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Eco-Friendly Acrylic High Solid Resin and High-Solid Coatings for

Automotive with Excellent Scratch Resistance

Chan-Nam Park

Department of Polymer Engineering. Industrial Graduate School
Pukyong National University

ABSTRACT

Higher solids have introduced new dimensions of complexity into the
formulation of coating systems. High solids coatings are prone to surface
defects due to high surface tension and excessive flow during the
application and curing process. High solid coatings also require a higher
concentration of functional groups which created problems in stability and
cure response. And most High solids coatings have low molecular weight,
it cause poor properties of coating. So a procedure has been developed for
grafting € - caprolactone onto a low molecular weight hydroxy acrylic
polymer in the presence of dibutyl-tin oxide. High solids coatings
formulations base on graft polymer(cure with melamine resins) exhibit
impact strength and flexibility superior to that obtained with either the
starting acrylic polymer. In accelerated weathering, scratch resistance, the

durability of coatings based on the graft polymer is intermediate to
coatings obtained from high solid acrylic polymers.

Key Words : High solid, Scratch resistance, Acrylic resin
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Table 1. Various Environmental Problems and Regulations
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Table 2. History of Environment Regulations in US. and Japan
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21. 23A=

=23 A o] AFEE MonomersS 2% AAE 19 AloFE AHS sh3lew
caprolactone acrylate monomery Y29 Diacel Co. oA FFdE= FM-4
2 A}£39). Initiators Akzo Novel Chemical AtollA &35 3t= AIBN
(2,2' -azobisisobutyronitrile) @ BPO(benzyl peroxide) 98% =123 Seki-A
Tochem. Co.9lA &3 Luperox-Plteriary-butyl peroxiate, ©]3} L-P),
Luperox-26 (teriary-butyl peroxy-2-ethylhexanoate, ©]3} L-26), L-269]
butyl 7] & amyl”]2 X 83+ A%< Luperox-575 (teriary—amyl peroxy-2-
ethylhexanoate) 5-& AF43t%th. Chain transfer2% Goi chemical Co.9]
AMSD-GRH(a-methy! styrene dimer)& AH83}31.2.9, 7]8& vl Tokyo
Kasei KogyoAte] MAK (methyl normal amyl ketone)S AH&3Hth
TEAZE 93 Y82 acrylic polyol FX= LFE 64 wt%el 2.0%¢]
hydroxyl contentsZ 7FA+ medium solid type® 2 Akzo Novel Chemical
AL Setalux 1760 VB 64 grade® STDEEO] Al&3tdrh 7tuA|Z+
CYTEC AF9} CYMEL 303 grade2 934 &8st o3, CYMEL 3032
6719 #5712 7FA 2 Y+ highly alkylated melamine formaldehyde type
°] HMMM(hexamethoxymethylmelamine) 2.2 W&ol 58 1FF 98
wt%o] HEZE  2600-4,000cps/25C¢N H/SE resinolth. ®vute] &A=
BYK-Chemier}2] BYK-325@ AAFE, UV FFA9 UV A==
Ciba-GeigyAFe] TINUVIN® 400, TINUVIN® 292 HA|ZF gradeE AH&3}



Aot vEFHHAE CYTECAHS] CYCAT 40402, #718ulEe AloFF9
alcohol A1 ¢} hydrocarbonZ| & A}&3}¢) .

2.2. #AFA

H/S acrylic X%t %7} $H(Addition polymerization)oll 3] AF<to] A]
gAY, FA g 72 AL HE 859 59 BA4S 7 stg
NV=80wt%, OH%=35, Tg=15C2 Al4tstd T} FANA Axstgon,
FTHA AHEHE f718ve A HAE2HA £81Fo] 3 chain transfer]
TE 45 Ad MAKE AM&3rh vH&2%E 115C00A 1452 ®¥isls}
of vl AE3ATE Monomer EFN9 FUZTE 3XHOZ 83 aging
Aoz FAsA AE3AT. P PHEBL oA EY L3 A
5 =2 d43 FRee SAERE o4t AW 40T
SmmHgol Al At AEAIA 9 449 acrylic 3 69 TFHAE AY
o Scheme 1 1A= ol F7) &4 AR acrylic A9 F24< ey
Ak 71 FFFANA A3d xuke unte g Fstatr) fs 4

