+ 4HBA modified acrylic polyol (C)¢] %7} wkg-st o

547 dAZANE AA ol whgAdo] fste] dsE =T Y %
o] £& Zlo=w dH)
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o fr

e o
oX,

Table IV—10(a). Test Results of Chemical and Physical Property in
Coating with Various Acrylic Polyols and
Isocyanates (Contained 0.02% DBTDL in Acrylic

Polyol)
Items | Hardness/Solvent Gloss Adhesive
Polyol (100times) (60° ) (1mm, 5B)
and Hardener
(A) F/Pass 10163 100/100
B) HB/Pass 101.2 100/100
N3600
©) H/Pass 101.0 100/100
D) H/Pass 96.1 100/100
(A) H/Pass 98.8 100/100
(B) H/Pass 99.3 100/100
N3300
©) H/Pass 98.0 100/100
D) H/Pass 100.0 100/100
(A) H/Pass 100.8 100/100
(B) H/Pass 100.2 100/100
74470
©) H/Pass 96.8 100/100
D) H/No pass 99.5 100/100
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Table IV—10(b).

Test Results of Chemical and Physical Property in

Coating with

Various

Acrylic

Polyols and

Isocyanates (Contained 0.02% DBTDL in Acrylic

Polyol)

Items
Polyol

and Hardener

QUV (144hr)
/Heat resistance
(1507, 2hr), JE

Alkali
/Acid resistance

(24hr,Gloss reduce)

Salt Spray
/Water resistance
240hr

(A) 21.2/4.5 3.4/5.5 192hr/Gloss good

B) 20.2/2.9 4.2/4.2 168hr/Gloss good
N3600

© 21.4/3.7 0.3/3.3 216hr/Gloss good

D) 21.6/3.3 2.0/3.0 216hr/Gloss good

(A) 20.8/4.8 3.8/2.6 192hr/Gloss good

B) 20.6/2.9 6.5/1.7 168hr/Gloss good
N3300

© 21.6/3.5 7.0/1.2 216hr/Gloss good

D) 15.7/3.2 4.8/6.8 216hr/Gloss good

(A) 21.7/3.7 4.5/2.3 168hr/Gloss good

B) 20.3/3.0 7.1/3.2 198hr/Gloss good
74470

© 22.2/3.1 4.9/0.4 204hr/Gloss good

D) 15.7/2.9 5.8/5.5 200hr/Gloss good
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HEMA Rt 53t 28y detd oz ALEHI Qe EF3HQ
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gl &5t 9 UHEA IE=E ?v’i“@f
o] g% <trE0| I
Holglol A=A 9 ek 4R
oz d#A dvH3].

webA], 2 AFeA = Al IO, T, IV 2] AddeAa 42 & 74 ¢
olaAlotHlo| E A stA|eke] REbgA F V]EF ARbEAlo] % 4HBA 9
Tone M100 (modified high solid acrylic polyol) A2+ 7]&Ee]
AtA o ® AMgstd otlad EulE FAE AdAsta, AsiAs e ay
ZejolaAlotdlo]E N3600& AREeRlvh. WActa=Es ZPC  (Zince
potassium chromate) 2} A=A WA=l MPC(Metal phosphate
complex), ZPM(Zinc Phosphomolybdate)< Mica % BaS0,° A&
Sl Hjgtstol 20y EFedE WA = ERE ARGt
ZMEEgAERoE Eure 23 Afts XA 7| QT AlEAd o
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715 gt Ay
H

]

Aoy 1o wet Q= wWFR7e Ao
Z|2A 0w f[U|EHe] WAATS Rurs FASteE AvEsl B84
=7 shsta B4 o&ESskA fnk wmebA frIEeE A Ave
QoFsto] Ardetd v 2

(1) 4] (Resin)

TAE 2oE PAste 24w HES £XE g8t A =Y
W4 (Durability) ¥ 7% (Strength) 2 W
of Xtjst &= =

(2) <F= (Pigment)

T8 H7tHEe G5 g HFAY(Color) B =HF (Opacity) =
Folsls FA 1 v S @3NV ZRSE 54 0% AEE

(3) &4 (Solvent)

A wRe A5 adse] FUF EREE WS 48L o
EE w0 Z4 A FBY eld RHEA A% 27 @}

=7 o Ry T P T )

gk A7t HarlTEe 5YHeR A8se Aol ok A%
neHow Agate] FHA WA5E FHF Fig. V-1 oA
F71=eke] 3 7H4 A7 5 debd At [4]

A, frlmehe Fed B @FeeRE S5aAE AYAle
BEd A)se FRTY S FARSE AAAE B A Y
ol e FAAES YL LAHOoT AAFORM FHrA 9
PANEE AN, e @AH R fU)wue] FHAA G FA
a7 ams AdAsE e Erhweth ot A HeH:
fr7lmmto] ) 9 vlo] A2 (pm)golal Lk el FE= vA
EAgeIY 713e FEl FRAor RAQEe] AR wolvt
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AR Agste] ofleM wHaA Weom WANRFIE =+
7197t BAE F45AAE FAoRFEH wodth =3 il
TAAEE Sayer) e FAAAL] HF oS AV HEol
gheha FA oA Vs ZHAAL Slof WAt SdEn

