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ABSTRACT

RADIATION CURING OF SURFACE COATING OF CERAMICS.
Electron-beam radiation curing of surface coating techno-
logy is theoritically saspplicable to a wide range of sub-
strate such as wood panels, metsl, ceramics, ete. In  this

xperiment ceramics was used as a substrate. Acrylated

clogomers with the trade name Laromer {epoxy—and urethane
acrylate}) and Aronix (oligoester acrylate} were used as
coating materials after being added with resctive monomer
triproprlene glycol diacrylate up to 30% by weight.
Irradiation was conducted using electron-beam machine in a
nitrogen atmosphere at the doses of 30, 50, and 70 kGy.
The results showed that most of the films produced have a
good adhesion, high hardness and excellent chemical,
solvent, and stain resistances. The films prepared of
urethane acrylate showed lower hardness and abrasion re-
sistance as compared with the others.

ABSTRAK

PELAPISAN PERMUKAAN KERAMIK SECARA RADIASI. Teknologi
pelapisan permukaan menggunakan radiasi berkas elektron
dapat dipakai untuk bermacam-macam substrat misalnya panel
kayu, logam, dan keramik. Pada perccbasan ini dipakai kera-
mik sebagai substrat. Oligomer akrilat dengan nama dagang
Laromer (epcksi dan uretan akrilat) dan Aronix {cligocester
akrilat) dipakail sebagai bahan pelapis setelah dicampur:
dengan monomer reaktif tripropilen glikol diskrilat sampai
30% berat. Iradiasi dilakukan menggunaksn mesin berkas
elektron dalam atmosfer nitrogen pada dosis 30, &0, dan 70
kGy. Hasil percobaan menunjukkan bahwa hampir semua lapis-
an  yand dihasilkan mempunyai adesi vang baik, kekerasan
veng tinggi, dan tahan terhadap bahan kimia, pelarut, dan
stain. Lapisan yang dibuat dari iradiasi uretsn skrilat
mempunyai kekerasan dan ketshanan kikis lebih rendah di-
banding dengan yang lain.

* Centre for Application of Isotopes and Radiation, MNAEA
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INTRODOCTION

There are many papers which review the advantages and
disadvantages of radiation curing. Major advantages of the
EB curing process are, a solvent free system, less energy
consumption, high production rate, and processing ability
at ambient temperature (1). Electron-beam machinesz are
playing an important role in the radiation ouring . of
coatings on a variety of substrates such as for coating of
wood panels, metal, plastics, paper, and ceramics.
Ceramices are widely used for ccnst:uction materials, 1i.,e.
for flcooring aﬁd wall covering. Conventionally, the coat-
ing process of ceramics néeds 48 hours of heating at
12309C for baking the glazed wares. Thus the energy con-
sumption of the process is very high. Taisei Corporation
and Kansai Paint Co., Ltd. Japan, have developed sucess-
fully & novel process for manufacturing finished gypsum
tiles and marble for interior uses with ER curing of cosat-
ing H{2). Nakézato Ind: Japan, has produced roof tiles
coated using EB curing method since 1979 (3, 4). Most of
the radiation curasble systems are based on molecules
containing acrylate funcpional group and which are cross-
linkable by UV or EB irrédiation {(5}. Curing of commercial
acrylate and polyester based compound with the trade naﬁe
Laromer and Aronix by using UV and EB irradistion gives -

good physical and mechanical properties of its films.




Films cured by EB have better properties than those cured
by Uv (83},

This paper descripbes the EB ocuring of surface
coating of ceramics using epoxy acrylate La;omer EA 81,
urethane acrylate Laromer LR 8739, oligoester acrylate
Aronic 7100 and Aronix 8080 blended with +tripropylene

glycol diacrylate (TPGDA).

MATERIALS AND METHODS

Materials, 'Uncoated ceramics from the Super Italis
brand (20 x 10 x 0.8 em) was used as substrate. Acrylated
ocligomer with the trade name epoxy acrylate Laromer EA ak,
urethane acrylate Laromer LR 8739, and tripropylene glyeol
diacrylate were purchased from BASF, Germany. Oligoester
acrylate Aronix 7100 and Aronix 8060 were purchased from
Toagosei Chemical Industries, Co., Ltd. Japan. Thosze
chemicals were used without further pufification.

Egquipments, Irradiation wéé carried out using an
electron beam machine from Missin-High Voltage Co., Ltd,
Japan, with the maximum operation voltage and current were
200 kV and 50 mA respectively.

Hethods, Coating materials were prepared by mixing
the oligomers with TPGDA at various concentrations, and
then coated on ceramics by using a wire bar coater to ge#

a - film thickness of arcund 100 pam. The wet films were




exposed to electron beam radiation at various doses, i.s.,
30, B0 and 70 k@y. The operation voltage was 300 kV with
beam current of 30 mA. The oxygen level in the irradiation
chamber was maintained at less than 500 per. Chemical,
solvent and stain resistances, adhesion and gloss were
determined according to ASTM (7,8), whereas hardness “and
weather resistance of the coated ceramics were measured
according to JIS (9). Abrasion resistance was determined
using a falling abrasive tester (natural silica sand) from
- & specified height through a guide tube onto the coated
panel. Apparatus for falling sand abrasion test is
described in the ASTM D 968 - 81. The abrasion resistance

can be calculated using the following equation

D - L
Abrasion resistance, % = - x 100 ¥%
D
where
D = diameter of inner tube, mm
L =

