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(57) Abstract: A new lens blocking material
(adhesive composition 78) is proposed that
essentially overcomes the drawbacks of previous
blocking materials. This new material combines
traditional UV and/or visible light (VIS) curable
polymer materials with specially selected filler
(s) as a non polymerizing solid in order to achieve
or improve certain desirable material properties,
including those of low shrinkage, low exothermic
heat of polymerization, and improving the ability
to deblock, while simultaneously reducing the
high cost associated with such UV/VIS radiation
curable materials. The new material is being used
in methods for blocking a lens blank (54) onto
a lens block (62) with a lens mounting face (64)
that has a predetermined block curve, in which the
number of different block curves required to cover
the full range of standard lenses is minimized.
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METHOD FOR BLOCKING A LENS BLANK,
ADHESIVE COMPOSITION AND
USE OF THE LATTER IN LENS BLOCKING

TECHNICAL FIELD OF THE INVENTION

The present invention generally relates to the bonding of an
ophthalmic lens blank to a lens support block ("lens block")
for supporting the lens blank during a lens generating process,
as applied in prescription workshops in masses, that is to say
production workshops for manufacturing individual spectacle
lenses from customary materials (polycarbonate, mineral glass,

CR 39, HI index, etc.) according to a prescription.

More particularly the present invention relates to a method for
blocking a lens blank, the use in lens blocking of an adhesive
composition and the adhesive composition itself, wherein a
radiation cured material is being used in each case as a
bonding agent. A "radiation cured material" in the context of
the present application refers to 1liquid chemical resin
compounds chemically sensitive to certain electromagnetic
radiation wavelengths which will cause the resin to cure, i.e.
polymerize to become a sblid when the material is irradiated
with these "photo active" waves. In other words the material
will phase change from liquid to solid upon being exposed to
the electromagnetic radiation in question, in particular light

in the ultraviolet ("UV") and high visible spectrum ("VIS")."
BACKGROUND OF THE INVENTION AND PRIOR ART
An ophthalmic lens blank generally has a first face with a pre-

determined curvature and a second face, opposite the first face

on which a desired surface contour is generated by a machining
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process. The overall process is generally referred to as "lens
surfacing” and the overall object is to yield a finished
spectacle lens wherein the first and second face curvatures

cooperate to yield desired optical properties.

In prescription workshops, the following main process steps are
usually carried out: Firstly, a suitable right and/or left
ophthalmic lens blank is removed from a semifinished product
store. The term "semifinished" is used to mean that the
ophthalmic lens blanks, which are usually round or oval in plan
view and have not yet been edged, have already been machined or
in another way contoured on one of their two optically active
faces. The ophthalmic lens blanks are then prepared for the
blocking operation, namely by applying a suitable protective
film or a suitable protectiﬁe lacquer to protect the optically
active face which has already been machined or contoured, i.e.

the first face or blocking face.

The so-called "blocking” of the ophthalmic lens blanks then
takes place. During this, the ophthalmic lens blank is joined
to a suitable lens block, for example a lens block according to
German standard DIN 58766. To this end, the 1lens block is
firstly brought into a predefined position with respect to the
protected first face of the ophthalmic lens blank, and then in
this position the space between lens block and ophthalmic lens
blank is filled with a molten material (normally a metal alloy
or wax). Once this material has solidified, the 1lens block
forms a holder or support for machining the second face of the
ophthalmic lens blank. The lens block is grasped by chuck or
other suitable coupling means during lens generation to provide
in particular secure mounting to the profiling machine while

avoiding damage to the lens.

Lens surfacing is carried out then using profiling machines

which typically have a cutter of some type that is moved across
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the second face of the ophthalmic lens blank to give the second
face its macrogeometry according to the prescription. The lens
blank may be stationary or rotating during the cutting
operation, depending on the particular profiling machine which
is being wused. Typical machining processes for surfacing
ophthalmic lenses include single point diamond turning, diamond
tool fly-cutting, milling, and grinding processes, applied

depending on the lens material.

Usually fine machining of the ophthalmic 1lenses then takes
place, in which the pre-machined second face of the respective
ophthalmic 1lens blank is given the desired microgeometry.
Depending on inter alia the material of the ophthalmic lenses,
the fine machining process is divided into a fine grinding
operation and a subsequent polishing operation, or includes
only a polishing operation if a polishable second face has

already been produced during the pre-machining stage.

Only after the polishing operation is the ophthalmic lens
separated from the lens block ("deblocking") before cleaning
steps and possibly further refining steps are carried out, e.g.
anti-reflection coating or hard coating of the ophthalmic
lenses. The lens block accordingly remains on the ophthalmic
lens (at least) for a number of machining operations and must

remain reliably thereon during said operations.

Recently other bonding materials have been proposed for lens
blocking in order ‘to overcome certain  disadvantages - the long
time required for setting before the blocked lens can be safely
released to subsequent processing operations, distortion
problems with the lens caused by the heat associated with the
molten material, and possible contamination of the lens, just
to name a few - carried by the use of metal alloy or wax as the
classical bonding agent. These other bonding materials include

radiation curable materials.
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In this connection document US 2005/0139309 A discusses the use
of a UV light curable blocking material designed to reduce
polymerization induced shrinkage. Although this development has
been a significant step forward in allowing the use of UV
curable materials for use in lens blocking, it still exhibits
shrinkage of the order of 3%. This amount of shrinkage is
generally not serious when the UV curable adhesive is used in a
relatively thin (typically 1less than 3 mm) and uniform
thickness; however it has serious limitations when thicker

sections of adhesive are needed.

The shrinkage problem becomes even more apparent when blocking
lenses having strongly non-uniform cross sections so that non-
uniform sections of adhesive are needed. An example of this can

be seen in FIG. 10 which shows a flat top bifocal lens blank 10

“having a step discontinuity 12 between a bifocal segment 14 and

a base curve 16, blocked on a lens block 18 by means of an UV
cured adhesive 20. As is evident from FIG. 10 shrinkage can be
a problem when the gap 22 between the bifocal segment 14 and
the lens block 18 is significantly different than the gap 24
directly above the bifocal segment 14. In this instance the
difference in shrinkage caused by the difference in thickness
of the UV cured adhesive 20 can cause critical/unwanted

distortion directly above the bifocal segment 14.

In an attempt to overcome the shrinkage problems remaining with
the above UV 1light curable blocking material it has been
proposed to use numerous (7 or 8) different block base curves
to approximately match the conceivable 1lens base curves, and
thereby keep the adhesive thickness sufficiently uniform to
minimize residual shrinkage effects. FIG. 11 illustrates the
prior art using numerous lens blocks 18 each comprising a lens
mounting face 26 that has a pre-determined block curve, wherein

the block curves of different lens blocks 18 differ from each
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other. In the example shown the lens blocks 18 comprise
essentially spherical lens mounting faces 26 that have block
curves of a) 0.5 diopters, b) 2 diopters, c) 6 diopters, and d)
10 diopters, respectively, generally matching the lens curves,
i.e. the respective curvature of the blocking faces 28 of the
blocked lens blanks 10. It is to be noted that only four
different lens blocks 18 are shown in FIG. 11 to simplify the
illustration; actually however this system used seven or eight
different lens blocks, as mentioned before. As becomes apparent
from FIG. 11 the UV cured adhesive 20 between lens blank 10 and
lens block 18 1in each case has a relatively thin and
substantially uniform thickness so that there is no critical

distortion due to shrinkage of the UV cured adhesive 20.

However the approach of using numerous different block base
curves does not help in the situation shown in FIG. 10. A
further problem associated with multiple block base curves is
the management of these numerous curves. The proper lens blocks
initially need to be selected to match the lens curves, then,
after deblocking, (assuming the lens blocks are reused), they
need to be properly sorted according to curve, and stored in
separate holding/dispensing containers. Using multiple block
curves thus adds to the complexity of the manufacturing
process, increases the probability of error, and as a result

increases the cost of lens manufacturing.

OBJECT OF THE INVENTION

The object of the present invention is to provide a method for
blocking a lens blank in which the number of block curves
required to cover the full range of standard lenses 1is
minimized, and which also addresses the problems associated
with shrinkage of a radiation cured material as the bonding

agent. The object of the invention further encompasses the
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provision of an adhesive composition for lens blocking that can

be cured by radiation and serves the above purpose.

SUMMARY OF THE INVENTION

The above object is solved by the features specified in claims
1, 3, 7 and 8, respectively. Advantageous and appropriate
developments of the invention form the subject matter of claims
2, 4 to 6 and 9 to 16.

According to one aspect of the present invention there is
provided a method for blocking a lens blank having a blocking
face of pre-determined curvature, which method comprises the
steps of:

(a) providing a plurality of lens blocks each comprising
a lens mounting face that has a pre-determined block curve,
wherein said lens blocks all have the same block curve;

(b) taking out one of said lens blocks of said plurality
of lens blocks; |

(c) mixing an adhesive composition comprising in an un-
polymerized state a liquid adhesive curable by UV or visible
light and a filler as a non polymerizing solid;

(d) applying to at least one of said blocking face of
said lens blank and said lens mounting face of said lens block
said adhesive composition;

(e) urging said lens blank toward said lens block with
said blocking face of said lens blank facing said lens mounting
face of said lens block; and

(£) geherating UV or visible light and transmitting the
light to said adhesive composition, said 1light being of a
wavelength and an intensity and applied for a time interval
sufficient to cause setting of said adhesive composition;

(g) wherein a mixing ratio of said adhesive and said

filler is selected to have a dimensional change and exothermic
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heat of polymerization of said adhesive composition wupon
setting low enough so that the adhesive composition is capable
of setting without imparting undue stresses on said lens blank
and without de-bonding of said lens blank from said adhesive

composition.