o] #5A Rxv¢l FM-4(caprolactone acrylate monomer)g E¢)3l8 o
,

=
S
1
w

o

FE9 F7H & HAYxo 2HE 93 AMSD(a-methyl styrene

Kl

dimer)& =Q&AEYY FM-40) H$ 71Z9 OH groupd o] 714
54 monomerel 2-HEMASO| e-caprolactoneS =43t §aAXL =y
stk Rolv, AMSD 71£9 mercaptaniiol] vls] HA9 A3dle ma=

HAA ek Y NP RNAMY 2 ExHS FH T 4 Y3 mercaptand ©}



Hol W Zdshd ST 23} Scheme 2 A= AMSDO] whe
AU dal 2o)Fa dk” Scheme 3 o1A1= AMSDS} iy e 2
WA oz V& JHd del AFEH3 E mercaptan® 33 Q= &
=9 chain transfer24 A&7 71 dAYZ) ds JeEb A} Scheme
3.9 (D3 (2l vebd B3} 2o o] EFEESL chain o] ey
e ¥ Qe 38R chaindt ¥--$349) mercapto &bt Zo) Sk
chain transfers= 3134 chain@goll F4dAE& YAAzIG. Q) (Do
Ebdl 23t o] mercapto BHH) B RIFEFo] o) & A 2 polymerization
= JBABta elEe vhA] mxwe) o)FAFez AfHUAe AdojAzl
ok gujo] AJ9olE chain transfer agents2M e AL B 4 9=y
Scheme 4 9|4 & CCL(Carbon tetrachloride)®] WAUZES BoF3 9t}
= AEA BAZ ASE MAK & 9% 5579 98S 74131 9=
A5 Btvolrt. sAuk o]2)§ A9 chain transfer &I} mercaptan

b AMSD B3t wlwstE vln)ste] A 35 wAE Zatw g
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R—-(CH2-CH—-(X)-)n-CHz~C'H(-X) + R;SH

R-(CHz-CH-(X)-)n-CH>-CH2(-X) + R;S’

(mercapto radical)

RiS" + CH=CH-(X) ——— R;-S-CH>-C*'H-(X)

R1-S-CH2-C ' H-(X)+nCH,=CH-(X) >

Ri1~S—(CHx-CH-(X))n-CHs-C"H-(X)

Scheme 3. Transfer reaction of mercaptan

(1)

(@}

(3)

(4)



CHZCH*—- + CCly — CH,CHCI- + CCl*

O

CH,CH; CH*CH,CCl,

@ o o

Scheme 4. Chain transfer of free radical to solvent
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MA A= 24 powderd e AIBNI BPO¥ AAd el 1L-26 L-P 18l
L-575% A& slust@e=dl 4o 35 adel 83 AgAdoly w34
o2 Abgol AgEAY. Aol Hfol= butylAlgt amylAle] AAIAE A}
&= 71 butylAlel v} amyldl 7W A A= B-scission reactionol Al %
Hgoe wE
T wEe) 2 A 240 FdE BAE HolH, k&Y HF A
€9 FAdolv M a3 WFAA FRE MR F Ak =8, AA
Al AA L] FagFo] butylAlel vl BHdez ang HF FAAE 2A
F A4A AAY ol AEAZe 2 EAAJNE FFe a9E v F
t}. Scheme 5 A& amylAl 9}t butyldl 7§AA o] w2 B-scission®H-&-2] b
°]& Yetz A Scheme 5 9 (1ol vEbAd Rz Zo] butylAl /Al
Az dell o8 ZaH o] t-butoxyettlZe]l @t B-scissiontH§S A A 3
A= AAAE F2 t-butoxySH @ B-scission¥tgo] dojtriA

T

k2259l ol s H-abstraction® 2 JE Ao EAf

methylz}t o] Ho. 5 #ddd 2y & veAE 7HA gon 4
FAHol A3tk ol g Fa4d g FAFHo] AXW branch chaino] B
obxv HFE TR A = yolAA drt ofe] dia] (2)el o