AR, FHaH gt Eere] 5

L | )
2Hgste] oF-2HE FA/AS] FFE W Aol BEgo] s
A3 A7138H2] kg s Abh sREAATE LA HI o]® lsto]
G0 FARtee] Hx Pl mep ArjH o SRl TS
HEo = Ao dojup:= Tukwy-sle] st JTFS Frl o=
WA S RA Bekd FEAA Afole] 9 Ao e TET
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1. Physicochemical Barrier
Water, Oxygen, lons

,\,\E Ré ﬁ Organic coating
e e
N~ R R
FSTESE

3. Adhesion mechanism

2. Electrochemical mechanism
Inhibition, Sacrificial action é é
Active pigment . . ____O__l
| | | |
2ol i i ]
o . et i oy

4 P e — b
[

. - S
Metal substrate
Fig. V—1. Schematic illustration of the corrosion resistance
mechanism by organic coatings.

C. (Coating capacitance) |

Change of capacitance : Calculation of the water absorhance
* Water uptake =* Reduce adhesion of substrate =» Continuous storing of water =» Exfoliation

R, (Pore resistance) I[ Pore resistance, Valuation of film defect

R ; (Charge transfer resistance) " Movement of electrochemistry ]

C ,, (Double layer capacitance) I Valuation exfoliation area

Fig. V—2. Electrochemical system for EIS.
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BEIHOoZE =99 %3} mechanism ©
AetAQd ARWS A& & Auh I olf= ZHre w3l #gH

S|
AHE T Qe capacitance ¢} resistance T #FE°] T
o

gEey] warolnh. olgh ol WHFUMHUAY(EIS)E Fupael] wE
HAEdAE SATOEAN Qs AA", 53] f7|ERe]l A4
w5 WA Ts drshedl AEsttc~8]. Fig. V-2 e f7]=5 ]
151k

5k EIS 9] electrochemical system o tfaiA YERY ST}

EIS + =99 X3t 345 & 49 vdshA 42 + A 8=
Agrolal FZFARl HolHE d& ¢ = AHol Unh ol olf=
LY 58 AN E BUHE EIS & ol&ste]l Ad 20 of dxt
sl ATrHAL U

(1) 7 492 g 7|z
A71A A JNde
|2 AR TES HIFE A4S By SR orE el

Alow yehd & gt
V=IR (1)

714 R & AFOm=S V ¢ 1 = AdWolt) # H5F(Ampere) &
olu] gt

e olefd #AE IEeA
AAZE B2 Al olRTh F
Adrto s AA dds olslishe

AHSSHAl ok I dAagt 2 AelA 1

v=i-R (2)
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o] #Ht}, o] Lot o= F=E A Ao AT HAFI|E L
IFIEE 7ET aovt v Tey FA17] B2 4719 982
aJs°] Ay EE IFIEU w2t b=t dydAs S 1T
Aol oajA WA= A7 SHCE AR wies S Azt
A6 wet 1 Z7)7F F140 8 Waeln 1 A7)E os a2

w(t) =v,,, -sin(er) (3)

714, wE Z+E X (angular velocity) 2% 1 ke f olt}. f

= 27T =
4o s S M= Fakoltt mRHI R AR 9L wi= Lo WAL
Oz Agstd vay g

i(f) = Vg) = T L) e (4)

R
o] A& 4 (¥ vluwa} A AF > AF R & kel w2k ALl
g7 sine ¥FE O dye A & F Yo F, ol T YED
el Ao T8 B SV ZF A7 @Eese] AAHUS AT 5A7)=
T M A=A & Alole] A4 =+ (dielectric material) & A9
eV wWEe HFIEp fds
4 (charge) ¥th. 549 F Q=

o=C-V (5)

o714 C = FA719 =A7]

ol 1 W= Faraday(F)OI\:‘r THIE
FGoA v e gto] 4 (3)o=E nd

HEZ FA47] FAEE A719 oF

Q=C-v_, -sin(ot) (5)

of ¥u, o] W T2+ AR AlRtel WE AV W3lo|mw

i(ty=dQ/dt=C-v__ -®-cos(wt) (6)
=i -cos(ar) (6)’
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ol #5 & 7 Utk o] AoEHRY i v C % o o v A
AFY #H2 cosine ¥FE wWErE HAYERTY 7/2 radian TEY
A& 7 Qltt o] Hol A s2& AF (A @)} A tE
Holt.

