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Surface Enrichment Behavior of Highly Methylated Melamine-formaldehyde
Resin in Polyester Films Cured by Melamine-formaldehyde Resin

Hiroshi Kanar and Joji Oka
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Surface structure of polyester film cured by melamine-formaldehyde resin (MF) was investigated by X-ray
photoelectron spectroscopy.
methylated MF and strong acid catalyst neutralized by volatile amines gave film surface having higher nitrogen
A mechanism for MF enrichment in the surface was proposed

We found that paints containing polyester resin having low hydroxyl values, highly

concentration, which meant higher MF concentration.
as the following. In the paints containing volatile amines, as amines vaporized easily near the surface in the curing
period, acidity near the surface increased with decreasing amine concentration. High acidity near the surface
accelerated self-condensation reaction of highly methylated MF having high reaction rate under existence of strong
acid catalyst. MF diffused from the bulk of the film to the surface because MF concentration near the surface
decreased, and then MF condensates are concentrated in the surface.

prepainted product ; surface analysis; melamine enrichment in film surface ; self-condensation reaction of melamine :

X-ray photoelectron spectroscopy.
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Table 1. Polyester resins used.

OHvalue | Tg" Molecular weight
No Type
mgKOH/g C Mn2) Mw?3)
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
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"Table 2. Melamine-formaldehyde resins used.

Relative reaction rate
Degree of

No Type . N

polymerization without Under
catalyst |strong acid
HM Highly 1.75 Slow Fast
methylated
i High imino 2.30 Middle Slow
Partialy )

PM methylated 2.60 Fast Middie
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Table 3. Mol concentration of C, O, N in the surface
of the films.

Measured Calculated

After or
Polyester
No before

%
mass baking | C | @ | N cC|O|N

a 100 after 73 25 2 75 25 0

after 58 20 22 65 19 25
b 0

before - - - 56 22 22
after - - - 69 24 7
(o] 70
before - - - 70 23 7
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Fig. 1. Cls spectra for the surface of films.
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Fig. 2. Effect of kind of polyester resin, melamine
resin and catalyst on nitrogen concentratlon
in the surface of films:

A,B,C,D; polyester resins,
HM I PM melamine resins,
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Fig. 3. Self-condensation reactions of highly methylated MF resin : ¢ ; triazine ring.
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Table 4. Ratio of number of functional group in
paints.

Ratio of number of functional groups in paints
(Polyester concentration : 70 mass%)

Polyester No.
Polyester / Melamine

A : 1/ 108
B 1/ 35
C 1/ 22
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Fig. 4. Proposed mechanism of increase of nitrogen concentration near the surface of the film composed of
polyester having low hydroxyl value, highly methylated MF, and catalyst neutralized by amine.

4



§% & $AVol. 83(1997)No.l |

T 20

©

£

& 15

®

5

S 104 O

8 =]

5

g’ 5 T ] ] 1
= | 05 1 15 2 25
4

Induction oven \_ Flow rate (m/s) ,

Electric oven Convection oven
Kind of oven and air flow rate (m/s)

. Effects of kind of oven and air flow rate in
the oven on nitrogen concentration in the
surface of films.

Fig. 5

ENBYF T, BREPEE - Bihs wr, BIEETEAT
EDEGEDECIZ I, T IVBHERLPTCELEELON
B, RYZATVIENEA LA S I UBIEHMPEREL 7 - 3
THA L, DMAETHM L 72 % 1. 5mass% 0 2 72 %%}
PHICIZ, 2 DFESE, Fig. 5 2R T & 50, BURIFERR T
FREMIED230°CLRICTH-> T b, BB ECIEE, B
KEDOBRIBE RS- 12, 72, BRI EEGEEEM
BIR TR - L L 0BT, BIRREOERIREDS,
BUEIEERIFCIEE MK L 5 X 9 b 3 51Ty 12,
T, HHODD7 I E LT, n-F o7 22 (NDA)
PHCT, BERGO XS I VBIBRIE~OPHHTH 5
TIVOBHOMEBEHAS, 2N : THV72DMAEWR#
FDT121°CT D % %5, NDARIBSEH215°CTH b, SO
W BEALBFRTHE D O Rl L TH3IE LI v, NDA®H
WT, ZhFETEREUCRFERE230°CO ST EzMg - ik L
2L 2h, BEREOERIREIIH 5 mol% LIEVETH-
120 %72, SRPASURFE200°C O BRI ERIF T 155 8 4 - L,

42

FiroTH# LIz 2 A, 732 L LTDMAE#®/HWv5 L,
IR OB RIEEI3H20mol% & 72 - 1255, NDA® R
12HAIZIE Tmol% E Kb - 12, A DO E W NDAL, 200°C
DFCHE - HALIRE TR EBEERA Y IR LS wew, &
MR ORI E DS NI  HERTH DD Lo,
ERBEIEI ROV EFEL NS,

Pk, 220FEBMRE, BREOEZE - B AR
57 I OBMERE D 6 OHERD, 27 I UHIEORE~
DRALIELBERET 2 EF 25, Bl EME Y ZHL
Tw 3,

5. B8

IREBFEMM DL R Y = A Fouilgls, 2 FALEDE -
AFNAERA T I URBR L, RO T I UL 2EEE
f e il A AbE 5 2 LT, KEAD AT I VBIRIRENE
CEBEPERTS I LEPRCILI, ZOMEBCIow T,
Y2 BLBFR C 0 T, BERE Y OO DT 2
UL, BIREMOBMEE SR ICSTEL ka1
H, A7 IUVBIEYEEREMETACHKHARCZES L
RILL BT LIZL B, EHEELL,

(RERDWNED—E L, $WS$FB$%%%%ﬁ§%E
29t 1993k in 2 EHF TR SR EOTRELR,)

X

Bl BHE, EoREE, HEBRYTL,
225k, 64 (1991), 780.

ZEFIHE, B 5 S TRICHE, 43 (1986), 549.
JUBEBE R, HARESE | BAREEFRSE, 30 (1994), 258.
VORI it 4EE, 63 (1990), 19.

&I B BHIAE, W B BARSRFLESHELHEE
B8, (199D, 7.
o0 SRS N i | S
(1993), 1494.

R

1) AR, SRR b
2)
3)
4)
5)

6) EH M, MMHE MR e e, 6