Bt amylA] ZAIAIE Aol o8] & o] t-amyl @ujZo] Hr}h kAW
B-scission®¥t-go] wl-¢ w2 A AP acetoned ethyl LS AAIG
o AA A= F2 ethyl &ozz2 FAEY ojZ A BAA ethyl gr]zo

AP

A2 $948e Hasl A2tk @2} A] branch chain® A4 o

Aol A A AF FAFA BAR P¥} FEE 247 ANA

_14__



t-Butoxy radical:

CHj
B -Siccion
HC—C—0O*
Slow
CH,

t-Amyloxy radical:

CH,
B -Siccion

i
Ll CH3* + H}C_C—CH:;

HsCH,C—C—O*

Fast
CHj

Scheme 5. B-scission reactions of the t-butoxy and t-amyloxy radicals.

I
- CH}CHz* + H3C—"C'—CH3
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TAFALE Ao FAE FA37 Aste] ZA 47kA F, AAA EFF
(Table 3), 7§ AJA%¥(Table 4), chain transfer(Table 5), 8% &% (Table
6)F W2 3t 4¥& o). AL FFAAE Table 3.~6.914 =}
A et A48 A9 2384 FA9S 959 Perkin-ElmerAl 2]
FT-IR(Spectrum 2000)o.2 ZHAHsA 24%F 2 EAF EFEXFHL
ASTM D35296°1 €4 w]= WaterstAt2] GPC(M-410 DRI Detector)®2 =
ekt
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Table 3. Test Formula 1 (Change of Initiator)

Ingredient EX-1 EX-2 EX-3 EX-4 EX-5
n-BMA ! 15.00 15.00 15.00 15.00 15.00
MMA * 12.00 12.00 12.00 12.00 12.00
BAM? 1200 12.00 12.00 12.00 12.00
AAc ™ 150 1.50 1.50 1.50 150
2-HEMA 25.00 25.00 25.00 25.00 25.00
FM-4 * 10.00 10.00 10.00 10.00 10.00
AMSD 7 1.89 1.89 1.89 1.89 1.89
AIBN ™ . 4M
BPO ° 464
TB-POB 464
L-26 " 464
L-575 2 464
MAK *® 17.97 17.97 17.97 17.97 17.97

TOTAL 100.00 100.00 100.00 100.00 100.00

*1): n-butyl methacrylate, *2): methyl methacrylate, *3): butyl methacrylate,
*4): acryl acid, #*5): 2-hydroxyl ethyl methacrylate, *B6) caprolactone monomer,
*7): a-methyl styrene dimer, *8): 2,2'-azobisisobutyrronitrile,

*9): BPO(Benzyl peroxide, *10): Luperox-P (teriary—butyl peroxiate),

*11): Luperox-26 (teriary-butyl peroxy-2-ethylhexanoate),

*12): Luperox-575 (teriary—amyl peroxy-2-ethylhexanoate)

_17_



Table 4. Test Formula 2 (Contents of Initiator)

Ingredient EX-5 EX-6 EX-7 EX-8

EX-9

VOthers 77.39 77.39 77.39 77.39 77.39
L-575 2.32 3.87 464 542 6.96
Initiator/ Based on solid
) 3 7 5 6 7 9
MAK 18.55 18.15 17.97 17.80 17.40
TOTAL 08.26 9941 100.00 100.60 101.75
Table 5. Test Formula 3 (Contents of Chain Transfer)
Ingredient EX-9 EX-10 EX-11 EX-12 EX-13
Others 80.14 80.14 80.14 80.14 80.14
AMSD 1.89 2.27 378 5.29 6.80
Chain Transfer/ Based on
solid (%) 2.5 3 5 7 9
MAK 17.40 1750 17.85 18.20 1850
TOTAL 99.43 9991 101.77 103.63 105.44
Table 6. Test Formula 4 (Reaction temperature)
Ingredient EX-13 EX-14 EX-15 EX-16
Reaction Temp.(C) 145 135 125 115

