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Abstract: The most upcoming technical issue of automotive coating is the compact coating process. Pre-primed
coating is the outstanding technology eliminating electro-deposition and primer coating process. The main
properties of pre-primed coating for automotive are flexibility, corrosion resistance, and weldability. Therefore,
we synthesized the conventional polyester, elastomeric polyester and polyvinylidene fluoride resins and evaluated
their properties to use as weldable pre-primed automotive coatings. As the results of flexibility and curing
behavior, the elastomeric polyester coating was most appropriate to use for the pre-primed automotive coatings.

Keywonds: pre-primed coating, polyester, polyvinylidene fluoride, flexibility, curing behavior, automotive coatings
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), 7} FHoA FAxEE EAEC] TFH AsA
| ZHo 22X HF B4 AHEH1-3].

ARl At =T HA, ol =57 T (gal-
vanized steel ; GI), =3} o}A =T 7 TH(galvannealed
steel ; GA), Z7]oFd == electrolytic galvanized iron
; EG) & A 3 7k, 4% =dH34e AA
AE2F A A (car body)E e ¥, AT AA2TA
(pretreatment)= A 2 =ZHE-coat) = 5 Z(primer) —
o] 2T E(base coat) = FE=F 2] ZE(clear coat)
o] B A&HTAS ok AT =oe s
Het oldd S 74 FAS AT 9AE Uy =

of

ol

ol g AzxFHde
S Fugsiy, FHEANE HFHoZ &35ty
tod AFsAE AxHGA A= oA @AY =3
Z0]al XS “compact coating process”e] 71& 7l
e dsta ok ol#g 71 3 FH <ol roll coating
processE FEIT E4FH 7lEo] A ZFEs w1
ATH7-10].

Roll coating processt= =57} A2 O Z metal sheet
o =AEE= A2Ho R 1 =A% metal sheetS UF
of Bad weta A 2 Y, =HAAES AAH &
T AFCE SAHA ot 7hE Al vg =4"
metal sheet®] 2= Z=o 4] pre-coated metal (PCM)o]Z}
F2m o2 52 AgHE E85E PCME =8
gt B2t} o]9} Zo] metal sheet2 71E ol wlE
SRt g WAAE 9 7HEA, 7IE B4 58 B4
of Fofdts = 2Ho]l A ARk F-&3kA A
S5 ATH11,12].

o]# gt pre-coated =A| 2Bl roll coating process

g3t ulg] =4 metal sheetS AT 2 71
£ 2Asak AAet B FHE e s 35 =
He HAAYE A5 EA7V|EEA AA AsA A
Aol AEo] AREHI Yt} olet AAH V&R

A0 2 AF2k hem flanges Fo] WS
o7 913 pre-sealed E=FA| 2 Hlo] AA FY Mer-
cedez Ate] H zbFol A& Foll o 7|EY HA
g IAES AFL F Ae F8F VIeE Wit
Ttk Roll coating process©ll 2|3t =A7]&o] IR
= HXAH] AFak E-FGoA 4 d3)

AY TETHS A BHFE 4 U= pre-primed
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| 2 A A A A ol tig V2 9 Addst A
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Figure 1. Comparison of the pre-sealed, weldable pre-primed
and non-weldable pre-primed coating.

o]# 3} pre-primed E=ZAI2~El-S Figure 13} 7o) &
e 7IEeE F 7HA FHE ydth o] F weldable
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Holl AdoZ 899 pre-primed system= roll coating
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e A2RFAHH AV HAtEE T2 AAEFEA
2"E 7 AFE ¢ JHGY EFFAH Al
dolgt & 4 Aot

A 2 AFoA e &F ol THed AEAHE wel-
dable pre-primed =FA|~Hlol] AH&3}7] 93l B2
A Faddo]l 53 polyester resin B ©]E 7 3}
o FAAES SlsSt elastomeric polyester resine ¥t
Adstar, W83 83 AEo]l 93 polyvinylie-
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= Brrekanh =3 A4 9 #UAE 52 Ut
Fo 2 AFAE pre-primed =5 2ol 7HE A
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Table 1. Solid contents, acid value, OH value, and molecular weight of three synthesized resins

Sample SOII?\:::/I:;CMS (Ir\nzlig;allrlll/lge) (n?:Kvoall-lll/eg) M, M. MWD
C-PE resin 65 5.6 31 3,300 10,000 3.04
PVDF resin 55 3.5 28 6,100 38,900 6.35
E-PE resin 50 2.6 20 6,500 40,400 6.16