21 (6)7 (6) Z=HH

ilnax = C.vlnax .a) (7)
Q8 of 4 Qw9 WHOBIE = v/ R o= 4 (7] o5k
A7 Roll A Fo
XC — ‘fmax — 1 — 1 (8)
i _—GC—24C

o] B8 & F Q. A{IE QXY W= ARIE &
AgAy PFst=d ol T U= reactance 2 st 1 @
A3 w72 2 o]tk Reactance o= flolAl ATE s whel 3o
ZH7]125E A7]= capacitive reactance 8 SA7|E Qldto] A=
inductive reactance 7} Ut} 2 (R)EHE & + Y= AL wH{H3IE
QoA g AT =\ AT OGS S W= Tk [ 9 %
=A7]el \in] & st}

TFALES I Q8= A77F s25Y AFS et I olfe
w7 Sl weEk Aol vz = I o AFr dAdsH
witoleh o)e} 2 JAE 7= coil & FA7IE St L o7 F R

Uehdim 7 @9l Henry olth F3718 Fdstes A9+ =3 2ot
W(t) =27 - L-i(?) (9)

w}2}A | inductive reactance X =

_v() _
X, = 0 27fL (10)

of #trh. ojmje] i Aflel HlshiA 901 (7/2) FAIH
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o5 Al MM(AF, FA7], FA7D7F AEdE A ddE AF o5
A718F MR A EAlE dEHe e uehdn AR 3l
I E o5 AA9 WEFo] He 9] A2 g dfole s
e A4 AT o glorr FH47)e F4719 el dgae A

HEREZ) S15ke] M5 j(=V-1)F SN BlE S,
X=R+jX,-jX.=R+j(X,-X_) (11)
= e, ot 2

48 daAL 8 5 e

=

2

%

& =A7|9 §AVERE d& 3k
th webA o] #E el A scalar

2
O
5

o

X= R+ (X~ x,} (12)

o], o] ] 9|47}t (phase angle) &

¢=tan1[\/R2+(XCXL)2} (13)

R

o] gt} ol F 2 (1D yeEld yES F ¢ il
R 3 84 & X 5o 4 Aolddnt. olg e A5 “3xE Uehidd
cartesian ¥ ZF X (polar coordinate)? WAS WS £ gtk
AudA =4 AyE YeERd wl: cartesian WS Wo| AMgE R, A
(11)S WA cartesian WA o2 FdRA )23 2o},
Z(@)= 747" (14)
7F HEd o47A A dl 2 x #o® AFESta 4 2" #
y @Oz Abgsto] ARl el & Aes Ao T=E olgA A
e Z(w)gka FEAste] o] dyEAel e Fige deds
AAbgTE 7" e SRV Be 7] S ojuA skl wet
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y Fo () EE ()9 s vEdd 22 d3E SHIEER
FAE = Sl o] Agele
Z(w)=|Zle'¢ (15)
olty. 29 Aw7HA AME de= A& BY vha3 2ok
iz =(2")* +(z") (12)’
Z”
¢=tan1[—} (13)°
Z'
Z'=|Z|cos¢ (16)
Z"=|Z|sin ¢ (17
ol AZ#AE WS FTL&stn dFEA S Hel Hast 4&
A= AR ET olF e B wwAs Y Faa dgrolth
(2) ZH d9dxe 574 A
WHFYAEL FHL EAsuA st AV AA] a{idF £E
Age 7hstel A718e4d Aol FEYHE P& Q8AA 1 s
Aot Foltk. olgdA 54" FHEY EFH} S HAe e
WRAF T AGHe] HolE: FAste] AVt Al dYEAE
AQs. e SAo] AREHE 717 FIa " 1A
(Frequency Response Analyzer)i: "4 AEFS 71X = ARRIgE A7)
stsba] Al QU7beta I SHe Aok AHEA uE A7)Ee

7] (dielectric interface, potentiostat) &F #&o] 7+ ¥ 7% 3o}
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FH, I7bH = ARRIgbe= 7188 A 9] AlE (perturbation) & # 43}
st7] SlefA aFdpels AFuegE Jhefjxivh Fig. V-3 o F3
5 w471 dudAa SALYE JEddd. 54 e EA st
A71848A Aol wA AES THAE ARISE ATl A
AFaeZ 7heiA ZhelE ARIgeE B 9% (in phase) & 7HAE
AR 2 914 (out of phase)= 7= AEs F8dte] 7479 A3 E
SEAA Fu¢ oEAE (imaginary resistance) ¥ FiF SHAAE
(real resistance)ol W& WA gbs F34 Ay e AW F

AFE o e

ot

| O

of
o
‘
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|
- S(t) cos wi
| > - | -
[ Generator | X o / [ Im
: w2 cos wi :
° — i t
I 0 Sshwt T~ S X s(t)sgw f | | o Re
| — |
| |
L e B ~n 1 YD O e S O S o
x(®
Yy As®
System
under
test
- Im: imaginary part - Re: real part
- x(t): perturbating signal - S(t): cell response signal

Fig. V—3. Schematic diagram of frequency response analyzer.
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(3) HAAY S7t3 =29 d9da 54

7 dedt F4 Aol SIS R detolw A R)IY AVolF F
Cw 8 WH3IZo &AAT (R0l AEZ At 3|==4 Fig. V-
4(a) e} o] uekd =+ k. o3t SUEEE 7}?(]": ARES
AdIdA~ 54 A= Fig. V—-4(b) 2t #o] Nyquist plot “JellA Ry /5
Ao FAA "ol Ride] Fez EpdTh uhebA Nyqulst plot
Aol Re &k Rev= x F9 AHgro] |, vhe] H1 As+E Hed+=
3] AZF A4 (time constant) 278 Cy= 73 4 Uth