_18_



23. 22Ax

T59 AlZxve AFAE clear vamnish T892 AFFAo|H ol 2.2 94
HA3td EX-13& ARSI 2579 7oA STD(Standard)$}t 374 2z}
224 high mixerE® o]&3t9 5M0rpmo=Z 2087 @whsle STD9}
EX-13P2 Alz=on, HF o= 360mesh filterE o] 43t} BeZe
TS H23 AUt =8Axe] MFFAAL otelo] Table 7 o A A3
thebLt gl

Table 7. Test formula 5 (Paint formula)

Ingredient STD EX-13P Function
TSetalux 1760 VB 64 60.0 TSAx*
New acrylic resin(EX-13) 60.0 TSA
EZYMEL 303 24.0M 24.0 Melamine agent
B. Cellusolve acetate 2.0 2.0 Glycol ether solvent
BYK - 325®@ ) 1.0 7 1.0 Levelling agent
:I‘inuvin® 400 1.0 1.0 UV absorber
Tinuvin® 292 1.0 1.0 HALS
Methyl alcohol 1.0 1.0 Alcohol solvent
Butyl di glycol 2.0” 20 Glycol ether sol;/ent
WMethyl amyl ketone 80 80 Ketone solvent
TOTAL 7 10(5.‘(; 100.0

TSA=* : Thermosetting acrylic resin

_19_.



24. N HAAx

A& 23T+ 20, 53%9] BdUFE stolA Az stk JAA BAHS A
9t R E A3 AL panel® ACT Laboratories. Inc A E <) CRS(Cold
Roll Steel)}& AH83l v} Panel size: 4°x67, 4“x127¢] 57 08TE A&
qow ZIAA B FA AHEd AALS vRFROZ sizex FYd)
EE A3 AFEE Fol7] A8 AP paneld] & 205 =233 A8S
dH o2 3t =L air spray HA S Fgstgon] #AI wubs

AE 471 98] Auto spraymation”] 7] & A}-&3F ).

=7 systeme HAEHA 2 9Fsd

1€t : Base coat =% (on primer surfacer coating panel)
E=2EAl 10-15mm (black color) or 20-25mm(white color)
257 : Clear coat =% (on base coat panel)
Eo5 A 40-45m
3¢A : 10 minute flash time
497 © 135C*20 minute baking (keep time)
ST@A 1 23c+ 2.0, 53RH% + 2.0 = A3toA 16~24hrs A3 £ 24
test A A
Scheme 6 3= hydroxyl”l& 7F# acrylic polyol resin® butylated

melamine formaldehyde 73<¢1 CYMEL 303 9] w+ewlAYUZSS ebd

_20_



791, acrylic resin® OH719+ CYMEL 3032] amino”]ol &% <lg = 4

Fe oleuA shwdtol YA

N(CH30R),

PY
E—COOCHZCHZOH Nl N
/k /I\

(ROH,C),N N N(CH;0R),

N(CH,OR),

)

%-COOHZCHZCOHQC\ )\ )\ __~CH;0CH,CH,00C 3
N N N
/ ™~

CH,OR

ROH,C

Scheme 6. Curing reaction between acrylic and melamine resin
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3. 4% 2 w@

3.1. A2 =497

3.1.1. /MR A 4

H= A= ASTM-D4016 ©l &3t w579 Engineering Labs. INCA}
9] Brook—filed viscometer® AF&3te] 25colA F3€ dijeln], PR
=& ASTM-DI259 o &3] 110TolA 122 59t baking® ¥ A&
w=&3te] Hlstdrh Fig. 1 o Jebd 2AA- XA FiRel o2 29
T Gl AAAL FHe AE monomerdtHE thv] 6 wt%E F Y3}
A Agste] v FAF dx2A Fd n¥YE div] AIBNH L-5758 A}
3 o] & MAAE AFES Ao vlE] 40~50%HE TS E3E ¥
FA%. 18 AIBNO A9 dx A3t Aol gdsht A FFeln
(Fx2 sl M= SwtZol ol A= powderd el &3y Aoz 84
of #A7F dFd + o] 223 H4¥FHE AdHAT. 94 A9 39}
2ol L-5755 M9 EX-57F A% A3k &yt & AL /A vkl A B
-scission®] G o8 W} chain®] Zol7F Aoz Folxdr] wii-<l
Aoz ol A L-PY A$ W] 57k b ANAY we ot /)
AEgo] Hda oz HojxE Ao AdHATh Fig. 2 o Jed AXY
AN A Efol mhe Fa)e] BaAF Jabel A AIBNH L-268 AHg 3 A
o 743 Hapggel AYon L-575% AH§e o] Amel uls) Batko] v}