71&9 PCME E5E 7P wol J853 Y+ poly-
ester resin (conventional polyester ; C-PE)< pre-primed
ERA g BEE EA4S A FAE AASH
st TH13-15]. = A=A B F7hE A"l
A 7P Fa3 = fAads FEAI7I7] f1sk
elastomeric polyester (E-PE) FE|e] 2|5 XA A
sgom, mAtos WA4H Wy o B4
FEA17171 213+ polyvinylidene fluoride (PVDF) <=
A& A FAsATE Table 12> &4 E 3714 resin
o 7124 =4S dEhd Zeon. F3¥dE EAF
(number average molecular weight ; M) SZFHTF &
A} (weight average molecular weight ; M,) % FA}&F
3 (Myw/M,, molecular weight distribution)= gel permea-
tion chromatography (Waters 510, Waters 410 RID, Waters,
USA)E o] &3t =43ttt E-PE X9 %% C-PE
FA ol Hgte] FAHE Eole diildd EAFS F
AA BHL RedstuA e, BAg B9 A
I o3 AR dAE Ae s

22. =3 9 WHs x
Table 2= &/33 3%/ main binderol thd =
34%*3%5’-!15—]' 4 HIME Sletd AR =
5 S JUEhd Zolth. EeHEA HUHE S8 ARE
g 71A= POSCO C&CollA A4t 0.8 mm 771 €]
o} =7 FH(galvanized steel ; G T3} A=
7 FH(galvannealed steel ; GA) 2 ‘@047 & 3Hcold roll
steel ; CR)S Z+Zr ALt EHZA =9l HalE s
=4 0}7] A AlHe =3 Hc]'a 2 bar-coater (#12, wet
thickness : 27.4 pm)E ©]-83}A 0™, Table 33
Atz 72 AFuE2E(Automatic Ejecting Oven;
TSA-103, (F)ENEIA U &H)S o] &3t A A

f

2.3. ZEHE

C-PE, PVDF, E-PE =89 4733 EALS gelsta
A BARNAY &4 54 7(rigid-body pendulum type
physical property tester, RPT 3000W, A&D, Japan)E ©]
83t 948 Ase S5 AANIAY ELS
7] Z-& applicator (PCT-040, wet thickness : 40 pm)
g Agstel =4stgon, 9% e 30°Co A
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Table 2. Coating formulations of the three different coating
systems (units in wt%)

Contents

No. Name of Materials C-PE PVDF E-PE

coating coating coating

Conventional type  38.0

1 Polyester resin

Elastomeric type 28.0
2 Polyvinylidene fluoride resin 28.0
3 Polymethylacrylate 11.00 11.00 11.00
4 Kocosol #150 2.00 2.00 2.00
5 Xylene 3.00 3.00 3.00
6  Urethane hardener 0.90 0.90 0.90
7  Melamine | 2.20 220 2.20
8  Melamine II 1.30 3.30 3.30
9 Anticol yellow Typel 20.0
tint paste Type II 20.0
10  Anticol tint paste 20.0
14.0 20.0
11 TiO, tint paste
20.0
12 Catalyst 0.17 0.20 0.20
13 Acrylic resin 0.60 0.60 0.60
14 Epoxy resin 4.00
15 Phosphate epoxy solution 4.00 4.00
16 Kocosol #150 3.33 4.80 4.80
Total 100.00 100.00 100.00

200°C7FA] 10°C/min<]
Se3eE

E52 F2AZ F 200°Col A
FASFHA periode] WEE #E3Th

24. AFLE

A =E B7hstr] flsted 2o =855 oA
(releasing paper)oll =33 & H3AIA 2] = (free
film)S YHE1l, ASTM D-18225 383} 7 100+
5 um®] dumbbell 2] JAZAAE AFAHS THE
% AT =A7]e] U2 Texture Analyzer (TA-XTi,
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Table 3. Curing conditions of each coating in the auto ejecting

oven
Size Curing
Sample temperature Inverter Remark
(cm) (C) (sec)
CPE  h0x15 300 30 24
coating
Substrate: GI
cI:)Ztli) rf 20x15 300 30 26 Line speed : 60 mpm
£ Line length : 30 m
EPE - 50x15 300 30 24
coating

Texture Technologies Co., UK)E ©]-83ste] 7} A3t =
o JIAFEE SASAT22]. FHEEE 02 moy/
secE O™, 098 N Fo g2 QIFAZ|HA A%
A= B ARES Bl ek

2.5, FHAR

CR % GI, GA 3579 A& 7149 2#d3d= 9
ZyzZrol 714 ol =4F pre-primed =82 E‘:E%‘E
g SA357] st A7 E=A(pendulum  hardness
tester, Ref. 707PK, Sheen Instruments Ltd.)E AF&3}%
© ™ Konig method (ASTM D 4366)° wz} 23+ 1°C,

