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Effects of Paint Composition and Conditions for Making Films on Melamine Resin
Concentration in the Surface of Polyester Films
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In polyester resin films cured by melamine-formaldehyde resin (MF), MF concentration in the surface of films was
measured by X-ray photoelectron spectroscopy (XPS). The MF concentration in the surface increased as the following
parameters increased ; MF concentration in paints, catalyst concentration, baking temperature (peak metal pemperature),
and film thickness. Performance of the prepainted steel sheets having MF enriched films were also evaluated. Stain
resistance and T-bend ability of prepaited steel sheets improved with increasing MF concentration in the surface of the
films. MF enriched films were found to have both excellent formability and stain resistance.

prepainted product ; formability ; surface analysis; stain resistance ; melamine enrichment in film surface; X-ray
photoelectron spectroscopy.
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Table 1. Polyester resins.

OHvalue | Tg" Molecular weight
No Type
mgKOH/g C Mn2) Mw3)
A Linear 8 18 19000 | 59000
B Branched 25 22 15000 60000
C Branched 40 20 4000 29000
D Linear 8 11 19000 56000

1) Glass transition temperature
2) Number averaged molecular weight

3) Weight averaged molecular weight

Table 2. Melamine-formaldehyde resins.

D § Relative reaction rate
No Type egre'e o.
polymerization without Under
catalyst strong acid
Highly
HM .
methylated 1.75 Slow Fast
1 High imino 2.30 Middle Slow
Partialy .
PM methylated 2.60 Fast Middle
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Fig. 1. Effect of weight ratio of polyester and
melamine resin in the paints on nitrogen
concentration in the surface of films ; Catal-
lyst concentration in the solid resin is 1.
Smass?, dry film thickness is 18xm, and
PMT is 230°C.
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Fig. 2. Effect of dry film thickness on nitrogen
concentration in the surface of films;
Weight ratio of polyester and melamine
resin in the paints is 7.3, catalyst con-
centraion is 1.5mass%, and PMT is 230°C.
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Fig. 3. Effect of catalyst concentration in the resin
on nitrogen concentration in the surface of
films; Weight ratio of polyester and
melamine resin in the paints is 7:3, dry film
thickness is 18um, and PMT is 230°C.¥
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Fig. 4. Effect of peak metal temperature in curing
period on nitrogen concentration in the sur-
face of films; Weight ratio of polyester and
melamine resin in the paints is 7:3, catalyst
concentration is 1.5mass%, and dry film
thickness is 18um.
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Fig. 5. Relationship between nitrogen concentration
in the surface and stain resistance of films.
[1; A-HM, & ; B-HM, O ; C-HM, + ;D-HM,
A A-T and A-PM

BEORMIZPLITETH 2DIA LT, BY 2T vk
KAL A5 I UBIEHM & OIRAW, MIBEAN %I 2 7235
AORFEOERIBEORIMEIIIML. 435 L 2 v, k&
PRMLICE 3 LERROREVBES NI, 72, 253
UHBHEISRPM % W 12 IR T, PMTREKEEROERIE
LR LAERERYH A o1,

3.2 ZBESE:RAYMHE DR

Fig. 5 i, BIREHR O BRIEE L BT H G £ DBIMR
FaalLizce RY) =27 viiEA, B, DL X5 3 U#IIEHM
LRHAADEYRER -G TIE, BREHOEREED
Bhn b 3, mHEREREECRI LRI LB, 2
LXK L, AKER A O &SR Y = 2 7 v fEC L HM & 241

733 EE



734 5% & $BVol. 83(1997)Nol |

AEDLYEREE, H50I1EAT I UBIIEIE LIIPMZARY
T2 FNEIEA L AAA DY ICERO R A DERIREIIMEL L,
> T, 2N 0 OREFRESEE LG, Ly L, BER
HOBREEGFEC L 6, 200 OFGREIZAF I
BIsHMZEA LSS b Bo, BHGHME, BEEmO
EREE(D 0 A7 I UBIRRE) PECIEE R MmN
Hb, BEOGHGRME, BEON I 2 md &, 2
BEENEmCRE, BEVHETHIIEIERCZ LS
NTwvz, 253 U8R, BY) =27 vEigiclb~<TH
BTharizd, RERTREBERMO X 7 I VEIIRIRED
E AR EMHHEREP R koot Fiod, 12,
RICSERIRETY, RY =27 EHEA, B, DICHE~TR

) = A7 VERECOMHRAEV R R H v, BIROFEEH
Lo TZDORBREVRLE > TWw 5, ZHid, BEOEEN
R 2T VB AELTEY, ZORYZRAT NV
BHE A LG ORHGIMED IS ORI L > TR 212D T
BohrtELONE, NGO, BEELPTF
b X5 3 UBEDORMFEACER T LSRR E—TL T
VB,

BWERHOSERIEE?KE L BLT 5RY) = 2 7 vElig
A, B, D2 T, BERGOEIIBIE LIMTH L OBIMER
¥Fig. 6 (2R L 12, T NOBIRT b, WIRKIE O EHRIEE
PG E S LCRMTHEDY L ~2TTH 50, BRIEEHL0
mol %Ll Pz e & LTS T B L, 0 TN IA AIEE
KoTwd, A7 I UBEIEARY =257 viig i e~ Tl
HMTDHY, A7 I /BIBREYEMT 2 L, —8MCi3mm
IHEME RT3 LEFHELLNSE, LL, AFEASF I
e BIREE CBALT 5 & 5 REIERES T, T
D ELTv 2, ERBEOSCERIL, BERMOSE
FBERZEL > T35, 20517 BRENTOERKE
KL ko Tx b, 2Ol cERAELE LTI
DRABLZOTE LU EHEL T3, ZDRIZELT
WWEEONEREE & TR BT, hgmE Loy, RY
TR T EBIS U i, SRIBEP20mol% F i 2 5 L
MTHEIK TR OLE, BY A7 ABHEOREEHIZ L -
THIRBE LML L OBMEPREL 2 Lbh 5,

Fig. 72, BIEKMOEREE L, v a— MK E L T
DT L st & OBIRER LI, 7 va— M %,
R OERIBEH16mol% L)k, 11~15mol%, 10mol%
DTO32DZ7 =230 TRLIZ, ZOR» 6, R
BEDE -, D% b EBEERTO X T I UBHEREIEH -
=, NERECR G ERERC, MIMC A ERT L
5 tHbhrs, —F, BIRREVECZ V-, 6iE
PEP IS TR, ML BL v,

Fig. 7 1, KM 2 X F b X 7 I VIR 2 RL3 € 3
S H Lo T, BWEOMIME L TR & % R AT S
FEONHILERLTVE, v a— MO T,
WEOY S ZEBREHCIEEEL L2 LML T

46

2

" O AHM
5 1.5 O <O BHM
©

G O cHMm
5

g 17

£

'_.

S 0.5

2

g

=2 04 a .|

] L L)
5 10 15 20 25

Nitrogen concentration (mol%)

Fig. 6. Relationship between nitrogen concentration
in the surface and T-bend ability of pre-
ainted steel sheets. )
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Fig. 7. Effect of nitrogen concentration in the sur-

face of films on relationship between for-

mability and stain resistance.

L]; nitorogen concentration is 0-10mol%,
; nitorogen concentration is 11-15mol%,
; nitorogen concentration is 16 and more

mol%.
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