a2 AL AA Al butylAlel vl tha A7) oz dddct
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L-575 AMAlAe] ghgo] wpE HFw A3t a3E AHE A= HAA
graFe] F7hgel wel Fxe A3t a¥E vHEE AR YEyden 1
A#4E Fig. 3 ol debdATh ol MAAL s57F FFel] me AR
go] F7HE S & & vk, A7IA JRAA FEFol 3%°NA 6%7HA FHE
AF, AE A3 Fo| 1 oo FEFFUtAAY HE At F o FoiF
o2 ®H7E ZA vebdt ole W A3 M= MANA sx9 F
7k7b menomer WiH] 6wt% F-ZolA JAlEER UEd Aow AdEy
thE APxPAME FARE vt vesch mels oy AgHE A
AAlE MAAl S 6% HAZAIZT Fig. 4 A= AHAA ol o
F2 B dig &S JeERAh ArldAME AAA FEFH =
gaFol Mot zo] AMAIAQ FHeFo] 3%olA 6%74A F7ME u Bz

gl

9]
Wst7t Frrstg o) oo)ide) WdAE AAA FEol Frhske A

v gxe) EApge] i eg WMEvt gle Aoz yEsT
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Fig. 2. Molecular weights of resins synthesized with various initiators
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Fig. 3. Effect of L-575 content on viscosity.
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Fig. 4. Effect of L.-575 content on molecular weights.
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3.1.2. Chain transfer® 93
Chain transfer?] %ol we Hxweo] watE 3437 98t AMSDY &
F2 3 wt%olAd 9 wt%z W3tatdrh Fig. 5 lA= chain transfere] &
o] We Hxe JFS HoFi k. AMSDY & Fel Tt & = A
T A &7t vldEste Frhske 2202 JEdTh o] chain transfer®
7} monomerti¥] AMSDS] HlEeo] Fobd & F AAE= A& v
B AgoAE 9% A4HE | HF & ZAUE slow o o] #FIFE
ALY ALl A= Aste] wFsp 3 v P Bk ohz WA
monomero] thd AMSD2] Adi& <l ko] 10%0l°d &3}l weh AA
Aol Fxo EAE FFL nE F Jdornz AdPdqM AYAAT

6 ol chain transfer?] o] @& FAF WS HepliNeH
Axdslo e Ao FA AE e & A webA EX-9~
EX-133 7 z7A3sto) -t 2] chain transfer®] &S HAA 7= A
= AMSDE &3-S monomer Y] 9% W 7HE a3t F Ao
Uelston olF HyoMe FUd3tA A &sArh
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Fig. 5. Effect of content of AMSD as a chain transfer on viscosity
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Fig. 6. Effect of AMSD content as a chain transfer on molecular weights.
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Mg ewd me RS PE WiE AMny Y WHers
918k EX-13914 EX-1674A¢] A@elME Fig. 7 A4 £ & %ol
LEE 115TolA] 145c2 WstA7|EA Hlws] 2 A3 w2
S35 2 FAREE AsdE Roz eyt odd Age, £/}
278 5 = AAAL wgy] Agke] Fobd AAEEO] olAH EF @
Qe qUA7} wolA weEEst weAuz yehie AYezn wud
g ma 195cR 2] AR Wl 24 vehd RS dAE S gl

b o] L-575¢] whztr] X9 RAYE ReE 1257 ~135C F-Zo4]¢)

rl

|

Al

it

W) 7 B £E UMY By EuT 2 9FE W

¢

o] EAS Hd Ft} 145C01 39 2xoAg wEe &2 AFRd MAK
9] boiling pointe) dHAI(b.p: 147C~154T)eF ¥HS5F-& Ao FTAZ Al
QA ZAh Fig. 8 oA w2 xo] & X9 A% WAsE el
b W25} FolA £ E Bagke] volAle Ae # ¥ F gloy o
w3 A AL wgy] 2x9 Azhe] dFo 2 AdHTy WEATH W
L5E y83 9 145t A9 Axrt 7P 2 e aAd