According to a further aspect of the present invention there is
provided a method for blocking a lens blank having a blocking
face of pre-determined curvature, which method comprises the
steps of:

(a) providing a plurality of lens blocks each comprising
a lens mounting face that has a pre-determined block curve,
wherein said 1lens blocks have a few different block curves
only;

(b) selecting a lens block having a specific block curve
depending on said curvature of said blocking face of said lens
blank so that said block curve matches said curvature of said
blocking face as best as possible;

(c) mixing an adhesive composition comprising in an un-
polymerized state a liquid adhesive curable by UV or visible
light and a filler as a non polymerizing solid;

(d) applying to at least one of said blocking face of
said lens blank and said lens mounting face of said lens block
said adhesive composition;

(e) urging said lens blank toward said lens block with
said blocking face of said lens blank facing said lens mounting
face of said lens block; and

(£) generating UV or visible light and transmitting the
light to said adhesive composition, said 1light being of a
wavelength and an intensity and applied for a time interval
sufficient to cause setting of said adhesive composition;

(g) wherein a mixing ratio of said adhesive and said
filler is selected to have a dimensional change and exothermic
heat of polymerization of said adhesive composition upon

setting low enough so that the adhesive composition is capable
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of setting without imparting undue stresses on said lens blank
and without de-bonding of said lens blank from said adhesive

composition.

First of all, as compared to the above prior art, both methods
have in common a reduction of the number of block curves.
Whereas the first of the above methods in which only one block
curve is being used represents the ideal situation, even using
a few different block curves according to the second method,
e.g. 2 or 3 block curves, is felt to be significantly better
than using 7 or 8 block curves in terms of decreasing the
complexity of the manufacturing process, the probability of

error, and the cost of lens manufacturing.

Further, as compared to the above prior art again, the methods
according to the present invention have in common the use in
lens blocking of an adhesive composition comprising in an un-
polymerized state a liquid adhesive curable by UV or visible
light and a filler as a non polymerizing solid, wherein in
particular the mixing ratio of the adhesive and the filler is
selected to have a dimensional change and exothermic heat of
polymerization of the adhesive composition upon setting low
enough so that the adhesive composition is capable of setting
without imparting undue stresses on the lens blank and without

de-bonding of the lens blank from the adhesive composition.

In this connection the use of the filler offers several
advantages. ‘Since a significant portion of the shrinkage comes
from material structural changes during polymerization, one can
physically introduce the filler as a non polymerizing solid
into the liquid {(un-polymerized) compound, and thereby reduce
shrinkage by at least the volume percentage of filler material

introduced.
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Further, typical UV or 1light radiation cured materials,
although they are considered relatively "low °T" curing,
exhibit a certain level of exothermic heat during the curing
process. In some cases, and especially when the volume of
UV/VIS material is high, this exothermic reaction can raise the
temperature of the material 20 to 40°C above the initial liquid
temperature. These higher process temperatures in turn could
cause thermal stresses in the lens blank due to different CTEs
(Coefficients of Thermal Expansion) between lens blank, lens
block, and adhesive. Therefore, in addition to reducing the
shrinkage coming from polymerization, the reduction in volume
of UV/VIS curable material by the introduction of filler in
turn reduces the exothermic component of the curing reaction,
thereby resulting in a lower final process temperature, and

lower thermal expansion.

The combined effect of reducing both sources of shrinkage
(structural changes during polymerization and exothermic heat
of polymerization) simultaneously is seen to be very beneficial
to the ability to successfully block lenses using non-constant
UV/VIS material thicknesses, as is the case inevitably when one
or a few block curves only are being used for blocking the full

range of standard lenses.

A further important benefit to using filler is that of cost
reduction by reducing the amount of UV/VIS curable material.
The UV/VIS curable materials use relatively expensive chemical
components - in particular the . photoinitiators used to initiate
electromagnetic radiation (UV/VIS) curing tend to be very
expensive - and as such result in relatively high costs of
blocking compound. In addition to this, once cured the compound
cannot be returned to its liquid (un-polymerized) state. This
means that it cannot be recycled by re-melting in a way similar
to wood metal or blocking wax (or other thermoplastics such as

e-Caprolactone).
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In the first of the above methods, i.e. in the case in which
lens blocks are provided that all have one and the same block
curve, the 1lens blocks preferably all have an essentially
spherical lens mounting face comprising the same block curve
selected in accordance with a distribution of the blocking face
curvature of lens blanks to be blocked for a given population.
This takes into account advantageously that different
populations may present different distributions, and therefore
require different block curves to minimize material usage. For
example certain Asian populations are known to skew more to the
lower (flatter) base curves when compared to Western European
or North American populations. This would result in the
selection of a slightly lower block curve in order to better
optimize (minimize) material wusage, and/or final optical

performance.

In the second of the above methods, i.e. in the case in which
lens blocks are provided that have a few different block curves
only, preferably the 1lens blocks all have an essentially
spherical lens mounting face, wherein 1lens blocks of two
different block curves are provided, namely lens blocks
comprising a concave block curve within the range of 0 to 4
diopters, and lens blocks comprising a concave block curve
within the range of 4 to 8 diopters. Depending on the geometry
of the blocking faces of the lens blanks to be blocked however

the block curves could also be convex.

In one preferred embodiment of the second method, the step of
selecting a lens block is carried out to the effect that, in
the blocked state of the lens blank, a gap between the lens
mounting face of the lens block and the blocking face of the
lens blank is minimized in a central region of the lens block.
As a result the absolute shrinkage of the adhesive composition

is (even more) minimized at center so that very small stresses
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if any are induced in the blocked lens blank, especially in the

vicinity of the MRP (major reference point).

In principle, lens blocks may be used that are opaque or even
impervious to light of all kind, wherein the UV or visible
light is transmitted to the adhesive composition through the
lens Dblank to cause setting of the adhesive composition.
However, preference is given to the use of lens blocks that are
capable of transmitting UV or visible light, wherein the step
of generating UV or visible light and transmitting the light to
the adhesive composition in all methods preferably includes
then transmitting the light to the adhesive composition through
the lens block.

According to the present invention an adhesive composition for
use in lens blocking is also provided. The adhesive composition
comprises (a) an adhesive curable by UV or visible light that
is liquid in an un-polymerized state, and (b) a filler as a non
polymerizing solid, wherein the mixing ratio of the adhesive
and the filler is in a range between 70% by weight adhesive
versus 30% by weight filler and 30% by weight adhesive versus
70% by weight filler. As tests have shown, a mixing ratio
within this range is effective to cause a dimensional change
and exothermic heat of polymerization of the adhesive
composition upon setting low enough so that the adhesive
composition is capable of setting without imparting undue
stresses on the lens blank and without de-bonding of the lens
blank from the adhesive composition. The adhesive composition
including the filler, when used in lens blocking, also leads to
cost reduction as compared to the use of conventional radiation
cured blocking material, as already explained above. Again,
such adhesive composition finally represents a "vehicle" for
the reduction of the number of block curves required in lens
generation to cover the full range of standard lenses (cf. the

above explanations) .
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Preferably the filler consists of solid particles that provide
for sufficient rigidity of the cured adhesive composition to
prevent full or partial flexing and movement of the blocked

lens.

The preferred filler particle geometry is generally spherical
however cylindrical or irregular geometries can also work well.
The advantage to the spherical geometry is one of improved
(lower) viscosity in the 1liquid state of the adhesive

composition.

The filler particle sizes generally need to be smaller than the
minimum gap between the 1lens blank to be blocked and the
designated lens block. Minimum gaps of 2 mm are currently
preferred so this means the largest particles should be smaller

than 2 mm, and preferably equal to or less than 1 mm.

To facilitate deblocking it is preferred for the filler to
contain a small amount of metal fibers, granules, or powder,
preferably aluminum fibers in a quantity of 1 to 2% by weight
of the composition in total. Such quantity of fibers provides
sufficient absorption of microwave energy to significantly
accelerate heating of the cured blocking material by microwave
energy whereby the blocking material can be "softened" prior to

deblocking.

Preferably the filler material is transparent and/or
translucent to photo active ‘wavelengths of UV and/or visible
light in order to accelerate curing of the adhesive

composition.

The filler material may further have low moisture absorption
properties which is of importance if and when a complete
blocked lens is introduced into a vacuum chamber typically used

in thin film coating processes.
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Continuing the concept of the invention, the filler material
may have a Glass Transition Temperature (Tg) between 25° and
80°C. By wusing such filler material certain mechanical
properties - sufficient stiffness and hardness for instance -
can be achieved at surfacing process temperatures (typically
close to room temperature), which can then be changed by
raising the temperature above Tg in order to facilitate
deblocking. In this connection the upper limit of 80°C assures
that, to facilitate deblocking, there is no need to raise the
temperature of the cured blocking material above temperatures

that could permanently damage a surfaced lens.