Fig. V—-4(c)+ +348k&el gato] #ojsh= A9 S7Fs| =l
HAREGo] gato] Hojst= A AP ddARl Warburg YW A
(W)7h =8k o] dudal Fuage] AFee 9531/ Jo )l
i stol, mebs gk AL E2 FITERT 93 T YA
HEE o

ARty oz Lo wHAIEA FAH ZHI:s= FA Bode plot I
Nyquist plot &2 YEFHAT Bode plot & T35 AT A7} ti4=2
FEAH7] "ol dEEe "WAAT AFaFol AFoFbA] HE

1o

L

Ty H199 dydAa #HstE yed £ St 53] dIdA grol
S A7) | whEl B Z O SR GIoE - RN T o] B
N Algbe] wE ddEA wWste] HlwrE Hoh old o]f  uliel
A RA g Fo] g A ¥ ATy & Fow Aol v
Al Eef o) gk dlA o= Bode plot & o] AR&3tt}, Bode plot <& 35l
TR (H e " FF5o AP HAAE FoAA F Mo 4
Zoel A EAISkE W ol
T H4EwWoR ¥AIEE Nyquist plot & Z2 F3¢ G oA
47 HA BN F U " R HHS RS wtEE Agels
AGFQEold NEFE W AgstA dEd = lnh dukzlow
Aol HAFRE R OSFHFE X g std A4 EFH UF
Ao~ 7= 2 (18) = A HTh
Z=R+ X (18)
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Nyquist plot & ZtF35(0) 5 detvHz st d9ux 7 (7] 9

ALEE R & FF, J5F X B FFo=E 39 Hagwdol linear
scale & ¥ A]sh= HMH ot}
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Fig. V—4.
(a) Equivalent circuit to present a simple electrochemical system.
(b) Nyquist plot for a simple electrochemical system.
(c) Equivalent circuit to present Warburg impedance.

(d) Nyquist plot for Warburg impedance.
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5.3 Ad

7t AR A=

AlEHAL 150x70%2.5(mm) 9] HR 23S AFEsI 1 4248 &84 &
sandpaper #220 & ©]£3}l%] power tool cleaning (SSPC—-SP—-3)<
AAstal 2E9AHE E3l mAWA "W olEdE AASSIH
18+2 % (Ford cup No.4)9 AExZ T8= vjgste] 25T, 40 RH% 9
3L A air spray WHOZE =& 3 30 #37FY setting AlZFS 7HR o
80TCelA 2 AZF FF AAARE AASY. dxLEE FA=
40~45 =z AAdste] 75 AsiAd Az el 3 dxhe) b st At
T3ttt A& acrylic polyol (T, 40C)3} Tone M100 % 4HBA 9
3 7 FFE ARSI, WAHJMEE ZPC (Zine  Potassium
Chromate)®} ZPM (Zinc Phosphomolybdate) % MPC (Metal
Phosphate Complex) & 772 Atz ol &3eto] ARE-siaivt. A
= ANAEHE Table V-1 o eIt Table V-1 ¢ =8 1-1 2
NNE AMEHE ol=Zd pEUEEse), ®WAHAsE ZPC st AMEH
ANdHegstal, ol A3 slol&E=EgA 2 A=A HAAE Hw

|Ego 2 AlAskalt.
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Table V—1. Paint Formula for Testing

Paint no.
1-112-112-2,2-3|3-1/3-2| 3-3
Paint formula
Acrylic Polyol(1106) | 39.0 - - - - - -
HS Tone M100 - 33.0 | 33.0 | 33.0 - - -
HS 4HBA A/Polyol - - - - 33.0 | 33.0 | 33.0
Dispers Agent 0.5 0.5 0.5 0.5 0.5 0.5 0.5
Rheology additive 1.2 1.2 1.2 1.2 1.2 1.2 1.2
Extender Pigment 10.0 | 10.0 10.0 10.0 | 10.0 | 10.0 | 10.0
Color Pigment
14.5/—{17.5/2|17.5/2 |17.5/2|17.5/2]17.5/2| 17.5/2
(Tio2/Iron Oxide )
Barium Sulfate 6.0 = 6.0 = = 6.0 -
Micro mica W—1 = 6.0 — 6.0 6.0 - 6.0
Zinc Potassium
6.0 = 10.0 = . 10.0 -
Chromate (ZPC)
Zinc Phospho
= 10.0 e = 10.0 - -
molybdate (ZPM)
Metal Phosphate
- — - 10.0 — - 10.0
Complex (MPC)
BYKO065 (& X #)) 0.05 | 0.05 | 0.05 0.05 | 0.05 | 0.05 | 0.05
BYK358 (ZHZ4A) 0.05 | 0.05 | 0.05 0.05 | 0.05 ] 0.05 | 0.05
Adhision Promoter - 2.5 2.5 2.5 2.5 2.5 2.5
Urethane Thinner 22771 17.18 | 17.18 | 17.18 |17.18|17.18| 17.18
10%DBTDL in EA 0.02 | 0.02 | 0.02 | 0.02 | 0.02]0.02| 0.02
Total 100.0 | 100.0 | 100.0 | 100.0 |100.0/100.0| 100.0
FA: A3A (by wt%) | 4.3:1 | 6:1 6:1 6:1 6:1 | 6:1 6:1
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t}. NORSOK M501 Test