A Aol 257, 3=, 183 chain transfer?] & 9H$2% 5& 25 g
st of H/Sol 71 A3t =R EX-1322 MAAE L-575, MAA &
27 chain transfer AMSD9 &2 monomertlt] ZH7b 6wt%, Iwt%=
wigto] FAHY WgeT= 145t 7B ARES & & don HE 3
A 42 3= OH%=3.5, NV=80wt%, Tg=15CE3S 7FA 3 Atk
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Fig. 7. Effect of reaction temperature on viscosity
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Fig. 8 Molecular weights of resins synthesized at different reaction temperature
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32. 59 497}

Table 8 ol 2.3.91 ¢&te] z4zk Alx4d STDe EX-13P =859 A4S o
e Ath 718 STDAIE] vls] fAF AxolA x5 nJFE 20967
z7s900 ARAE] FAE Sl w, AAF HAgAR £F
A=z AN AL MU g 94 0%PE A VOCH FHE
A48 A2 F Atk oo wel 4 nPEL 6%l T =FA
G4 me ohe} uke] 9T 5 BAS) FHE AL 5 A Aoz
e VOCEEES ASTM D 396000 <174 (Dol Yebd Aoz Ao
o] 7)€ STDel Hl3] 20%018 #4asHE ERE Ao 2 AT 543
A B335 Taol APe Aoz btk

VOC(g/¢) = (100 - NV wto] &) x H]F x 10 (

Table 8. Properties of Paints of STD and EX-13P

a 2 ~ STD EX-13P
TP E(20T, Zhrs, wi%) 54.2 665
A=(F#, 20T, se0) - 8 60 B
4] Z(20C) 1.0012 10152
B Jﬁﬂlg(F#él 20°C 30sec, ¢ ) - - 777”12.87777 o 883
S YE (120T, Zhrs, wi%) 48.05 6065
VOCE# (g/£)/3MER - 42806 S =
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2o B4t

33.1. =99 71A4 4

Table 9 & T2 E23 EAd did g 7M1+ 2345S JEhSith
AlAe] MR zhzk STDS EX-13C2 ®7) 3tk =uhe] o, 7144 44
2 5 AFPLS whitedd silver colorE A& orH 7w HELS
black colorg #&3te] APt ZE P& ASTM F3to] 204
16~24hrs A3 A7l ¥, AAFRon A= Fig. 9 o depidy. =9
o] j#e STDl W& EX-13C7 $%37t2& fAbskAw ASTM D
39289 3l =A% BYK gloss—meterst ATI gloss—meterS %3 7] 4
A e By 2 AgA 2R g A5 AE ¢ F A ol H/SE

59 wmute] Ao EA4o] FyEo YEY A%z Bedth ASTM C 633

2
M
2
A
oAl
o
ol
=
lo
4
le-"
o,
rlo
=
H
K
e
o
ku
ol
sl
o
38
o)
)
N
sl
4
e
2

oy} 7d Azl mute] ABAAE w1 o AdE VIS AFH AY
FYstgtt =ute] X ASTM D 33630 oAt 4% ddA4% 2
Buchholder Indentation testery& ©]-& 3 Indentation oA = 7]&EF vl
st SABEAY A dded Ao eyt ol EX-13C7F H/SE 9
g FAR FAe BAY AR AT A1} FHdd =9ld e
-caprolactone monomer®t #o] TExHoE '84& F F Uv F49

monomer £9 FFoz AR Lol FAHAUZS Ko Frf
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Indentation® B 7}ah= dukaQl AMEAE (D)3 2oy 48 o=
Indentation width = 1~1.3,