It is finally preferred for the filler material to be selected
from a group comprising the UV or visible light cured adhesive
in a reground state, and plastic materials including e-
Caprolactone, Terpolymer derived from Ethyl-Methyl-Acrylate-
Acrylic Acid, Polycarbonate, Polyethylene (PET), High
Methacrylate Resin, Ethyl Methacrylate Resin, Methacrylate
Copolymer Resin, Butyl Methacrylate Resin, and Methyl/ n-Butyl
Methacrylate Copolymer Resin. Among other things the respective
advantages of such filler materials will become apparent from
the following description of the preferred embodiments of the

invention.

BRIEF DESCRIPTION OF THE DRAWINGS

Hereinbelow, the invention will be explained in more detail on
the basis of preferred examples of embodiment and with
reference to the appended, partially schematic drawings. In the

drawings:
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FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

FIG.

8

_14_

is a perspective view of an ophthalmic lens blocking
apparatus that may be wutilized in the blocking

methods according to the present invention;

is a section on line II-II of FIG. 1;

is a partially cut away perspective view illustrating
a lens blank being held over a lens block by a lens

transporter;

is a partially cut away perspective view illustrating
lens blank placement on a lens block and also
illustrating an adhesive composition dispenser in a

retracted position;

"is a partially cut away perspective view illustrating

a lens transporter before picking up a lens blank and
illustrating an adhesive composition dispenser in its

deployed position;

is a sectional view on line VI-VI of FIG. 4;

shows, by way of sectional views, four lens blanks
each having a blocking face of different pre-
determined curvature, that were blocked using a first
method according to the invention in which identical
lens blocks and an adhesive composition comprising in
an un-polymerized state a 1liquid UV/VIS curable-
adhesive and a filler as a non polymerizing solid are

utilized;

shows, by way of sectional views,  four lens blanks
each having a blocking face of different pre-
determined curvature, that were blocked using a

second method according to the invention. in which
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FIG.

FIG.

FIG.

9

10

11

_15_

lens blocks with two different block curves only and
an adhesive composition comprising in an un-
polymerized state a liquid UV/VIS curable adhesive
and a filler as a non polymerizing solid are

utilized;

is a diagram illustrating a typical distribution of

ophthalmic lens front curves for a given population;

shows, by way of a plan view and a sectional view on
line X-X, respectively, an ophthalmic 1lens blank
comprising a bifocal segment (left side) that 1is
blocked on a 1lens Dblock (right side) in a

conventional manner; and

shows, by way of sectional views, four 1lens blanks
each having a blocking face of different pre-
determined ‘curvature, that were blocked using a
conventional method, in which a ©plurality of
different lens blocks is utilized that have different
block curves each closely matching the blocking face

curvature of the assigned lens blank.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION

An apparatus for blocking an ophthalmic lens is generally

indicated by reference 30 in the accompanying illustrations.

The blocking apparatus 30 includes a cabinet having a top 32

and a hood structure 34 for partially enclosing the top 32. A

lens transporter 36 is moveably mounted on a first 1linear

actuator 38 affixed to the top 32. The first linear actuator 38

has a first servo motor or stepper motor unit for moving the

lens transporter 36 therealong and for moniforing its position.
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The blocking apparatus 30 has, aligned with the first linear
actuator 38 and incorporated into the top 32 of the cabinet, an
imaging station 40, a probing station 42 and a lens blocking
station 44. The blocking apparatus 30 encloses (cf. FIG. 2) a
camera 46 focused on the imaging station 40, an adhesive
composition reservoir 48 and a pumping unit 50 for pumping the
adhesive composition to the 1lens blocking station 44. The
blocking apparatus 30 further includes a controller in the form

of a central processing unit 52 for controlling its operation.

The imaging station 40 is utilized for lens orientation to
ensure that a lens blank 54 is property aligned and oriented at
the outset of the lens blocking process, with the aid of a
screen 56 for displaying lens orientation information generated
by the central processing unit 52 on the basis of image
information received from the camera 46. As to further
structural and functional details of the imaging station 40

reference is made to document US 2005/0139309 A.

Once orientation and positional parameters of the lens blank 54
have been determined, the lens blank 54 is transported by the
lens transporter 36 from the imaging station 40 to the probing
station 42 for probing the blocking face 58 of the lens blank
54. Again, further details as regards structure and function of
the lens transporter 36 and the probing station 42 can be taken
from document US 2005/0139309 A.

Once the blocking face 58 of the lens blank 54 has been probed,
the lens blank 54 is transported by the lens transporter 36
from the probing station 42 to the lens blocking station 44.
The lens blocking station 44 includes a UV and visible light
transmissive lens block support 60 for receiving and supporting
a lens block 62 with a lens mounting face 64 of the lens block
62 facing upwardly. In this instance the lens block 62 should

be of a transparent material capable of transmitting at least
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light in the UV spectrum and preferably also in the visible
spectrum. As to further structural and functional features of
the lens block 62, in particular the clamping portion of the
lens block 62 via which the lens block 62 can be held in the
lens blocking station 44 and later fixed on a spindle of a
surfacing machine (not shown), reference is made to document US
2005/0250430 A.

A UV light source 66 (see FIG. 6) is associated with the lens
block support 60 in that it is mounted so as to direct 1light
through an aperture 68 in the lens block support 60 which in
turn directs the UV 1light through the UV transmissive lens
block 62. A light source actuator which may -form part of the
central processing unit 52 is connected to the UV light source
66 to control activation and de-activation of the UV 1light
source 66. The UV light source 66 could incorporate a flash
lamp which emits a pulse of high intensity short duration light

within the UV spectrum and in the visible spectrum.

A dispenser for dispensing an adhesive composition curable by
UV/visible light is generally indicated by reference 70. The
dispenser 70 has a dispenser nozzle 72 at one end of a
dispenser arm 74. An arm actuator - which may be a motor such
as illustrated by reference 76 or a linear or other actuator -
may be provided to move the dispenser arm 74 from a deployed
position adjacent the lens mounting face 64 (FIG. 5) to a
retracted position clear of the lens mounting face 64 (FIG. 4)
and the lens transporter 36 (and vice versa) so as not- to
interfere with the placement of the lens blank 54 over the lens

mounting face 64 of the lens block 62.

The dispenser arm 74 merely controls position of the dispenser
nozzle 72. Accordingly the dispenser arm 74 can be telescopic

rather than rotatable as illustrated and possibly controlled by
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a linear actuator such as a fluid pressure actuated piston

within a cylinder.

The dispenser nozzle 72 fluidly communicates with the adhesive
composition reservoir 48 through the pumping unit 50 which
supplies the adhesive composition to the dispenser nozzle 72.
Alternatively, the adhesive composition reservoir 48 may be

pressurized thereby obviating the need for a pump.

It should be noted here that in the embodiment shown the
adhesive composition reservoir 48 as a - preferably replaceable
- pre-filled unit already contains the ready-mixed adhesive
composition comprised of an un-polymerized, i.e. liquid UV/VIS
curable adhesive and a suitable filler as a non polymerizing
solid. As an alternative to this however the blocking apparatus
may be equipped with a mixing unit for preparing the adhesive
composition from the above components that could be stored in
appropriate containers replaceably mounted to the blocking

apparatus 30.

The dispenser nozzle 72 is equipped with a valve or other shut-
off mechanism which communicates with the central processing
unit 52 to control dispensing of the adhesive composition
through the dispenser nozzle 72 when the dispenser nozzle 72 is
in the deployed position. Different control arrangements may be
used. A simple form of control is to monitor the time that the

dispenser nozzle 72 is held open. Other controls such as a

.metering pump may be utilized. Generally whatever control is

selected should dispense a measured amount of adhesive
composition which will substantially fill the gap between the
blocking face 58 of the lens blank 54 and the lens mounting
face 64 of the lens block 62.

In use, a measured amount of UV/VIS curable adhesive

composition is dispensed via the dispenser nozzle 72 of the
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dispenser 70 on the lens mounting face 64 of the lens block 62.
The lens blank 54 is moved by means of the lens transporter 36
over the lens block 62 with the blocking face 58 of the lens
blank 54 facing the lens mounting face 64. The lens transporter
36 then moves the lens blank 54 toward to the lens mounting
face 64 and into the liquid adhesive composition 78 (see FIG.
6) until the blocking face 58 of the 1lens blank 54 1is a
predetermined distance from the lens mounting face 64 of the
lens block 62.

Because the geometry and spatial relationships between the
blocking face 58 and the lens mounting face 64 are known, the
amount of adhesive composition 78 required can be calculated

and dispensed automatically without operator intervention.

At this stage, UV light is generated by the UV light source 66
and transmitted through the lens block 62 at a wavelength, and
intensity and for a duration sufficient to cause the adhesive
composition 78 to cure thereby bonding the lens blank 54 to the
lens block 62.

As a final step, the lens block 62 with the lens blank 54
attached thereto would be removed from the lens blocking

station 44 and released from the lens transporter 36.