NORSOK M501 & x=299°]° NTSNorwegian Technology
Standards Institution) 7} 7023t &k FRES Ao I QHo=E
HA 9 coating system Ao I EHAo] gitt. 132 NORSOK
M501 cyclic test & F7]%"to] sfctA 3 e 7k 2] 87 o
Z2HIYE WE EAS 7FS =3t Al O ® Fig. V-5 oA E& #is
2ol AA 3dAE FAE

H A ASTM G53(Standard Practice for Operating Light and Water—
Exposure Apparatus Fluorescent UV —-Condensation Type for
Exposure of Nonmetallic Materials)ell wa} 72 A7t 5l FE S
wast UV ZAF F3Ea ASTM B117 (Test Method of Salt
Spray (Fog) Testing) ] w2 QLT Aol 72 AIZF F<t 2183t o] &
—20EL2TCA 24 A TL ALLE T4 APl F3EH. AF T
919 168 AlIZF& 1 cycle & A F F 25Cycle (4,200 AZH &<t
HHEste] Ay H 1 Aol FRE Fof qrFel wel AlPA] corrosion
creep, blistering, chalking, rusting, adhesion W3t AEE H7}5}HA
Hoh[9]. ¥ A¥eA= F 10 cycle o] A= & wF JdIAIAHS

ol g3tel Eubel WASY U 755N Bt
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Table V—2. Measurement Condition of Electrochemical
Impedance Spectroscopy

Electrochemical measurement

equipment

Solartron FRA 1260

Dielectric interface 1296

Measurement solution 0.5N - NaCl
Measurement area 13.9Cm”
Measurement point 5/decade

Frequency range

100kHz~10mHz

Amplitude

AC 50mV
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ASTM G53 QUV test (72h) ASTM B117 Salt spray
# 4h (60T UV rad. test (T2h)
+* 4 (E0T) : Condensation + Continuous Salt fog (35%C)
» v
5

Low Temp. exposura(Z24h)
# —B0E2 T

Fig. V— 5. NORSOK M501 cycle test process.
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2}. Prohesion Test

Prohesion test += %999 industrial maintenance coating
applications & 93 /g AldHoT 7]Eo] AMEEHW salt spray
test(SST) Kt} AlFAdo] F2 AJgHo=Z ZFFFHTE  ©] Prohesion
test ¥ Ff7IE"o]l FHAGE} e FA A ZREHIS WE
DAL= A s AJEHO R Fig. V-6 o UeRd viel o] A& A<l
salt fog 7} o}d wet and dry cycle & FAE o] F71E2e] i 250
& e A= 525 Bo] wHRste] AE-3oH[10, 11].

Solution
0.05% sodium chloride
0.85% ammonium sulfate

Cycle
Salt fog 1h(25°C)
Pear{off 1h (35 C)

Fig. V— 6. Prohesion test facility.
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(1) NORSOK M501 test 9] {¥w€lA EXH3}

Fig. V=7 & 10cycle & 3= HAF system & A A H3}
(at 0.01Hz)E YEUAe. d9+=1-1>3:2>3-1>2-1>2-2>
3:3> 213 9 |go2 F|INelT SR otS HolErh 2 7R 9
EHHFE(FR F57, B4R T g8t B o7k el S A
Ztzko]l warof whel gEs] Btth Fig. V-8 o+ 2 -1,
& » WH3tE YeRfSlet. Tone M100 Ao ZPC,
ZPM, MPC & Hl&ste] 74 wytse] dss #ld ¥ A7 ZPC
(2-1)9 ZPM (2 -2)2 10 cycle ©] A3 3ol = 10°QIAHE F213HH
H2dt Ase A, MPC (2-3)v %27 9¥dA 10°QelA
10°QTH A 2 2k A% Astsw 7hd Axs 4 sS Yeri
Fig. V=9 9A] Fig. V-8 3} frAletAl 4HBA =4l 3 74 WAHIEE
Hjglsto] Ads Ax ZPC > ZPM > MPC £ & A%o] 9535kt
TA & Tone M100 & AH&3st Algdd = @2 MPC(3-3)7F gHrd
AgHae] dydAars 107Qolde®  fX8s FAgdt. tggow

FT79 Al ZPC & WHetasg FUIA AFES AdH] A9 A
W3S Fig. V-10 9] Yelidet 2 A3} Acrylic polyol (1 - 1) > HBA
(3-1) = Tone M100 (2 -1) 22 ¥& dvdAs FA s}
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Fig. V—7. Change of impedance magnitude (at 0.01Hz) of all
systems exposed to NORSOK M501 test.
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Fig.V —8. Change of impedance magnitude (at 0.01Hz) of No. 2 - 1,
22,2 3 exposed to NORSOK M501 test.
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Fig. V—9. Change of impedance magnitude (at 0.01Hz) of No. 3 - 1,
32,3 3 exposed to NORSOK M501 test.
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Fig. V—10. Change of impedance magnitude (at 0.01Hz) of No. 1 - 1,
21,3 1 exposed to NORSOK M501 test.
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(2) Prohesion Test