Indentation = 77-1008 A A3 FAO 2 HEri

Calculation of Indentation = 1/Indentation width x 100 1)

wute] SRR 3 AFES HUMEE cupping A @AE BYK
EB-5317 cupping testerZ AF&# o, STDel ulsl EX-13C9 &4°] A
o] AR ALY tha dAQd Aoz JEhgth o] Ed H/SY ¥ A
monomer?] EPoz Q3 mete] AAZE o Ao WFAL AL
ASTM G 139 &3t Dupont? 3t FA7IE AH&Rer 71E3
EX-13C 5% #AE ZA#AE Roln AAFAC mFHIAeH, o=
EX-13C7F H/SZ A3 AwAZsts nasty] fa F42 FA0 @57
S ko] A3 mute] RS E Az A2 B A F3A
AHL ASTM D5229) %3t Conical Mandrel bending W22 HA|3H
om, 71&3} EX-13C 2% ARt wEEgon M A7 HSE
3 mute] dAAse F33 ARE A& F AATH
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Table 9. Physical Properties of Coatings of STD and EX-13C

g = STD EX-13C
R R (m) 13 5
#9(20° by BYK 9 %
Bea/494MDOD by AT 9982 %o/814
EESLT ‘ 100/100 100/100
ANAHRER1FLEF) - 100/100 100/100
AEAE HB HB
BEEE ) | B B
Cupping 60 63
i, —
E34 (35~4050) NO CRACK NO CRACK
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EX-13C

Fig. 9. Physical properties of STD and EX-13C coated steel sheets.
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332. 9 B¢ 333 54

Table 10 ol =99 B 3etd 54& Jeblidoh Hs4d 49& DIN
5001701 %3k 40T, 98% RH(Relative-humidity)Z 7 3tell 4] 240hrs &<
2AE &, AL 24hrs F¢ WA S =uke] e FFAAH 58 HIHE
202 STDS EX-13C 2% #AMs &9 Z#A7F vesd. Fig 10 9l
= UsA A8 F, AES vaste Jetddth Fig. 11 o= WasEF
A APAAE wwste] Jehdoh WAFEFE 432 ASTM D 2059
o] Z3he] 40T, 35% NaCl ZA3ke]A 500hrsES 4@ F uto] A
U 2ad 52 gue Aes 7€ AEY A F29 ARt JE
. JFH H8L (Weather-O-Meter) 2] Ali=(Xenon)ollA] A4 93 &
o] M A3tA EHFHE FASFNA FT2 APse T gHA dejus
ojg] 71z WalE 243 stgoen RE 433 L ASTM G 0] &3
o MBIl F 2000hrs B¢ AP F 2o 24hrs BAFHa
M8 APPon ot Aed BEAY, a3 FYFAES FHE
Ax 71 STDS 5% o9 #FA1e #5222 YErsth Fig. 12 o] STD
¢} EX-13C2l W& A5 AlHE vlwste] YehfATh

4

.|_4
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Table 10. Physical and Chemical Properties of Coatings of STD and EX-13C

3} = STD EX-13C

W54(40T, 98% RH, 240hrs)

22 100/100 100/100

WA e 435 R

it erer Good Good
WG EFA0T, 3.5%Nall, 500hrs)

& 100/100 100/100

ik B - ¥z

hligror Good Good
W} 34 (2000hr, Xenon) |

52 100/100 100/100

o A= 43 3%

Gloss retention(%) 90.0 90.2
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Fig. 10. Visual results of STD and EX-13C coated steel sheets after humidity

tests of 240hrs at 40T, 98% RH.
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R

Fig. 11. Visual results of STD and EX-13C coated steel sheets after 500hrs

40C, 3.5% NaCl salt spray chamber.
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Fig. 12. Visual results of STD and EX-13C coated steel sheets after 2000hrs

weather—ability tests in Xenon chamber.
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333. =79 J5A AdY
Table 11 o= =gt 7]5Ael izt 43 ARE L’rE}LHRiE}. Mar