FIG. 7 illustrates blocking results obtained by a blocking

process that comprises the following steps:

(a) providing a plurality of 1lens Dblocks 62 each
comprising a lens mounting face 64 that has a pre-determined
block curve, wherein the lens blocks 62 all have the same block
curve - in the example shown the lens blocks 62 all have an
essentially spherical lens mounting face 64 with a block curve
of 5 diopters;
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(b) taking out one of the lens blocks 62 of the plurality
of lens blocks 62 - in a prescription workshop the lens blocks
62 usually are stored in a holding/dispensing container from
which individual lens blocks 62 can be taken out; in this
instance no selection is necessary since the lens blocks 62 are

identical;

(c) mixing an adhesive composition 78 comprising in an
un-polymerized state a 1liquid UV/VIS curable adhesive and a
filler as a non polymerizing solid, wherein a mixing ratio of
the adhesive and the filler is selected to have a dimensional
change and exothermic heat of polymerization of the adhesive
composition 78 upon setting low enough so that the adhesive
composition 78 is capable of setting without imparting undue
stresses on the lens blank 54 and without de-bonding of the
lens blank 54 from the adhesive composition 78 - as indicated
earlier such mixing may take place shortly before dispensing
the adhesive composition 78 for blocking purposes, possibly
even in the blocking apparatus 30, or as an alternative to this
at an earlier time, perhaps outside the prescription workshop

already;

(d) applying to preferably the lens mounting face 64 of

the lens block 62 the liquid adhesive composition 78;

(e) urging the lens blank 54 toward the lens block 62 -
or vice versa or both; obviously the relative movement between
lens blank 54 and lens block 62.is important - with the
blocking face 58 of the lens blank 54 facing the lens mounting
face 64 of the lens block 62; and

(£) generating UV or visible light and transmitting the
light to the adhesive composition 78, the light being of a
wavelength and an intensity and applied for a time interval

sufficient to cause setting of the adhesive composition 78.
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As compared with FIG. 11 illustrating the prior art, FIG. 7
shows the same lens blanks 54 as those of FIG. 11 in terms of
blocking face curvature (a) 0.5 diopters, b) 2 diopters, c) 6
diopters, and d) 10 diopters), however now blocked on only one
block curve of 5 diopters in this instance. This helps
illustrate the issues associated with a reduced number of block
curves, and why +the proposed solution is felt to be

advantageous.

In FIG. 7 it first appears as though the usage of blocking
material will be considerably greater than that seen to be used
in FIG. 11. The amount of blocking material used is however not
as great as one would initially think, given the reason that
the single block curve can be chosen to best fit the majority
of spectacle lenses in a statistical distribution of lens base

curves.

In this connection FIG. 9 illustrates a typical base (front)
curve distribution for a given population. Because of this
distribution, and also considering proper selection of an
optimal block curve, the blocking material usage 1is only
increased by 10 to 15% when using one block curve compared to 7
block curves. If two block curves are used, then the increase
in blocking material usage is calculated at only 6% more than
with 7 block curves. This marginal increase in blocking
material consumption is easily compensated by the cost
reduction associated with managing only one or two block curves

versus the high number of curves typically encountered.

One of the issues raised when using a low number of block
curves becomes clear from FIG. 7 a), b), and d). This 1is the
issue of uneven shrinkage associated with the non-constant
blocking material thickness. Shrinkage is mainly caused by the
polymerization of the UV/VIS curable adhesive, but can also

come from thermal effects when this material is cured.
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Depending on what type of chemistry is wused, and what
temperatures are reached during curing it is possible to see
material shrinkage ranging between 2 to 10% or even more. High
temperatures can come from energy of the curing radiation, but
also from the exothermic heat generation caused by the chemical
reaction during polymerization. Temperatures ranging between 10
and 40°C above the initial room temperature can easily be
reached; and when the block assembly cools back down to room
temperature it will shrink according to the different CTEs
(Coefficients of Thermal Expansion) and mechanical properties
of the final assembly. This shrinkage will be internally
constrained and can cause unwanted mechanical (thermal)

stresses in the final assembly.

Although shrinkage is a three dimensional effect, the amount of
axial shrinkage at a given point is generally considered to be
proportional to the thickness of the UV/VIS curable adhesive at
that point. One can clearly see that this, given sufficient
shrinkage, would result in a change of blocking material
geometry. This change can have two undesired effects: The first
is de-bonding of the lens blank from the blocking material
caused by the blocking material "pulling away" from the lens
blank. In FIG. 7 a) de-bonding would tend to happen more at the
center of the lens blank 54, whereas in FIG. 7 d) one would see
this more at the edge. The worst situation in this case is seen
in FIG. 7 a), where any de-bonding at the center could cause
unacceptable distortion at the center due to lack of support of
the lens blank 54 during surfacing. In addition to this, even
if no de-bonding is present, because of the final thin center
lens geometry, shrinkage at the center would tend to modify the
final curvature at the center, thereby introducing power
errors. The case seen in FIG. 7 d) is much 1less critical
related to power errors since the center of the lens 1is

expected to stay relatively thick (positive power) therefore of
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high rigidity, and able to better withstand stresses coming

from shrinkage.

To address among other things the above issues a specially
selected filler(s) as a non polymerizing solid is added to the
UV/VIS curable blocking material as will be explained in more
detail below.

Turning now to Fig. 8 it illustrates blocking results obtained
by a further blocking process that comprises the following

steps:

(a) providing a plurality of 1lens Dblocks 62 each
comprising a lens mounting face 64 that has a pre-determined
block curve, wherein the lens blocks 62 have a few different
block curves only - in this instance, again, the lens blocks 62
all have an essentially spherical lens mounting face 64, and
there are provided lens blocks 62 of two different block curves
only, namely lens blocks 62 comprising a concave block curve of
0.5 diopters (FIG. 8 a) and b)), and lens blocks 62 comprising

a concave block curve of 5 diopters (FIG. 8 c) and d)); and

(b) selecting a lens block 62 having a specific block
curve depending on the curvature of the blocking face 58 of the
lens blank 54 so that the block curve matches the curvature of
the blocking face 58 as best as possible - in the example shown
this step was carried out to the effect that, in the blocked
state of the lens blank 54, a gap between the lens mounting
face 64 of the lens block 62 and the blocking face 58 of the
lens blank 54 is minimized in a central region of the lens
block 62 in order to minimize or even suppress the induction of
stresses into the blocked lens blank 54; so the 0.5 base lens
blocks 62 were assigned to the 0.5 and 2 base lens blanks 54
(FIG. 8 a) and b)), whereas the 5 base lens blocks 62 were



10

15

20

30

35

WO 2009/003660 04 PCT/EP2008/005306

assigned to the 6 and 10 base lens blanks 54 (FIG. 8 c¢) and
d)).

The remaining steps in this process alternative are the same as

steps (c) to (f) discussed above in connection with FIG. 7.

As to the material requirements which should be met by the
adhesive composition 78 comprising the adhesive curable by UV
or visible 1light that is liquid in the un-polymerized state,
and the filler as a non polymerizing solid, the following is to
be noted.

Generally it is desirable to achieve certain mechanical and
thermal properties in the cured material. These properties are
such that good lens support is achieved, while maintaining or
even enhancing the ability to deblock the lens upon demand. In
this context "deblocking” means to release the adhesive bond
between lens and adhesive composition through chemical,
thermal, mechanical or some other means or any practical

combination thereof.

Multifunctional fillers or special combinations of fillers can
be used to either maintain or modify the material properties
while simultaneously reducing shrinkage, exothermic heat of
reaction, and cost. Another potential function of the filler is
to modify the adhesive properties under certain controlled

conditions to permit easier deblocking.

The cured material typically needs to be sufficiently rigid to
prevent flexing and movement of the lens or the area of the
lens in the immediate vicinity of the cutting tool during the
machining process. Having a flexible blocking material however
makes it easier to "peel" this material off the lens during the
deblocking process. A hard and brittle material is difficult to

peel off, and tends to break into smaller pieces, whereas a
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soft pliable and cohesive material will more easily peel off in

one piece.

If mechanical peeling is chosen over other deblocking methods,
the preferred material will have either a rigidity level
sufficiently high to allow surfacing while being sufficiently
low for deblocking, or it could be subjected to a "softening"
process prior to deblocking. This "softening" process could for
example be heating of the blocking material by immersion in
warm water, or exposure to other forms and/or wavelengths of
radiation such as IR or microwaves. In this case the adhesive
composition should be designed to better support deblocking
with certain modifiable properties such as reduction in
hardness, possibly also combined with reduction in

adhesiveness.

A small amount of metal fibers, granules, or powder can be
added to the filler to enhance heating of the cured blocking
material in microwave energy. A small quantity (1 or 2% by
weight of the composition in total) of fine aluminum fibers
mixed with the liquid adhesive are not enough to prevent curing
since the UV radiation can still easily penetrate the adhesive,
but yet provides sufficient absorption of microwave energy to
significantly accelerate heating of the material. A microwave
exposure time of 15 seconds is all that is needed to raise the
material temperature from 30°C by 25° as compared to 20 seconds

without the aluminum fibers.

Other possibilities for accelerated heating of the cured
blocking material to facilitate deblocking by "softening"” the
cured blocking material would be to add a small percentage (1
to 5% by weight of the filler in total) of metal particles
having generally high electrical resistance, and use induction
heating elements to induce electrical currents into the

particles. The electrical resistance to current flow in turn
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generates heat in the particles, which then transmits to the
surrounding material, thus heating the blocking compound. Other
non-metallic, yet conductive materials such as carbon, and
certain semi-conductive particles could also be used with

induction heating technology.

