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Effect of Phenolic Oligomer on Adhesion of Poly (ethylene terephthalate) Film Laminated Steel Sheets
by Electron Beam Curing Method

Kenichi Masunara, Koji Mori, Kenji Kosuusur and Tuakashi Sasakt

Synopsis

: Adhesion of poly (ethylene terephalate) film by Electron Beam Curing (EBC) method which can be thought as an energy

-saving process was studied for the purpose of bestowing economically design and distinctness of image on thermoset-
ting high molecular weight polyester precoated steel sheets.

Adhesion of EB curable resins onto metal is generally poor.

In this report, addition of EB curable phenolic resole

oligomer with bifunctional acrylates to the top coat used for precoated steel was studied in order to increase the
adhesion of an EB curable adhesive, and it was found that the phenolic oligomer is tremendously effective for the

improvement of adhesion.

The reasons why the phenolic oligomer provides excellent adhesion were 1) elongation at break of the top coat to
which the phenolic oligomer is added is little decreased by EB irradiation, and the formability does not reduce. 2) As
the phenolic oligomer is unevenly distributed to the surface layer of the top coat, it is suggested that the contact
frequency of the phenolic oligomer to the EB curable adhesive is so high that graft polymerization between them is

liable to occur.
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Table 1. Monomer and oligomers.

number of . equivalent of .
functionalities chemical name structural formula double bonds adhesion
1 2‘*‘%@{5“‘” CH,=CHCOOC,H,OH 116 A
Acrylic Tripropyleneglycol
monomers 2 o CH,=CHCO~ OC3H,~},0COCH=CH, 146 A
Trimethylolpropane ( - ) H
3 i o CH,=CHCOOCH, 3CC 3 98 A
HOCH (rZHa CH,OH
Oligomer 2 - HO%»' l(:-@f OH 250 ©
CH,=CHCOOCH, CH; CH,OCOCH=CH,
Control - base coat (high molecular weight polyester) - A

adhesion test; 8mm Erichsen(#) test—807C X 2h

evalution; ©:no delamination, O:below 1mm delamination, A:1-5mm delamination, X :over Smm delamination
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Fig. 1. 8mm Erichsen (#) test method.
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Fig. 2. H type glass tube.
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Fig. 3. Relationship between adhesive thickness and
peeling strength.
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Fig. 4. Relationship between added amount of MR-
XA and adhesion.
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Table 2. Mechanical properties of specimens.

elongation at break (%) ultimate strength(N/mm?)

Samples before after before after
irradiation irradiation irradiation irradiation

HEA 285 313 22.9 24.9
TPGDA 340 258 27.2 30.3
TMPTA 338 253 22.6 25.1
IR X2 285 267 25.8 24.7
MR X2 260 245 24.8 26.2
IR X2 193 182 22.1 21.3
R X 158 180 216 21.8
(GOR X 163 152 22.8 23.2
Control 383 310 285 26.6

HEA 2-hydroxyethyl acrylate
TPGDA : Tripropyleneglycol diacrylate
TMPTA : Trimethylolpropane triacrylate
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Table 3. Gel ratio.

Samples before irradiation(%)  after irradiation (%)
HEA 89.3 89.8

TPGDA 89.4 90.7
TMPTA 89.2 90.5
MR-XA

(2mass%,) 89.9 89.4
MR-XA

(5mass%) 89.9 89.3
MR-XA

(10mass%) 90.3 89.6
MR-XA .

(15mass9%) 90.3 89.9
MR-XA

(20mass9%) 90.3 90.0
Control 89.6 88.8

Absorbance

| EEUEPYPIIS BN ST | M 1 " M 1
4000 3000 2000 1000 400

Wavenumber, cm!