o

resistance test® %% U scratchAd S BH3E IF2Z HAAE testd
Astg e, £ 3 279 g F71EE4E AR o =e3H vad
o Hdhste APt AP FrPlES ASTM D 51788 weh AA
s 1 A#E Fig. 13 ~ Fig. 16 ol Yehliddct. STDS v w3to
EX-13C7F #A 8t A Y 5% A E S5 A3E vEhdley 3718242 103
R AgdE 29 AAE e o= & N AFdAA JEhd
Ao At 2ol acrylic A9 F3 monomers AH&3ste] E=ue] AAA
S 29 AP AL ASTM C 28291 wa} HAF Acid Etch
resistance test™= AHABIY XNE Fol ¥3E o] Qe Akl gk xuhe] o
FH7L2 H.SO:78 NS A3 pH=1.0~40 FFo 2 Ao =do]
05cc® dropstel 59 H7hstArh Fig. 17 ¢ Fig. 18 dlA & Aol e =
ohol of g-S JehlQdth STDel Hl3] EX-13Co EAo]l {FAstAY &Y
3 AFE Yty ow, ol H/SE A3 AEAS 2 EHA3}E A
371 98l F4ol #57) FFE FUtet HF =99 MtWHUEES ¥4 &
A FRe AL Axz Baat'? 53] Aguie AF F5< pH=4.
0~53¢ H9 eldE A8 F&o| gl Ao vEhden, pH=30 o4
o] Fato g #ALFE muto Ate] odt BAARTL FolxlE Aow uEhH

=
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Table 11. Functional Properties of Coatings of STD and EX-13C

3 = STD EX-13C
Mar I‘eSIStance,GR%* —
705 725
as—prepared
ay 14 757
wet 69.0 70.7
After 1 cycle B
“dry 712 93
wet 65.1 66.9
After 5 cycle
dry 674 700
wet 61.7 62.2
After 10 cycle
dy 63.0 66.1
Acid etch resistance; _
pH=10 - -
pH=2.0 %wv :
pH=3.0 ; :
pH=4.0 - !

* (Gloss retention

**xAcid value
Grade 5 :
Grade
Grade
Grade

Grade

Grade

N W

O -

grade

No surface change

. Barely visible
. Completely circle visible, but not filled in
. Totally visible and filled circle

. Bhstering evident

: Removal of film to bare panel
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Fig. 13. Mar resistance of STD and EX-13C at wet condition.
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Gloss retention (%)

Fig. 14.
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Mar resistance of STD and EX~-13C at dry condition.
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10cycle

Fig. 15. Mar resistance test of STD coated steel sheet at wet condition.
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5 cycle 10 cycle

Fig. 16. Mar resistance test of EX-13C coated steel sheet at wet condition.
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pH=1.0

Fig. 17. Acid etch resistance test of STD coated steel sheet at pH=4.0~1.0
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pH=2.0 pH=1.0

Fig. 18. Acid etch resistance test of EX~13C coated steel sheet at pH=4.0~1.0
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i

4. 4

#4238 H/S Acrylic FAMNE S 48] 71E BA9) FRRAA A <
z2ol 2 12]3l chain transfer?] @FF WEL=E HH3 AA
EX-13¢] OH%=35, NV=80wt%, Tg=15C2 E4& A3 A= H/S
acrylic £AE AL F ATk £E o)F Acrylic FA& A& Ax

3 EX-13P 8 94 7]1& STD 2899 HagME 7t ZE 44

© 4 H/S Acrylic A7/ oA

D ANA Rl wE B4 vweldiE 71E powderd ¥ AIBNoih
BPO -12]3. 94/4<l t-butyl types] L-268t} 4421 t-amyl type ¢ 7HAl
A7d HSER A3 S5 AT

2) MAA Fregol F748 5 & H/S EH7E +5eH,

3) Chain transfer®] o] F71% & = H/SEHF +F 80

4) AA v el oo weeTrl FolpdFE H/SO &t xoibd

2 @ 5 99

TAd oJME H/S3 @ EX-13PE #4& EX-13C7t 7I€ STDe ¥l8
bakingAl %5 VOC#Fo| Ast=Aa, =Hhe] Al 2& S4lA
A ALY e Aoz velgth w3 Faol 439 e-caprolactone
monomerE #-g3te] xute] dAsE Aol = scratchdS FHAZ

F dglen FHF Tg, #57] FF& T7HAA JF =9 TtaEEE
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20%°] % %

FASN

2% F

de

Acrylic A9 A2 HF =89 VOC I&Fe
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2 @ o AolAE HoT HUSMSITHE Fdo] FHTTHE Aol F
Utk ok Aztmth Aok Algtel o B AolA RESAR
2004de ThE B 8 ARk =2 + Y= 5 A= B US| U
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