Fig. V=11 °] #AA system 2 Prohesion test (17 cycle)o] <3t
A A WH3ltE e 2 system = 1-1>3-2 = 2-2>2-1
= 3:1>2:-3 =33 «wlZ 2 dIAdAE FAsIN S 71719
HAetg 2 Blwst Y-S Fig. V-12, 13 o ettt 2= AboA
B 4 3%0] Tone M100 & FAZ AR A dIdAs= ZPM
(2-2) > ZPC (2-1) > MPC (2-3)%2=Z o YJeuda, 4HBA =
FA R AREE A¥#A w3 ZPM (3-2) > ZPC (3-1) >
MPC(@3 - 3oz dyda HstE vt NORSOK M501 test &b+
22| Prohesion test °|A+ ZPC Xt} ZPM o] HdA 5o ¢ 4382
gelst & Qo ggo® ZPC & WHARE AMES 47t FAE
w3k A5 Fig. V—14 o] YeEFSITE Acrylic polyol (1 - 1) > Tone
MI100 (2-1) = 4HBA @B - Doz E2 dHdrE {A 3T
Prohesion test 9|4 %= NORSOK M501 test € A A3E e S
g = Ut
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Fig. V—11. Change of impedance magnitude (at 0.01Hz) of all
systems exposed to Prohesion test.
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Fig. V—12. Change of impedance magnitude (at 0.01Hz) of No. 2 - 1,
22,2 - 3 exposed to Prohesion test.
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Fig. V—13. Change of impedance magnitude (at 0.01Hz) of No. 3 - 1,
3 - 2,3 - 3 exposed to Prohesion test.
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Fig. V—14. Change of impedance magnitude (at 0.01Hz) of No. 1 - 1,
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Fig. V—15. Change of water uptake of all systems exposed to
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Fig. V—16. Change of water uptake of No. 2 -1, 2 - 2, 2 - 3 exposed

to NORSOK M501 test.
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Fig. V—17. Change of water uptake of No. 3 -1, 3 - 2, 3 - 3 exposed
to NORSOK M501 test.
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Fig. V—18. Change of water uptake of No. 11,2 -1, 3 -1 exposed
to NORSOK M501 test.
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(2) Prohesion Test
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Fig. V—19. Change of water uptake of all systems exposed to
Prohesion test.
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Fig. V—20. Change of water uptake of No. 2 -1, 2 - 2, 2 - 3 exposed

to Prohesion test.

161



0.36

0.30 1
X 0.24 1
~
S
) M
—Qé 0.18 1 e g e
£ At
-
3 0124
©
= /
0.06 1
] e 5o
0.00 4—/—F——7—— T RE & T T T
0 2 4 6 8 10 12 14 16
Cycle (weeks)

Fig. V—21. Change of water uptake of No. 3 -1, 3 - 2, 3 - 3 exposed

162

to Prohesion test.



0.08

0.06 1
SN
~
S
)
—Eé 0.04 1
(@)
)
o .
G B ="
= 0.02 ./I/"' o Ak s
0 A
gy 0
° ° 0/°/././.
0.00 +=— — T T T T T

)
o
B
=N
o0
S
o

Cycle (weeks)

Fig. V—22. Change of water uptake of No. 11,2 -1, 3 -1 exposed

to Prohesion test.

163



5

o ATelM s Ao FA e AR E ARESte] AxT vuAdE
22 Ad AgREe =ndes dAVistetd AldRel o v
A =

7}, NORSOK M501 % Prohesion A8 ZA3 Ao Jdud A A3 =
Ak ola8 EZE& FAVF AUFeR tE F FF stolE = A
EREY e des Bl

U, =2 & F5Y wgted mEd sfolEym A7 AUk opad
Y& FAEER Bi = F5F°] g8 24 F 3.

o, T T79 dtol&e= 44 Tone M100 ¥ 4HBA & 99dA 2 &
FFE EFeA AR 244 deS UErigith

2, AZHA| FFLL. ' WSS Ul =<5 QAR A
MPC (Metal Phosphate Complex) 2] B A 50] 713 A xS dlst 4
A3, ZPC(Zinc Potassium Chromate) 2} ZPM (Zinc Phosphomolyb
—date) 8] WA AR 23S dUEdsit 2 AFe] A3z Ry
ZPMe A =A dA As5=2N JlsAds ST F U3, A
S8/ aHHoRE F8E F Uvdes AYE 5T

164



7 E3 [Literature on Reference]

[1] C. G. Munger and L. D. Vincent, Corrosion Prevention by
Protective Coatings 2nd Edition (1999).

[2] Clive H. Hare, Protective Coatings: Fundamentals of Chemistry
and Composition (1994).

[3] Clive H. Hare, Paint Film Degradation: Mechanisms and Controls
(2001).

[4] J.R. Davis, Corrosion: Understanding the Basics 363~405 (2006).

[5] J. H. Park, Ph. D. Dissertation, f#@EEOBICHIEDOE=4 1 7"
& BEA O M BT 5 B, R TERKFERZER, fin, HA
("FEE154F).

[6] G. W. Walter, A Review of Impedance Plot Methods Used for
Corrosion Performance Analysis of Painted Metals, Corrosion
Science, 26, 681~703 (1986).

