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Abstract: Polyester/melamine cured coatings had been used for pre-primed coatings and pre-coated metal
coatings, because it has good mechanical,chemical properties, and mar resistance. But it has weak points such
as stiffness and low formability for making automotive components. Polyester had been synthesized using
polycarbonate diol of long alkyl chain which can improve flexibility and formability which is one of the
important factors for pre-coated steel sheets (PCM). In this study, strain and tensile strength were examined
by the tensile test and formability was examined by the drawing test. Also, Those polyester resins were also
measured by DMA to verify flexibility of cured coatings.
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Table 1. Raw materials of polyester resin

Materials Abbre. Chemical structure M, (g/mol) Supplier
Acid 1,4-Cyclohexane- 1,4-CHDA HOOC COOH 172 Tokyo Chemical
dicarboxylic acid
2-methyl-2,4-pentanediol MPD Ho\)\/DH 90 Tokyo Chemical
OH
. OH .
Trimethyol propane TMP HO\SC 135 Tokyo Chemical
Alcohol
o] 500, . .
I}
Polycarbonate diol PCDL HOF(CH,)a-0C 0f-(CH, ) -0H 800, Asahi Casei
m sors Chemicals Corp.
1000
1,4-cyclohexane-dimethanol ~ 1,4-CHDM HOCHr-OfCHZOH 116 Tokyo Chemical

(intermixing problem)®] HAYst= FAHE zkal Aok
[4-5].

MEA AEHI Y= 7]EZF roll coating processE
A3 A=A i =7 Aot A= A2 roll
coating processE ©|€3l= WHOE o Ax A B8
7} 7ol AR =REW, o mepa A W A,
ZEAAE AX 4T AFE A Ao 7t
Aol v8] =A% metal sheeto]2h= S=oll A pre-coated
metal (PCM)°|2} F21 o]Zd &5 AHEHE E5
& PCME =28 dHETH6-8],
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AL E=ohr] A HeE HEHI e Ax

J

o oj

AA vl
S48 9] pre-coated metal (PCM) =50l 83}7] ¢
st Egjo|ze/HEetnl 59 AYIAF MNH AFE
Tt ZEjol~E/de =59 PSS A
317] 913k long alkyl chaing Zal 1= polycarbonate
diol (PCDL)E At&sted Egol2H A& FAE3HA
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2.1. &Y M=

Ze]oll2EH Aol AR trF &=E2 polycarbonate
diol (PCDL)< Asahi Kasei Chemicalo| Al o E-A}&o]
500, 800, 1,000 g/mol®] 4| T/FE FH Utk 18l
o7F 4kl 1,4-CHDA ¥ o7} ¢3E&<%0 MPD, 14-

CHDM, TMP-& TCI (Tokyo Chemical)ZXE )3}t
ARSI T EEol2EH 2 FAd A dEE
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Table 2. Formulation of polyester resin (unit : mole)
PE-PC-500 PE-PC-800 PE-PC-1000
PCDL 500 1 - -
PCDL 800 - 1 -
PCDL 1000 - - 1
TMP 2 2 2
MPD 10 10 10
1,4-CHDM 9 9 9
1,4-CHDA 20 20 20

Table 3. Test condition of drawing test

Shape of punch Rectangular

Corner radius of punch (mm) 5
Should radius of punch (mm) 5
Should radius of die (mm) 5
Size of punch (mm) 30 x 30
Size of PCM (mm) 100 x 100
Drawing height (mm) 30
Lubricant (mm) PP sheet

GPO)= A9 A9 B+ EAF E #AF S8
Tl A =40 g FERE AT FAE £
of| 2E] A& tetrahydrofuran (THF)oll =4 0.2 pm poly-
tetraﬂuoroethylene (PTFE) syringe filter2 HAE & =
AT 35°Ce] 2E5oA <4 1.0 mL/min®.E THFE
9 RUHA R A FH(number-average, M), &
P EA2F(weight-average, M,,), polydispersity index
=1

Aateinh,

Ay

_lm

2.4. FT-IR 241

Zelol =8 A &4 Wl Z%¥ PCDLE £1lIs17]
& FHRMo]E 18 932 1,720 em’F 1,240 em' S
FR-IRE #A3lgth 7lRU0|E 1§ ®AS FI-IR
6100 (JASCO, Japan)Z ZA 3}t

25. HEH

DMA (Dynamic Mechanical Analysis, Q800, TA Instru-
ments)E AH&-8te] A3t =ute] HebdAQl SAE 54
stk Al el 271= 2ol 10 mm, HH 6.0 mm, F7
0.50 mmZ A Z35l%H S M, tensile modeZ frequency= 1
Hz, strain 0.3%% A3}, -60~150°Ce] HLlellA 3
°C/minZ 52 A7|AA A3

74s} ko] A E EA4J-2 UTM (Universal Testing
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Figure 1. Procedure of drawing test[7].