One example of a multifunctional filler material that can be
used to maintain or improve hardness and rigidity at normal
surfacing process temperatures, yet enhance the flexibility
during deblocking is e-Caprolactone. E-Caprolactone (also
Polycaprolactone) is a thermoplastic monomer, and is
sufficiently translucent to allow UV and/or visible 1light
transmission, and therefore allow curing of a matrix of liquid
UV adhesive and e-Caprolactone particles as a non polymerizing
solid filler. Fill ratios as high as 65% by weight of e-
Caprolactone were successfully cured and tested for hardness
and adhesion to the 1lens blank and 1lens block. At room
temperature this material can be selected to be quite hard
(e.g., between 50 and 70 Shore D), then, after surfacing, the
cured blocking material can be heated and allowed to reach a
point where the e-Caprolactone particles are soft (e.qg.,
between 10 and 40 shore D) however not 1liquid. These
temperatures are sufficiently low (between 35° and 60°C for
instance) so as to not damage the lens. The UV/VIS cured
adhesive component in the matrix stays solid, but the e-
Caprolactone particles, being significantly softer at these
temperatures, cause the whole matrix to be softer, and thus
considerably improve the ease of removal of the blocking
material from the 1lens. E-Caprolactone has a relatively low
Glass Transition Temperature (Tg) so all processing would be
done at higher than Tg in this case. Other materials similar to

e-Caprolactone can also be identified.

Another variation is to use a filler material with a Tg above

surfacing process temperatures (typically <close to room
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temperature), yet lower than temperatures that could
permanently damage a surfaced lens (80°C). The MatWeb database
(www.matweb.com) has listed 235 polymer materials with a Tg
between 25° and 80°C. These can be used to achieve certain
mechanical properties at process temperatures (e.g., high
stiffness and hardness), then change these mechanical
properties by raising the temperature above Tg. One such
material of interest is ExxonMobil "Escor AT320 EMA-AA
Terpolymer". This is an Ethyl-Methyl-Acrylate-Acrylic Acid. It
is solid at room temperature and can be mixed in solid particle
form with the 1liquid UV/VIS curable adhesive material. It
provides an excellent surface for bonding to acrylate based
UV/VIS curable adhesive materials since it is itself acrylate
based.

Another material family that has been shown to have many
desirable functionalities as fillers for this application is
that marketed by Lucite International Specialty Polymers Ltd.,
under the trade name of "ELVACITE® . These materials can for
example be High Methacrylate Resins, Ethyl Methacrylate Resins,
Methacrylate Copolymer Resins, or Butyl Methacrylate Resins.
Their properties range from low to very high molecular weights,
and Tukon hardness between 1 and 20 (Knoop No.), and Tg between
15°C and 110°C. One of these materials that has proven
effective for this application is "ELVACITE® 2550" (Methyl/ n-
Butyl methacrylate copolymer) with a Tg of 36°C. It is
relatively soft with Knoop hardness number of 4 but capable, if
used with rather high fill percentages (60% to 70%), to ensure
sufficient stiffness for surfacing, while facilitating
deblocking due to the relatively low hardness and particular
thermal properties. BAn added benefit to these products is that
they can be directly purchased in a small diameter spherical
bead form. The typical bead diameters are between 10 to 200
microns, which makes them directly wusable without pre-

processing to grind larger pellets down to an acceptable size.
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Filler should also be non abrasive, and non destructive to
cutter tools. If one cuts through the cured blocking material
with a cutting or grinding tool it should not damage the tool.
Some increased wear can be acceptable in certain circumstances
however the amount of increased wear tolerated by the customer

is typically driven by total process economics.

The preferred filler particle geometry (generally spherical)
and size (smaller than 2 mm, more preferably equal to or less
than 1 mm) have been discussed already. :Another important
property of the filler is that it must not prevent or unduly
slow down the curing process by blocking or somehow inhibiting
the UV and/or visible electromagnetic energy from reaching the
photoinitiators imbedded in the UV/VIS curable adhesive
material. Thus transparency and/or translucency to the photo
active wavelengths 1is considered very important for the

selection of a compatible filler.

A still further desirable feature or function of the filler
material is to reduce outgassing by incorporating a very low
outgassing material(s), and thus significantly reduce the
"vacuum pumping times"™ if and when a complete blocked lens is
introduced into a vacuum chamber typically used in thin film
coating processes. Three major sources of outgassing can be VOC
emissions (Volatile Organic Compounds) from solvents, uncured
remainders of liquid resin, and water moisture trapped within
the blocking material. All three of these materials can
vaporize in a vacuum and create a situation where it is
difficult or slower than desired to reach the level of wvacuum

required for the coating process.

In the case of solvents the preferred approach is to avoid
introducing any solvents in the liquid compound. This means it

is generally preferred to use 100% solids type resins to
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guarantee no solvent stays in absorption in the cured blocking
material. Incomplete cure can be a cause for the liquid resin
remaining within the '"cured" material. This problem is
generally addressed by again providing a UV/VIS transparent/
translucent filler, and providing better curing technology,
such as a better focussed high powered light source to scan the
lens block, or ultra high energy XENON flash lamp technology.
The third situation is that of moisture content. In this case
it Dbecomes important to choose low moisture absorption
material(s) for the filler. Examples of such materials are

polycarbonate and PET based materials just to name two.

Finally, a strongly preferred approach is to directly re-use
the UV/VIS cured adhesive material in a reground state as a
filler. What is proposed is that as lenses are deblocked,
instead of discarding the cured UV blocking material, the
operator can simply put it into a small grinder designed to
regrind the material to the proper particle size. This reground
material is then mixed with new uncured UV/VIS curable adhesive
material in the proper mixing ratio using known measuring
technology and apparatus and methods. Metering screws using a
mixing nozzle is one approach. The preferred mixing ratios are
between 40%/60% and 70%/30% filler granulate vs. liquid UV/VIS
curable adhesive material. This concept allows continuous or on
demand mixing of the two components in relatively accurate
mixing ratios, and can also be used to deliver the correct
amount of mixed adhesive composition to the lens block. Another
simpler approach is to simply weigh the .correct amount of .
components for a batch, and mix with a powered hand mixer such

as a hand drill assisted paint mixer.

One of the main advantages to using reground material is that
all the shrinkage and exothermic heat reduction are obtained
that would normally be expected with other fillers, while

simultaneously reducing cost even more than if these other



10

15

20

25

30

35

WO 2009/003660 30 PCT/EP2008/005306

fillers were used. The cured blocking material would normally
end up in disposal, so recycling 50% to 70% of it has both
economic and. environmental benefits. Cost benefits are realized
since its cost 1is near zero. The only costs are those of
handling, grinding, and mixing. Environmental benefits come
from the fact that the disposal volumes are significantly
reduced. Another advantage is that new uncured material bonds
very well to the cured material due to chemical similarity
between the two. Still another benefit is that any variation in
mixing ratios will not affect the final mechanical and thermal
properties such as temperature dependent hardness/flexibility,
softening point, etc. This simplifies mixing and quality
control of the mixed adhesive composition since tolerances to
mixing errors are much greater. Other advantages are those of
consistent and predictable UV transmissibility, "all in one"
compound design not affected by foreign or not completely

compatible fillers, no filler quality variation, etc.

It is to be noted here that the last two paragraphs assume
using "pure" uncured and unfilled UV/VIS curable adhesive
material to start with, then after this material has been cured
it is ground and used as a filler with new 1liquid (uncured)
material. From this point forward, when a lens is deblocked,
the UV/VIS cured blocking material is recycled by grinding and
mixed as a non polymerizing solid filler into new uncured
UV/VIS curable material.

EXAMPLE 1

A mixture of 60% by weight Solvay "Polycaprolactone C6500" with
a particle size of -3 mm, and 40% by weight "General #3" UV
curable blocking compound (PL110284-02, MFG. DATE: Jan 23,06-
01) containing acrylate resins, monomers and photoinitiators,

and sold by MotionFab (609891 NB Ltd.) of Moncton, New
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Brunswick, Canada was tested. (The General #3 blocking compound
was formerly known as "ULTRAGRIFP® sold by Micro Optics Design
Corporation of Moncton, New Brunswick, Canada). As 1in the
following examples the individual components of the adhesive
composition, i.e. the liquid UV curable adhesive and the solid

filler particles were mixed thoroughly by hand.

The mixed product cured successfully due to the fact that the
"white" C6500 particles transmitted enough of the photo active
wavelengths to obtain complete curing after 10 seconds of
exposure time using a "Fusion" UV lamp (which can be obtained
from Fusion UV Systems, Inc. 910 Clopper Road Gaithersburg,
Maryland 20878-1357 USA) mounted with a "D" type bulb.

The main disadvantages to this material seemed to be the large
particle size, and the relatively high cost of the C6500. The
hardness at room temperature of the mixed and cured sample was
measured to be in the range of 39 to 55 Shore D which very
closely matches the hardness of cured General #3 (38 Shore D)
and C6500 measured at 57 Shore D. A multiple reading average
gave a value of 45.6 Shore D. The reason for the large variance
and close correlation to the hardness's of each component has
been attributed to the large particle size and the probability
of measuring with the gage point directly over a (6500
particle, or in between particles. Also, the C6500 particles
were covered by a non uniform thickness of General #3, which

further added to the unpredictability of the measurements.