[7] A. Amirudin and D. Thierry, Application of Electrochemical
Impedance Spectroscopy to Study the Degradation of Polymer
Coated Metals, Prog. Org. Coat, 26, 1~28 (1995).

[8] E. Barsoukov and J. R. Macdonald, Impedance Spectroscopy
Theory, Experiment and Applications Second Edition (2005).

[9] NORSOK Standard M501: Surface Preparation and Protective
Coating, Standards Norway (2004).

[10] JAGUAR JNS 30.16.15, Prohesion Corrosion Testing, England
(2002).

[11] ASTM G85 - A5, Standard Practice for Modified Salt Spray
(Fog) Testing (2006).

[12] EIS: Electrochemical Impedance Spectroscopy, A Tool to Predict
Remaining Coating Life, JPCL February (2003)

[13] F. Deflorian, L. Fedrizzi, S. Rossi and P. L. Bonora, Organic
Coating Capacitance Measurement by EIS: Ideal and Actual
Trends, Prog. Org. Coat, 44, 4243~4249 (1999).

165



AIVIZ
4 &

Chapter VI

Conclusion

166



Al VI A&

A & (Conclusion)

201y Eolvde mRe ZYETAet EEolaAloMdolE A skAZ}
Hhgstel A et 32 AT EE @Al =m0 vl
Frshal B Aol Adsith. By =R slol&e Edted uhE A
VOC3}IeL A8t Mgk H o o] 7heshy] wwel 348 249
HTE IYARR AEHHo7 I A4 oz dod

AR, ZY¢de Axrzue FgAA A
DMA % RPT 3000% FTIR To=% %
AgAY] REEAS EAFEH. of A3 Fviek EYE A F
Slo| ER A7) Y o S d g RSt shAl w ol mEh, 44 5 o
UJetiglen, Hh3 2% 2 oSuje] met Zo|AHE EFZ o] JHE
w=A Yesn g712 EFF=o] M =
& TAF sol=FA7|Y e mE

e RS % % Atk

S 0]8-3to9] Rheometer®}
FHE EdAMe FA 9

AA EA4483 DMA 2 Rheometer:

=4, 9449 67k EEE FA AAE ARESt 12FRF9 7Y
| g4 S8t 1 A3 Zede =59

sty B4 g
e BRAAEe Mg Fesd eTH: BYA, 8
gyl 7 FeleWE BHL AUL AUtk B FFE A%
FYe deishy £ oladohiolE AaAG WeH U= Eelwot
bmd EE FA7 SEAgon, a1 FAME W= Eelws
BAge] X T, W Ho|=EA Pl Re ofFW Eego] E3
FEAALE, Loy AR WIH FANLAR FoE mnel A1
WA, ZAE B, RN, W40 Sl SE RRg et 2A
$% BYRAES AFUOU, TPl @ob 2919 mmel 24X
Zwelx] Aol mlth Qv =Ee) e obznte FaA L75F AHSE

—
(@)}
N



H ofla¥ Ege TRV}

9

AR, 208 sto]&HE otad Her S50 FAL A - o= vl ®
X0 AL 7tsA AFRE Ads7] st ZYE FAE A
Agstdot. 2 A3 1Y 70wt% stolEYE ofad EFISES WHE
JWAIAl TAPEH 5~7%2] AF&3 A3 ©]& 4] @ —methyl styrene dimmer
1~3wt% AFE° =% poly dispersity #°] 3 oz F3 HyxE50]
98wt% o’ WAzt HHA, 44 AR WHgHo] ERgow AT
3to]l&8 = Tone M100, 4HBA, 2HEMA Ex™ ®HAolmd £
FAZ s Ae A 5 A% TA Y ARAFEIE o
AAA olgst Q1o ® Qs EEHEAJo] AstE O R o] wWE I
MAdst7] flste] shelEelE EElE FAY Sel=E4AV|e Jtuw AT
Aol F71e ¢ e ExrE WA A FlH o] ¥EEA S Rheometer
Z JRHAIZE 54 F o2y A oA g4 US54 9 DMAE
o] &t Astwutel T, & Qs Ay 4HBA WA sto|&EE BRSO
stol&E = EEolaAlobyo] AskAl  N36007e]  HEEA oA
st |yA7F oA B B2 Fol ek UEive dES

>

S

ol

Y&, 313424 SHoA A=A As53A49 7€ 2550y b
g4d3  oduyA7F w&  DBTDLel 7F  =AIYERSAL,  bismuth
carboxylate K—KAT 348 4 zirconium chelate K—KAT 4205 2o %

weEths 2e n3e 5 gl

A, B RN FE2AE RED 5 YES LT PEAST 5
o AYHL ARG 5t ASH WHFR A TejngolE 1



mica BaSO, A4 = T #E&sta, RkgAdo] ¢33 slo]&e]= HBA
WA 2 Tone M100 wWASlo)&gt olad Zg& X9 7]&9
= H,

& 4 EgE FAE ARES #4 WA
zetolntE AlxsHth 181l AIARE EolAAlotHo]E N3600=
ARgete] Az Zvs @A ASE aRAYEAYES) R ke
=skxlE Ad 2 WA ess Adsieidt. 1 43 HBAWA
O}ﬂaa%‘j/]% TAEY E57F stolE:Elw Bl vl ot =%