Fig. 5. Comparison of infrared spectra for films
added MR-XA 20 mass% by EB irradiation:
****** ; before irradiation

; after irradiation

— —; contol




EFREEPETZ 3 A — MAROBHE CRIET 72/ — R4 Y T=—0%FE 1080 W

IMEGE LR D FRIRAN AR 2 b v 2 RIE LICHER, T h
DFEHZ § 1405cm D (C=C) 2 H T =27 13@A» Lk
512, Fig. 5 —lt LT 7= 7 —nFRA Y 2=—%20mass
BEMLIERDFIRIN AR M v Z2R_RTHY, JTOLEEY
FEDFSMRILR R 2 b v L OEFED b, 72,
EBEME D FHABUL AR 2 bov b, EBEESTHT (In3mi %)
DARZ bV EFREZED I 2 EDFEER S L1z,
3.4 EFHICRIZTREABRENR

WEEMBTDH 5 L8 b BEFERm ORI EZ T~ 5
1o, BEEEE OILEEE D TXPSP AV THIZE LT,
Fig. 6 2D L% b BEREDXPSAR 2 b v EIRT AL
) HORHIBALAI L LT AF LA S I v p e bRTL
W, AT IVIIRBT 5285.eVAHED —CNEOY—20 Fig. 7. XPS chart for film added MR-XA 10
25286 . 3e VAHED —CORD ¥ — 7 & b K & ¢, Al mass2s.
Bl —E DA F A bR 5 I YT REREEICBITEHL T
B EHN Db BEIY, I OREHIESECEE LR ERL
ooz —nFRA Y Te—%, 0B E L THEAZT
MLLEREDCTORBRLXPSARZ b v #RIZE LICHER
#Fig. 7, 8IZRT, AIRI» 6 b5 & 51, Fig. 6 1
LTy —CORDE— 27 —CNEOE—2 L bk
w2 bbb, Tabled I3&2DEEHI D T—-CO¥D
C—2O—-CNEDOVY—27 T 358E ] (—CO/—CN)T
BELICLDTH S, O LE Y BEREOEE HIX0.86
THH>DIZX LT, HMLIERRECTR 1. 0L LD Z/R

202 200 288 286 284 282 280

Binding energy, eV

Fo FRUHESEIRELIRER L7z 7 —vFRA ) T 292 200 288 286 284 282 280

==L EEwmO RS CHEERL, 7= 7 — RS Y Binding energy, eV

TR RO LE Y EIRER R LS 0 S LEARLTY Fig. 8. XPS chart for film added HEA.

5,

K2, EBCEFEROX ) IT=—2 /) =2—tDF T hw

BATSHE R HER T 2 120, BEEEMBTH 2 Lk b g Table 4. Peak ratio of C-O/C-N by ESCA analysis.

FE I CEBY B SNIHED T VA NVDREIKEZESRT Samples C-0/C-N

BELN, Fig. 9l 7=/ —nvRA4 ) a=—, HEAZHM TII;IgSA }%

LIZBALDCTORETH 2, b O RTLT 5120, TMPTA 1.21

LD L# b W% Control L LT, FIARDE =2 DK s & AR X (fmassae) 126
MR-XA (20mass%) 1.32

Control 0.86

PHXRE R TE L2 b DD Table 5 TH 5, 77KIZ 81T 5
ESRAXRZ b s b, TOLERYBEDAT S 7T H D
REDPBUS S HEAZRIMLIZROESRARZ b vD
BERTOEEVERD ZNEZIETFERETH 25, 7
=/ —WRAY T=—2HML LRI 2HELULEDESRAR
7 P NVRENBEIN, SYINVOREFHEEHC I LY
bhol, 3615, EBCEEAILDORIbE 4 21—
alT AR, BEHTE2OFBCAFVRIZZY L—}
(MMA) %35l 3 € 724%, ESRARZ b vERRIELICE T A,

292 290 288 286 284 282 280

Binding energy, eV FHROYEEDA T T I HNPRIGL, HELE—2 3B
Fig. 6. XPS chart for control. ganlkdyro1t, LyL, 7=/ —nFHRA Y 2<2—, HEA

59



BB 1090 $% > §AVol. 81 (1995)Nal |

77K R.T.
Control WJ W
Amplitude:
8.3 %100 Amplitude: 1.26x 100
HEA J
Amplitude:
5x100 Amplitude: 1.25x100
MR-XA
(10mass%)
Amplitude: Amplitude:
3.2x100 1x100

Fig. 9. ESR spectra of various samples.

Table 5. Peak ratio against control by ESR.

temperature (K)
Samples
77 293
Control 1 1
HEA 1.04 1.17
MR-XA (10mass%) 2.00 2.80
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