A softening of the cured adhesive composition measured as a
reduction in average hardness to 35 shore D at a deblocking
temperature of 50°C was however clearly seen, and facilitated

deblocking.
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The large particle size of the (C6500 was seen to be a problem
for two major reasons; the first was that this increases the
minimum gap achievable between the lens blank and the lens
block, therefore increasing the quantity of material needed for
blocking. The second problem was seen to be irregular shrinkage
causing a small ripples or variation in optical power in very
thin lenses. This is explained by shrinkage between granules
being greater than the shrinkage directly over a granule, with
another possible contributing factor being the variance in
hardness causing a variation in support stiffness provided by

the cured blocking material.

EXAMPLE 2

A mixture of "Elvacite® 2550" (Methyl/ n-Butyl methacrylate
copolymer) obtained from Lucite International Specialty
Polymers Ltd. and General #3 was prepared at a ratio of 60% by
weight Elvacite® 2550 to 40% by weight UV compound, i.e.
General #3. This increased the overall hardness of the cured
adhesive composition to 40.4 Shore D, and resulted to a much

lower variance in hardness.

The particular sample of Elvacite® 2550 used had generally
spherical or ellipsoidal particles of irregular diameters
ranging from 15 to 460 microns, with an average particle size

of 350 microns.

The low Tg (36°C) and relatively low hardness of 28 Shore D of
the cured mixture at 50°C deblocking temperature gave a good
combination of stiffness at processing (surfacing) temperatures
and high flexibility at deblocking temperatures. The 350 micron
particle size was also seen to be a benefit for providing

uniform shrinkage and support in addition to minimum gaps of
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less than 0.5 mm being possible. And finally the UV
transparent/translucent properties of the Elvacite® 2550 filler
made it very easy to cure the adhesive composition with all the

different light sources that were tested.

EXAMPLE 3

A third compound was prepared using ExxonMobil "Escor AT320
EMA-AA Terpolymer". The 60% by weight of Escor AT320 filler to

40% by weight of General #3 was again used.

The particle geometry of this filler was irregular, and the

particle size was such that it passed through a 1.5 mm screen.

This adhesive composition 1is seen to be an advantageous
material from the thermal properties perspective, and was
tested for support at a surface processing temperature of 23°C
and deblocking temperature between 55°C and 60°C. Hardness
reduced on a slope of 0.4 Shore D per °C, but started at a
relatively low 25 Shore D hardness at 25°C. This hardness 1is
lower than the General# 3 hardness of 38 Shore D so it is felt
that other products from this filler material family may
provide better stiffness at surface processing temperatures
between 20 and 25°C.

EXAMPLE 4

A fourth compound was prepared and tested using a filler made
from cured, i.e. polymerized pure General #3 at 50% by weight
and liquid (uncured) General #3 at 50% by weight. In this
instance the final cured adhesive composition is always General

#3 since the filler is also the same General #3.
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The cured material was ground to have particle sizes between
0.5 and 1.5 mm, and an average size of 1 mm. These particles
were very irreqular in shape due to the grinding process used.
Higher fill ratios were difficult to obtain, possibly due to

the irreqular particle geometries.

This material had all of the advantages of other filled
materials tested; namely lower shrinkage, and lower exothermic
heat of polymerization. In the polymerized state, i.e. as a non
polymerizing solid filler it is UV transparent and forms a very
coherent solid mass of material with identical mechanical and
thermal properties to that of the unfilled material. Major
advantages of this approach to recycling the blocking material

itself are those of low cost and of reduced material wastage.

EXAMPLE 5

A fifth Dblocking material was prepared from the uncured
adhesive composition according to EXAMPLE 4 above by adding 2%
by weight of the filler in total of small aluminum fibers
("Aluminiumfasern Al Mg S Kurzfaser F35") purchased from Alroko

GmbH & Co. KG, of Hamburg, Germany.

The fibers were very irregular in size and shape. They ranged
in length from 0.5 mm to 3 mm, and varied in diameter from 0.1
to 0.5 mm.

The purpose of the added fibers was simply to shorten the
heating time using microwave energy. This proved to be very

effective for this purpose.

A new lens blocking material (adhesive composition) is proposed

that essentially overcomes the drawbacks of previous blocking
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materials. This new material combines traditional UV and/or
visible 1light (VIS) curable polymer materials with specially
selected filler(s) as a non polymerizing solid in order to
achieve or improve certain desirable material propefties,
including those of 1low shrinkage, low exothermic heat of
polymerization, and improving the ability to deblock, while
simultaneously reducing the high cost associated with such
UV/VIS radiation curable materials. The new material is being
used in methods for blocking a lens blank onto a lens block
with a lens mounting face that has a pre-determined block
curve, in which the number of different block curves required

to cover the full range of standard lenses is minimized.
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step discontinuity
bifocal segment

base curve

lens block

UV cured adhesive

gap
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lens mounting face
blocking face
blocking apparatus
top

hood structure

lens transporter
first linear actuator
imaging station
probing station

lens blocking station
camera

adhesive composition reservoir
pumping unit

central processing unit
lens blank

screen

blocking face

lens block support
lens block

lens mounting face
UV light source
aperture

dispenser

dispenser nozzle

dispenser arm
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CLAIMS:

1. A method for blocking a lens blank (54) having a blocking
face (58) of pre-determined curvature, said method comprising
the steps of:

(a) providing a plurality of 1lens blocks (62) each
comprising a lens mounting face (64) that has a pre-determined
block curve, wherein said lens blocks (62) all have the same
block curve;

(b) taking out one of said lens blocks (62) of said
plurality of lens blocks (62);

(c) mixing an adhesive composition (78) comprising in an
un-polymerized state a liquid adhesive curable by UV or visible
light and a filler as a non polymerizing solid;

(d) applying to at least one of said blocking face (58)
of said lens blank (54) and said lens mounting face (64) of
said lens block (62) said adhesive composition (78);

(e) urging said lens blank (54} toward said lens block
(62) with said blocking face (58) of said lens blank (54)
facing said lens mounting face (64) of said lens block (62):;
and

(f) generating UV or visible light and transmitting the
light to said adhesive composition (78), said light being of a
wavelength and an intensity and applied for a time interval
sufficient to cause setting of said adhesive composition (78);

(g) wherein a mixing ratio of said adhesive and said
filler is selected to have a dimensional change and exothermic
heat of polymerization of said adhesive composition (78) upon
setting low enough so that the adhesive composition (78) is
capable of setting without imparting undue stresses on said
lens blank (54) and without de-bonding of said lens blank (54)

from said adhesive composition (78).
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2. The method according to claim 1, wherein said lens blocks
(62) all have an essentially spherical lens mounting face (64)
comprising the same block curve selected in accordance with a
distribution of said blocking face (58) curvature of lens

blanks (54) to be blocked for a given population.

3. A method for blocking a lens blank (54) having a blocking
face (58) of pre-determined curvature, said method comprising
the steps of:

(a) providing a plurality of 1lens blocks (62) each
comprising a lens mounting face (64) that has a pre-determined
block curve, wherein said lens blocks (62) have a few different
block curves only;

(b) selecting a lens block (62) having a specific block
curve depending on said curvature of said blocking face (58) of
said lens blank (54) so that said block curve matches said
curvature of said blocking face (58) as best as possible;

(c) mixing an adhesive composition (78) comprising in an
un-polymerized state a liquid adhesive curable by UV or visible
light and a filler as a non polymerizing solid;

(d) applying to at least one of said blocking face (58)
of said lens blank (54) and said lens mounting face (64) of
said lens block (62) said adhesive composition (78):;

(e) urging said lens blank (54) toward said lens block
(62) with said blocking face (58) of said 1lens blank (54)
facing said lens mounting face (64) of said lens block (62);
and

(f) generating UV or visible light and transmitting the
light to said adhesive composition (78), said light being of a
wavelength and an intensity and applied for a time interval
sufficient to cause setting of said adhesive composition (78);

(g) wherein a mixing ratio of said adhesive and said
filler is selected to have a dimensional change and exothermic
heat of polymerization of said adhesive composition (78) upon

setting low enough so that the adhesive composition (78) 1is
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capable of setting without imparting undue stresses on said
lens blank (54) and without de-bonding of said lens blank (54)

from said adhesive composition (78).

4. The method according to claim 3, wherein said lens blocks
(62) all have an essentially spherical lens mounting face (64),
there being provided lens blocks (62) of two different block
curves only, namely lens blocks (62) comprising a concave block
curve within the range of 0 to 4 diopters, and lens blocks (62)
comprising a concave block curve within the range of 4 to 8

diopters.

5. The method according to claim 3 or 4, wherein said step of
selecting a lens block (62) is carried out to the effect that,
in the blocked state of said lens blank (54), a gap between
said lens mounting face (64) of said lens block (62) and said
blocking face (58) of said lens blank (54) is minimized in a

central region of said lens block (62).

6. The method according to one of the preceding claims,
wherein said lens blocks (62) are capable of transmitting UV or
visible 1light, and wherein said step of generating UV or
visible 1light and transmitting the 1light to said adhesive
composition (78) includes transmitting the 1light to said

adhesive composition (78) through said lens block (62).

7. The use in lens blocking of an adhesive composition (78)
comprising:

an adhesive curable by uv or visible light that is liquid
in an un-polymerized state; and

a filler as a non polymerizing solid.

8. An adhesive composition (78) for lens blocking comprising:
an adhesive curable by UV or visible light that is liquid

in an un-polymerized state; and
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a filler as a non polymerizing solid;

wherein the mixing ratio of said adhesive and said filler
is in a range from 70%/30% to 30%/70% by weight adhesive vs.
filler.