E  Tone MI100 wWAstolEYE  ofAd

il

Fas4d gYud BHol T4 a9d. wALE A3AgAAE
%Y AamendelEs slEe] WAMR AAARW|ET FAE
FYS 23 Yo 2L AT + AU

¥ 4T ARRRE 249 oiay

7H1:ﬂ—% Sk ,/;: O]%—r E}\]oﬂ 1:7&} /\]_/_\_Eﬂ

169



A study on the Reactivity, Performance and the
Evaluation of the Corrosion of 4HBA Modified

High Solid Acrylic Polyurethane Paint

SEOK-HWAN SEO

Department of Industrial Chemistry, Graduate School
Pukyong National University, Busan, Korea
(Adviser by Professor C.S. Suh, J. H. Park)

ABSTRACT

2 components polyurethane coating is generally often used for the industry due to
its excellent performance and workability by 3 dimensional cross linked chain
structure that is built from the reaction between polyol and polyisocyanate.

Viscoelasticity is measured by rheometer, DMA and RPT-3000. Reactivity using
absorption peak is measured by FTIR. As a result of this test, reactivity of polyol and
polyisocyanate is affected by catalyst, OH values and chemical composition. In result,
polyester is the fastest and alkyd is the slowest. Acrylic polyol and polyester modified
acrylic polyol reacted differently by the temperature and catalyst. And the more OH
values are high, the more reaction rate is fast. Thus depending on what kind of
reactivity and film performance are selected, many problems that are difficult to apply
on work site can be resolved and improved.

12 kinds of mixtures made from 6 kinds of polyols and hardeners are measured for
dynamic viscoelasticity by DMA and Rheometer instrument. The test showed that
each polyol has different mechanical and chemical properties. And this result can be

practicable for resolving the painting problems and developing the paint technique.
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As a result of this test, mechanical property of No.2 alkyd polyol and No. 6 acrylic
polyol with reaction of aliphatic polyisocyanate Desmodure N3300 is the most
excellent. The high molecular weight of alkyd polyol and high T, and low OH values
of acrylic polyol has excellent mechanical property. In case of polyester, it has good
property (reactivity, mechanical property, adhesion and anti-corrosion) with aliphatic
hardener as a primer binder but it is defective as 2 components painting system due to
its short pot life.

No. 9 alkyd polyol with the aromatic hardener Desmodure L75 has better adhesion
and anti-corrosion than acrylic polyol but dry time is a little slow to be used for 2
components painting system. And alkali resistance (5% NaOH) is good but a little
less than acrylic polyol. No.6 Acrylic polyol paint reacted with Aliphatic hardener
"Desmodur N3300" has a good result of a mechanical property, hardness, weather
ability and heat-resisting property in order to endure in exterior, therefore, Desmodur
N3300 is decided as a optical binder. I can cook 70% high solid resin measured 3
poly dispersity Index A 98% conversion that is applied as 5~7% TAPEA initiator,
1~3% of methyl styrene chain transfer agent and various monomers. After that, it is
composed to high solid Tone M100, 4HBA and 2HEMA monomer modified acrylic
polyol resin for paints with 10~20 Poise of Viscosity (25 C, Gardener U~Y).

However, a property of film is going to be deteriorated due to low molecular
weight of resin. According to a this result, for making reaction speed up, when Tone
M100, 4HBA, 2HEMA etc, which can be a bigger molecular weight in bridge-
building, are modified, then the urethane bonding reaction is measured by rheometer
for Pot life(Gel time) with the store modulus of elasticity G' and loss modulus of
elasticity G".

According to a measured result of T, of the film by activation Energy in
ARRENIUS formula and dynamic viscoelastic with DMA. The reactivity rate of
4HBA modified high solid acrylic polyol with others as well as has low activation
energy among K-KAT 4205, K-KAT 348 and DBTDL used now. The K-KAT 4205
and K-KAT 348 are shown the high activation energy than DBTDL.
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Anti-rust primer coating with poly isocyanate N3600 hardener is built by selected
three type of resin "Modified high solid 4HBA, Tone M100 modified high solid
acrylic polyol resin and general used acrylic polyol resin" after additing two pigments
" low toxicity anti-rust pigment 'Zinc Molybrate' so as to product metal by passivation
and make it better workability, another is mica BaSO, for malting film hard".
Through the Test of NORSOK M501 and Thermal cycling test, we can find paint film
how aging and Anti-corrosion performance by EIS (Electrochemical Impedance
Spectroscopy) in measuring difference of the color, gloss, observing a surface of film
and variation of an adhesion. A long period of time, HBA modified acrylic polyol
resin coating is a little bit worse than high polymer type but a bit better than Tone
M100 modified high solid acrylic polyol resin on a property of matter. In case of anti-
rust pigment test, it has a very similar property between the low toxicity anti-rust
pigment 'Zinc Molybrate' and a pigment 'Zinc Chromate'.

As a result of this study, we were able to get the basic data which are necessary for
applying 2 components high solid polyurethane paint and also 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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