length of shorter axis of abraded area, mm

RESULTS AND DISCUSSION

Viscosity is an important variable, since it will
control the level of monomer needed in the coating socluti-
on to the desired application ciscosity. The oligomer -

monomer ratic has a profound influence on the rate and




degree of cure and ultimately on the film properties.
Figure 1 shows the viscosity of various coating materials.,
Viscoéity of tﬁe oligomers can be reduced significantly by
addition of TPGDA. Without addition of TPGDA, the viscosi*
ty of oligomers used were between'4,000 and %,000 ap.
Addition with 30 % by weight of TPGDA reduced the viscosi-
tyv toe between 300 and 800 cp. Thisrwill be very useful in
order toc choose a suitable costing equipment for the coat-
ing process. At leasst 10 ¥ by weight of TPGDA was needed
for EA 81, Ar 7100 or Ar 8060, and 20 ¥ TPGDA for LR 8739
to produce an even surface.

Hardness and abrasion resistance are tabulated in
Table 1. Hardness and abrasion resistance were affected by
irradiation dose and concentration of cligomers in coating
materials, In general, these properties increase with

increasing irradiation dose. This is caused by the increa-
se of degree of crosslinking in the polimer. Addition of |
TPGDA as diluent to the oligomers has given different
effect on the hardness. Hardness increases with the TPGDA
concentration up to 30 ¥ for Ar 7100, but no significant
effect of the dilution for EA 81, LR 8739 or Ar 8060. The
highest hardness was cbtained in the use of Ar 80680 which
gave a pencil hardness of > 8H at 50 and 70 kGy and the
lowest was_LE 8739 with hardness only H even at 70 kGy.

Some of the results found in this experiment are in line




v7ith those reporfed by SENG (11), that electron-beam oured
filme exhiﬁit higher hardness with increasing resctive
monomers,

Figure 2 shows the histogram of adhezion betwesen
filme and ceramics substrat. Almost all of the films
follow the pattern that the increasing dose, decrease the
adhesion. However, if the dosze in too low, and degree of
curing is very low, the adhesion of films must be poor.
Comparing the data shown in Table 1, it seem that there is
a correlation between hardnezs and adhesion. Comparison
using the coating materials used indicates that the hard—
est film has the lowest adhesion grade. Laromer LR 8739
which only gives hardness H, hasz excellent adhesion, i.e.,
5B, for all compositions and irradiation doses used. At
high hardness, the film tend to becdme brittle and adhesi-
on between film and substrate becomes poor,

The cured films were all resistant to the chemical
and solvent used (1 % sodium carbonate, 5 % acetic acid,
10 % sulfuric acid, 50 % alcohol, 10 % sodium hydroxide,‘
thinner) and most of them were resistant to stain {red,
tlue and black marker). Only filme made of LR 8738 at the
dose of 30 and 50 kGy were slightly affected by stain.

The weathering phenomenon of coating accurs by two
general mechanisms. Those are, physical degradation and

chemical +transformation. Physical degradation manifest




themselves as chalking, blistering, scaling and cracking.
Chemical transformation is caused by chemical bonds of the
material which change and lead to new physical properties.
Color change, loss of glozs, and mechanical property
changes are commonly associated with chemical weathering‘
(11}. HWeathering data collected from this experiment and
shown in Table 2 were oriented toward color change and
loss of gloss. No physical degradations accurred such as
chalking, blistering, scaling, peeling and cracking. In
general, after 5 days of testing, the glosgs loss of filme
made of LR 8739 was the lowest as compared with the
others. The weather resistances of EA 81, Ar 7100 and Ar

8080 were nearly the sane.

CONCLUSION

According to the results of the ex?eriﬁent as
mentiocned above, concluéion can be drawn as follows
1. Films cured by EB irradiation made of epoxy acrylate
Laromer EA 81, oligoester acrylate Aronix 7100 or
Aronix 8080 have excellent hardness, and goodkchemical,

salvent and stain resistances.

]

In general, high grade film hardness give an adverse
effect on its adhesion, therefore the hardneszs of +the
film should be considered, in order to minimize the

negative effect on adhesion. |
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Table 1. Hardness and asbrasion resistance of cured films

Pericil hardness Abrasion resistance,
Composition
: Dose, kGy Dose, kGy

30 50 0 30 {510 70

% 100 2H 3H EH 87.15 &5 T,

EA 81 g0 3H 3H BH 62.15 70 85
in 80 3H 3H 4H 87 .5 87.58 Th
TPGDA 70 3H 3H 3H 70 62.5 88.

% 100 ¥ F F A7 15 55 7O

LR 8739 g0 H H H 5B 2.8 80
in 80 H H H 50 85 L 8
TPGDA 70 H H H 50 87 . B BT,

% 100 3H 3H 4H 85 85 7O
Ar 7100 990 44 4H 5H 85 T 72,
in ‘80 44 4H >6H 82.5 70 70
TPGDA 70 5H 5H >EH Y828 85 g87.

% 100 5H >8H >8H 65 “TRB 70

Ar 8080 90 5H >6H >6H 70 85 75
in 80 EH >6H »8H 67.5 65 85

TPGDA 70 5H >6H >8H 88.5 87 85
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Viscosity (25 °C), cp.

8,000 |
7,000 &
6,000 |
5,000 |
q,oooii
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3,000
2,000 |
1’000 K O\
0 s . ;
100 90 80 70
Concentration of oligomer in TPGDA, %.
Fig 1. Viscosity of coating materials.
A~ LR 8739
G~ Ar 2100
(OJ- EA 81

Q- Ar 8060
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