50 £2% A ZAH5HA

=

2.6. A=

ZIA kel FaEe AAEN TEOA pre-primed
TAAN2H O] 71 EAS ARG ¢ =23 2409
T}, Pre-primed =52 F2A45S H7FsH7] 218k pull-
off adhesion tester (Elcometer 108 Hydraulic Adhesion
Testers, Elcometer)& ©]83to] 3F/F< 7]1Alol (CR,
GA, GI) ZtZt =43 pre-primed EEA|2E T4
w3 e nx B

2.7. MEZL

Farg o vX= FEJAAE Flstr] flste] AEH
3714 71ZH(CR, GA, GD)2t CR 71A Sl =7= o] 73}
= 47}% Z8A 2~E)(E-coat, C-PE, PVDF, E-PE)2] A&7}
< AR A4 71A R =2 FW 9ol sessile
drop o2 ES "Hoxd & HEZ Z47](SEO
300A, Surface & Electro-Optics Corp.)E ©]-83}o] 23+
1°C, RH. 50+2% ZAA HE2& SA A

.88 ¥ nF

3.1. A3HS
Figure 2= C-PE, PVDF, E-PE =8 A| 28] I3}

R

Sk 4% - o))

0.8

200

Period (sec)

o cpe %

o PVDF

(Do) @anjesadwa |

Temp.
0.0 . . . 0
0 15 30 45 60

Time (min)
Figure 2. Thermal curing behaviors of the conventional
polyester, polyvinylidene fluoride and elastomeric polyester

d733t AsES FAHIL Aol
23 7(rigid-body pendulum type phys1ca property tester
; RPT)& -100~400°Ce] &= HoA L8R A5
B35t AFH =2A 5A4S BUHE F Ue AHlo]
o A2 %33-7451713 oj-&ste] FAHH= AE
29 E8]F EA F periode LEA EFS ritwd
sk AR 3190 Aol 14 S enanglemens)
53 0e 894 Ayl FUL BE aswA oE
2aa =Rl AETeR AskHolsie )
@°dﬂﬂ2§”LX”m-}V7°Wmn]%%

=

A AH Agutgol 15 Aozt & & Utk =S

748} 39 period®] Aol A3t Whgo] yH A
2 398 5 ok

PVDF E2A2H9 A% %

A 1A 7§§]rbﬂ'o o] dojuta,

Pﬂ] 21 2k 100°Col
°C FZoll A 2eA
iy o™ ¢F 20 min
e &dsdt. C-PE =
Zdskg-o] AIZFE AL
‘&801 /\l"—}% 5 7gNkgo] mEA 8o oF 30
min Fo] A3Hkgo] FREFJTY. E-PE =59 47,
W39l A& C-PE =5 AR o Alzto]
AAgTF ghgo] A& 3P o] 60 min FolE &
Hhgo] M AeS FsAnt =3 A A
% period 0|9 Aol JtudEY 79 A=
ol »‘— - F8&3 JAAEMN, o] F A&t
PVDF E59 7% 43 W3oluy 7tadE« 7}75L
e Zﬂii FelHgen 1 HdFo2E CPE =

m%é*

o,

-111
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Figure 3. Strain-stress curve of each cured coating film.
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Figure 4. Tensile strength and strain of each cured coating film.

7b 7P ETE F=A BRI AT R E-PE =8°
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Figure 39| -3-¥-¥H3 X(stress-strain curve)<= Hlal
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d C-PE =99 A4, A
S 2 PVDF =493 A 74,
C-PE =99 Aol AFE] oF 67%Z 0.6%
PVDF =tof Hlgto] o9 2 21 <& < ATk PVDF
Suke] A9, AEEC] A 1%% HA ol wi-g- brittle
gt =S A3 wiEol pre-primed = A ~H o
37 = oy e Aoz AGETh vhdel] Fa4
< SWiskgk E-PE =uo] Aol A A=}
°F 7.5 MPa® ZrAast ot AAES oF 110%E ¢
eSS 31T & AU AFECl 7V ¢

=
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Figure 5. Pendulum hardness of the three different sub-
strates (CR, GI, GA).

200

CR Gl

150 4

100 4

50

Pendulum Hardness (sec)

0

C-PE PVDF C-PE PVDF C-PE PVDF

Figure 6. Pendulum hardness of the cured pre-primed
coatings on the different substrates.
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Figure 7. Pull-off adhesion strength of the cured pre-primed
coatings on the different substrates.
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QTH = oAy FARAA 2 S
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