Machine, Z010, Zwick, Germany)E A}-83to] sz}
o] JNFAFTES H7IetAth AlHe 27]+= 2ol 20 mm,
Lﬂtﬂ 6.0 mm, F7 0.50 mmE A3, AF =4
S X 25 £ 1°C, HE 50 £ 2% RH. dtollA & &

= 10 m/mingE AAFAZE 9 AAES Hr)slgo)

2.7. Drawing Test

Gl Z3H0.8T) Ao &AIZ f& T3 22 o] &
A& &A & barcoati22E =HFE 3 F AFHIELE
ANA AstE Ao, Ast 210 PMT 245°C, 30 s
o]t}

Drawing test= Z#H & AR8-3t Figure 139 22
el 2 A ASIH AL, drawing test 2712 Table 33 22
™, drawing height= 3 mm, drawing speed= 300 mm/s
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3.2. _l?_)\-l

“@r*é Eﬂoﬂ*a FA]9] FT-IR ¥4 ZA3}+= Figure
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ol "7}?}011 wel Fol2H FA Yol AgH 7}
HUYolE 728 939 1,720 cm” 3 1,240 em'o] =7}
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Table 4. Characteristics of polyester resin

Property PE-PC-500 PE-PC-800 PE-PC-1000
Number average M.W. (M,) 4,620 5,220 5,940
Weight average M.W. (M) 12,150 15,080 16,750
Polydispersity (M,/M,) 2.63 2.89 2.82
non (mg KOH/mol) 28.8 274 26.5
M,/non (g/mgKOH) 160.4 190.5 224.1
weee PE-PC-1000 1000
-~ PE-PC-800 —o— PE-PC-500
—— PE-PC-500 PE-PC-800
—+— PE-PC-1000
1720 cm™ 7 ™0
[\ 1240 cm™ =
' E
-3
S 5004
s
(]
g
S 250
T T T T 1 0 !
1800 1600 1400 1200 1000 -50 100 150
Wavenumber (cm™) Temperature (°C)
Figure 2. IR spectra of polyester resin. (a) Storage modulus
2.0
0 —o— PCDL 500
0 PCDL 800
+:E-zg-§gg il —— PCDL 1000
g | [=—=—PE-PC-1000

Stress (MPa)

T I
1] 50 100 150 200
Strain (%)

Figure 3. Stress-strain curve of polyester/melamine coating.

St AL ¢ 4 AUTH PCDL BATO] Z7heto] wf
g PCDLO] 23 gl FhRuo]E TFo] F7hsa
o2 Qls| Beloj 2B £4 Yol HUOIE 1F @
ol Z7kek47] wEeITH10).

33, AEE
AAAE 9D AAE Hr} AFE Figure 37 Zom,
A A= 5% Zk3 )& PCDL EA-go] Z7h3tol

HaspARt AAEE S7ehe AE

tan s

Temperature (°C)

(b) tan &

Figure 4. Viscoelastic properties of cured film according to
molecular weight of polycarbonate diol.

S YehAt. A1AES PE-PC-1000 > PE-PC-800 >
PE-PC-500 <=Ajo]m, PE-PC-1000-4 g AlAEo
190%E dolA el 7Hd 3 AS ¢
At

o= Table 4914 Hi= ufe} o] FZg o E 44
o} A3lA ko] Vtw AFS o v]|sl= Mu/nondkel S7F
stal 7t ARt Abele] A7t FUHgel wel Z2ll
2H Fx¢} "@einl FskAvE dgste 43 U=t
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PE-PC-500 PE-PC-800 PE-PC-1000

Coating failure and Coating failure and

Good

delamination delamination

Figure 5. Formability of cured film according to molecular
weight of polycarbonate diol on GI substrate.

Z2:847] wzolt.

34. HEHH AS

ZgolzE A =59 FEA AT 4 dAide=
Figure 49} 2T}, Figure 4(a)oll A B vke} o] 71 A&
TZE Zt3 9= PCDL EA3Fo] F71g el we} stor-
age modulus= ZH4dhe APdS Uitk U3 =5
E PCDLE AHE-SFAAIRE EabgFo] F7gtoll whet A
8% PCDL #gol S7Fet7] w&elH, o]= <18t
7Ast =e AA| o] FAAoel A FFEATES & F
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3.5. Drawing Test
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XS HrEslr] 918 drawing testE A AT
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Figure 6. Correlation of crosslink density (My/non) with
glass transition temperature (T,) and elongation.
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