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Development of UV-Cured Seal Technology

i) A —
Shinichi OKAMOTO

Automotive components necessarily incorporate various seals, such as waterproof, fuel and oil seals, to ensure that
the components will work properly. Currently used sealing materials include O-rings, rubber gaskets and adhesives.
Each of these materials requires heat treatment (heating) in their manufacturing processes for vulcanization and cur-
ing purposes, posing problems in terms of reducing CO2 emissions and saving energy. In searching for a solution to
these problems, I identified ultraviolet (UV)-cured materials. Compared with conventional heat curing, UV curing
substantially reduces the curing time and power consumption, leading to both reductions in CO2 emissions and sav-
ings in energy. However, these UV-cured seal materials do not develop their full potential under material manufac-
turers’ standard UV irradiation conditions. Consequently, they fail to exhibit satisfactory sealing performance (perma-
nent compression set) in harsh in-vehicle temperature and humidity environments. To elucidate the cause of lowered
sealing performance, analyses were conducted on the relationships between UV irradiation conditions and sealing
performance with the focus on the crosslinked structure. Pulse NMR-based microscopic analysis results revealed
changes in the crosslinked structure resulting from different irradiation conditions. The conclusion is that the cause
of the lowered sealing performance is nonuniformity in crosslinking.
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Fig. 1 Comparison between heat curing and UV curing
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Table 1 Automotive seal materials property requirements
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Fig. 3 UV cure reaction

B | Frradisrwe 100 0

« f
%

: he l..'l LT
1!!; 3 1 I
n s

Wogidiyel heating waluz
(mifemT
=

Ll.f;l A ke Bodopnsn o when
® a0 o “ Chagrtss ety
[0 %] EETEN
Cunukamive iraduion §mkicoe b W Covimg widiev e il e
. . . L ) . - Hllll'ﬂl.l\:ll-w:h?m:llFr\-:
Fig. 4 Cumulative irradiation vs. residual heating value (5 TR SR ¥'a TR Y N W
Ikl cedrcal]

Cumpiieg wradipegn (UK mem's

Fig. 6 Mechanism inhibiting curing

50 M 1MW I
Irsndinmee (o cire

Fig. 5 Irradiance vs. hardness

148



149

Curmulslivg amabislion: 2000 (rdem™)

P athan coiraliin
SimW 15w

1 { Booommended by wanufeowmer

Adbesion sieength (M
=
Ln

i W 100 ik

Flanclaciar
cramlipn

Imadimce (o

Fig. 7 Irradiance vs. adhesion strength
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Fig. 9 Adhesion strength test results
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Fig. 10 Compression set test results
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Fig. 12 Pulse NMR measuring principle
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Table 2 Macro-analysis results
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