9, The method, use and adhesive composition (78),
respectively, according to one of the preceding claims, wherein

said filler consists of solid particles.

10. The method, use and adhesive composition (78),
respectively, according to claim 9, wherein the filler particle

geometry is generally spherical.

11. The method, use and adhesive composition (78),
respectively, according to claim 9 or 10, wherein the filler
particle size is smaller than 2 mm, preferably equal to or less

than 1 mm.

12. The method, use and adhesive composition (78),
respectively, according to one of the preceding claims, wherein
the filler contains a small amount of metal fibers, granules,
or powder, preferably aluminum fibers in a quantity of 1 to 2%

by weight of the composition in total.

13. The method, use and adhesive composition (78),
respectively, according to one of the preceding claims, wherein
the filler material is transparent and/or translucent to photo

active wavelengths of UV and/or wvisible light.

14. The method, use and adhesive composition (78),
respectively, according to one of the preceding claims, wherein

the filler material has low moisture absorption properties.
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15. The method, use and adhesive composition (78),
respectively, according to one of the preceding claims, wherein
the filler material has a Glass Transition Temperature (Tg)
between 25° and 80°C.

16. The method, use and adhesive composition (78),
respectively, according to one of the preceding claims, wherein
the filler material is selected from a group comprising:

the UV or visible 1light cured adhesive in a reground
state; and

plastic materials including e-Caprolactone, Terpolymer
derived from Ethyl-Methyl-Acrylate-Acrylic Acid, Polycarbonate,
Polyethylene (PET), High Methacrylate Resin, Ethyl Methacrylate
Resin, Methacrylate Copolymer Resin, Butyl Methacrylate Resin,
and Methyl/ n-Butyl Methacrylate Copolymer Resin.
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| b) 2 Base Lens &
5 Base Block
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a) 0.5 Base Lens &
0.5 Base Block

b) 2 Base Lens &
0.5 Base Block
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5 Base Block -
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d) 10 Base Lens &
5 Base Block

~ ¢) 6 Base Lens &
5 Base Block

d) 10 Base Lens &
5 Base Block
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FERERRS iR UV &ENREMEE XM R, BA
RUEMAKER (7 8 8 AREBRIMERELHITEBER MR FEL, N
TRFFRETEE S BT UREBRA SR RWENEW. B 11 BRTH
RZAER RS 18 MIAERAR, SMEAEE 18 M8 =M 26 A
FUEM R L, PRSI 18 (iR £ RHR. EFRRN
Blyeh, SAME 18 GEEAKTENE R REM 26, BIIRRIR
AR a) 0.5 BN, b) 2JENE, o 6 JEXEM ) 10 EIHE, HEAX
58 A R BNk S A B 10 RS ST 28 BIAH R i 2R ITAD . BV 24
SRR, B PR, RERT 4 BARMNE STk 18; HiX
RELhF EFERAT 78 8 IRARIME R, WEFR. WE 11 FHE



200880018160. 1 o P E4/24m

B, ZEEFER T A T4 B 10 F085 F B 18 Z [ #) UV EL 4
20 BHEREBEAYSNEE, FEARFESR UV B ST 20 A
FHET S BN ERA

SR, HRAKEMNARRERELN T, SE 10 FIRKEREE R
Bi. SZANBRELHXN S — N BRI XBREBELNER. BYIF
ERBEEHNEF RSN MEMLE, REEMIRZE, (REEA
T ESHA) , FERE ML TNZEHSE, HEEESMRE
s/ mast. B, FrREAZANBRRMENTFEERXTEFTENE
o, WRT HEERIRTRENE, HEULHE KT & A SIS S

RFHNE

AR E RN —MEERRBRN L, HPEERER
P AT B BT M A B 2 BB B /ML, F HERRR T SRS E
WA EME AL 7B R F g5 < i R B AR BRI B e B R 4 —H
ATHEEAMERNESY, CidiiENE/BEEI EREK.

FRESSMEAFIESR 1. 3. 7 F 8 FIREMNFFERED. &KH
FIE S AE L R BT AR ZEK 2, 4-6 & 9-16 HJE K.

WIEAKBPK—ANTH, BET —MHEESEFERKNTIE, TR
FERRHETEAMEHHE, ZHEEFEUTIR:

(a) RUEZMEHEHR, BMEAFERORAZETER e
HoRBR Bl 2, AP FrReE R RRE R A MR RS L

(b) MBTR L ME F IR A U — M5 SRR

(¢) REAFBHERESIRER . AT UV 300 W6 E 1 BBESHE 45
FIFE R AT & BRI S A &Y

(d) ¥ EdREEF A SN LA BRI SEM ERE R
BRI R E P RS — L ,

(e) ¥ ERBEH BRHEN EREF TR, Kb ERGERFBEAS
T LR B A IR i Ak A

(f) P24 UV BRAT Wt H¥ LIRRER TR ERA Y, B
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IR B A AN 588 5 LA B ) 5 S B [ 2 A B 4L BT v 5 R 50

(g) A PTiRRE & FIA b EHB R & LIk B0, [EFTR A4
A ST E N RS BAMRT 2 EBK, FREMETHEY
R BT A SERRE R B FFEARNE LN B ASF RS
FERMNFRFTIRREFAEPA (de-bonding)

MEXREHK A —ANTH, RET —FMHMEEFBRNITE, FTd
BAERMMEHEATEN R, ZHEREUTEE:

(a) REFELENMER AR, FNMERFBRROEF ZERER —TE
RIS th2k, H o Prid s B ER JLA AR R R 2k

(b) RIE ARG R EBRMMSEKN LR 2, BEAFTERI
eI — AT R R, 1R TR IR ER 28 55 BTl A T 3 B 2SR BE AT B IT
AC;

() BREBFBERREARESH. TTH UV BAT W6 E K BSR4
FIRE R IR & BRI RS S A & '

(d) # LERKEFAAYHEME ERE R ERREEEMN ERE
RRAE R 2RETRED— L

(e) ¥ LR BN LR AR, K EREA BN E
AR M b X dap SN uk Yok i P

() P4 UV AT R, 308 LR CER B R ERA &Y, i
TR G B R g BT DL R N B R 4R 1A) 2 A BT pE S FI A &4

(g) HrhBriRAh &5 APk R KR & LR 200, SRR RG4S
FIH & Y7E B AL R R SR R 2 2 B G, (E/RTIREEHIAED
R EUTASER AR BER EFENE SN BEASFETRSR
FEENFRITAMAETASYIHRL .

B, 5 LRMAHEAML, XHMTIENILRZLERRED T HER
HMEMEE. PREART —MRREEKNE - TEEEBRE, B
R E AR R T ARRR RS g, #2803 Frifkih4,
MR IR IR 88 IR BLEBR BIERATT TE A H
B BT 7 8k 8 FhERsR d &L 7 7%
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A, B EREHEAML, R\EAEHARTENIERZ RS
T BEERRAREN. W UV 8 Wt B RB SR R 3E
B& BERER R SR A Y, R AR P BTl R 45 7 A IR SFUR VR
& B, TR AL 45 A& WTE B B R ST RS 222
BHAIE, {573 FT R S5 FIAL &4 e B B L T RS AE TR B R P4 R
CEBRN S BASMEHTIA T B IR N FTIE R G HAL S YL

TEXF T, HEEKERE LA FL. BT EHES KBS HRgEkR B
FRAETRRMEEHERN, 7SR IER G B AR E T A
WA CRES) &Y, I AZE BT I BBEEA R ARIRE ot
W48 el

dhah, REHRER UV siuiast B RBEA R £ AR “fReT” &
Wi, EAEE R RR AT — KPR, BT, e
£ UV/VIS MR RR BT, RIS R AT oK A RHE B 32 75 B B 48
WASRER 20 £ 40C. REFHMN T EREMNBSH TR BE. 5
BRAE SR Z AKRE CTE (AR MESE HBEATER
R . B, BT EABRES REIRgEZ S, Bl 5 ERm{E UV/VIS
B A AR AR AR, AR 3 FRAE T AL R R BT R TR AR
[ 5% 25 L 200 B AR AT R A

R AR (RETRBP RS HRUTREERD HIIEF
KR, WTERIEER UV/VIS MEEE RIS &5 M 2IFER
FUE, 45 9 RTE R — U th 45 T4 & 2 VE B KRS 1
BT .

FREB NS N EEFLRELHELS UV/VIS B ERIEET
PR T A . UV/VIS BEl4iRHE AR B SR &, BARA TR
BBAEST (UV/VIS) BEMLEINEIRFIGERF RS, SRENEGUEY
B RRAMN R E. Bz s, —BEAZE, HEPPRERRIBE CR
BE) RE. BEREEARFUSHEKEE (wood metal) B (
blocking wax) (E4n - ERMH BEHIBIEEERL) KUKTT XNBEL HHE
WM TEERER .
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fE LR —FHET, HEHTARRFBREH R —HER L H
BT, B RRBIFEHEE —NEARERNGF ZEE, g %
5 T AL FEAR Y A & B0 i B R RS & T b 2% T4 2 A RF I 20 A B
EEEA R —HR th k. XEFHEBIAEWAHTERAARN 26, B
WEEARNFR TSR 2 UG EME A B/ME. B, 5PERREIER AR AR
b, FETMARCHRERETEMRK CBFHE) HEL. Xk SBUEFEMH
IR ik, DMEFE i (B/Mb) MEMER, AR L RIE
MHHE.

TE LR —FomiES, MELFERRIRAEF /AN RMLER
KEER T, R RREGHAR M EARTDY RS Z3m, KPR
T AR EISR SR B4 058 A Bk, BIEF7E 0 £ 4 ESL e BRI Mk
B2 A R EAZE 4 £ 8 JENECE MR i 15 R R
T, RIBEERE RS RN A AL EH, bRk 2t ar 2o
poyial a8

T R TR — MR SEHEE) IR A SR R IRAT
HMRE, EFRERBAKNMEERESD, ERE R BRIOGH RIEH
FOPTIRGE A B HORG A T 2 [9) ) TR BRAE B R BRI o KR . BRI,
ARSI H S LI RAE RO (EEFND B/, ERERRS
WSS BERPEIRMANS CREFMIE JEED, FHRE MRP (£
B2 4, major reference point) i,

BN L, P Mg RRTUERNERY, EEARELIAM
e, B UV AT AT SR BRERIRESEFAEY), 518
SERESYRE L. B2, ET REFHARBEAR UV B AR
ik, HFEFAHFEP, FrkreE UV S0 IoEFH _ LIREE B4
FIE S5 BRSBTS SR RGBS HED.

WEALH, FRETEEASEPERNMERASY . Rk
SEXESWERE: () ERAWREREEN. WH UV ST A tEAH
¥R, A (b) VERIERGEAMERL, HARE R RR S LB
BRIEETO%EBIIMEFL 30X ERFIER 30X EEMMSFILL 702 E

12
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BHETERE 2 8. MAR W, TSR A RE & A Bt S BT R
G54 & Y 7E B AL B B R A BN R AL R B R, (R PTR RS A &
Yy e A B AL T R S BT R 88 B L= AR E LN EA TR
B BIRMFTR RS TIA SV 5 4t AL e R A I MR A PR L
, BRI ERL BRI A S YTE R T8 M & I S BURA KRR, an
FEEZMRBEN. FE, XFRSETEAYBRERRT MOER A HIE T
B 2 PRV A A B TE BT T AR R R BRI —F “RTHET R (B
HELERIRERE) .

B i SRR I 7 o1 6 B A R 5 A 4L ) R 8 R A I ) B A4 RURL
S, BABTIERR A S A B AT 5 AR Bl

At 156 SRR SBURL ) LT TR — R BB 8, R SRR E L
AR B FRETE A o BRTR LRI A R B (MR T ARSI 4
EWHIREE.

S B4 — A L ZE M R A (B RO SR 0B R
N6 £ B /N AT BREE /D 2 ZEK O/ RN B RTARIE R, XRRE BRI
RN NT 2 22K, REFRSTHANT 12X,

K ERER, MEBEEEREFORMERA%E. BRI A,
BITRNESAESYEE 12X EEA S BT %E. IHEENTHER
(T ST S B R A IR S, B ENER T AR B8 B X AL RORS SR R
B, AR AMEER R AT R .

feikh, FrRIEELST T UV R/ O BE KRB AN
F/S3EBN, LMEINZA S IA &Y RIEIL.

Bk SRR ELE TT LUR A (R REAF I, MRBE— e/ an
SRR BEREGE LR EANEZETRN, TRERERN.

Pru AR B, SRR ET LR 7E 25°CHN 80 CZ R MBI
HASELEE (Tg) . BT FAXFEAAR, ATUERTM T TEMERE (
BEBITEE) WAL -G R ORIEMER, RFXEN
MR LA BB R A B Tg WA LTS, UMETHR. EX—J7H,
80°C {1 - FRTT LARAR, o 708 TARSR, B LERK B H &P R B

13
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BEE T e RN TSR A EIUKAERARRE.
BIEREN 2, FrRiEp st A OB EERE (reground) REH
UV B0AT ROGE S S AR R A, TR R B a1 Al
, HZE-FE-NEBE-NRBRTEN=OHREREY, RKRE, RO (
PET) , BRERKEBNIE FERNERIEMIE, FENRREILED
Wie, FERERTEMEMFERNERFE/ETERLERYME. Rt
24N, ST AR R B 3% S 45 A AR U B R AT AT A EEAR R SRR RL G
ARREAR £ \

4 1 35 B

TR TR TG 5% B E R ARBR AR . ZEHES:

B 1 R EZEAR YR A R U Bk S v A S S B TR R AR A
BIBENE.

B2 2E 1 G I &SR

B 3 REEMENE, BTSN BB S SRR
Frifh b,

B 4 RRHENE, ATRNESBEEREEERERE, i
B b TR A B R G T & 2 B2 |

B 5 £REENE, BTFRAERIERBEZ TS SRS,
150 B 7E FR TR B BRS04 S 5 8%

B 6 Y3 4 o VI-VI &R EIE.

7 UEMERERT 4 MEAEE, SMENEENMAEEER
TR, EIEEAR RN —M T EEts e, LPERATHRKN
B P AR S IR A, TRk S FA S Y REE R ESRERE
UV/VIS B0k 47004k 2 R 58 4 B A 1 SR

B8 LIEIMEERT 4 MEAEE, SMEABENKEAESER
FIROPIE BE, EATREA L RS e e, P EAngsT
Py B BT R R ROR & 4, TE R NS A S M EBERRS
RS A UV/VIS B4 7V A I B A B R a3kl .
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B 9 2 UL E N B BEER G A AT e s & oy A ) B

& 10 43 1138 5t T B A0 X-X & BB B — e IR A
B, CEBUESETREEERFER G LR—IERE (&
.

B 11 USREERT 4 MR EL, SMABRMSEESEAS
RHTRE R, EIIRBERTERNE, KPERE ARG HEH
LANRERE SRR, Ll T4 BRI BN HRS 6 T R E L.

ELARSE 77 R
FTHE e R A BN BT — R UGS 30 K. MiE
R 30 A4 B TG 32 A T E05 s B ATIR TS 32 M B 45 34 (AL
M. B 36 Wi RS e TATATIES 32 M —L& M IRshE
38 b, B IRz 38 B S —ARBSCE# B R, HTHEN
HO R BN F R 8% 36 B E I E .

HAEEE 30 B, S5 -&MIK308E 38 X B ERYUETR
W32 A, —ABERE 40, —NMEME 2 M—NMEAREE 4. Tk
HAHE 30 P (B E2) —MREERBRE 40 LKEEL 46, —
ANREEFIE S DIETESS 48 M—NATHMENAEMRIFTRER S
& 44 (ZRATE 50, FIRKGHE 30 BAFHTEHEEERN. XAT
R4 BT 52 TR AR IR .

EEF—AN AT Br B R BT 52 UNESL 46 WEIKER
15 B HER T ARG RE BRI 56, MRE 40 ATHEAER,
AR BB 54 MRS T2 — FF AR st & 24 X vE AN 52 71 X F R
% & 40 IS MRS RERISE— B AT, 1E & B LR 38R US 2005/0139309

—HEKERL 54 MR ESRELEE, AR ke 36
s BRI 54 W R BRBE 40 B EIEN & 42 LRI 7 B8 54 HIKS
AT 58, FIREMS, SETHEA RIS 36 LLREEIIG 42 MR AL
—SH T, FISREH|ICHER US 2005/0139309.
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— BRI 54 KRETH 58 EABHN, AR ERS 36 KR
B 54 NIRI G 42 (BEBBEAMEE M. ZBERAHEE 4 8F 1k
EH UV 0] WOERIEE R4 60, © A THRWEMZEE R TR 62,
Hoeh g A ARk 62 B A R aETH 64 TR L. EXFERT, SRR 62
N EFEVRIAM R, BEERZDERINGEN, RIFRBEEERER
RIGESEE. ST BR 62 M — D HEMAIThHERFIE, fealfE
B 62 BE R EEE R A G 44 P E e R E ML CR
D B 4B R R 62 FISEFEER S, 15 S LR SCER US2005/
0250430,

UV 638 66 (L 6) S8 HHRIRHE 60 FHRER, FridalR ot &
ek Sl A A R ER B 60 R —NFLIR 68, AREEH UV e
I S B4R A R BR 62, JEURIRSNER P LATE R RACEE B T 52 B — B4
, Hu RS AME IR 66 LAFES] UV YR 66 RIBIEM E#ITE. UV
U8 66 T LLELE —ANRGKT, B R HAERIMGIERIAT WOGEEE A K&
LY AN SR e sl 1 bt &

—FM AT MW UV/A] LB SEFIHEY R 7B — R U5 70
TR, HER 70 BEMTHESRE 74 —HH— N0 BECES28mIE 72, &K
£ T — NIRRT LR IR S 76 Fin i AL S M K5 2R B B K
ey, ATHOMmESE 74 NRIEEER ZHRE 64 I—MRITLE (B 5D
BB BME4E 24T 64 A E2% 36 MMM E (B4, Uik
THOBEE B B0 54 RIS TR 62 KB LI 64 & (RZIFRD

S BCEREE 74 (U FSHI A ECASHENE 72 AL E . Fk, S FECERE 74 AL
BAbgar, MARBRIBERER, HA REERaNRESR, KT HRE
KB HIEZE

SR SEmEHE 72 BT R BTT S0 SRS T S YA TF RS 48 TAREE,
FRETT 50 BRI A S B o FLAEWINE 72, FIRHuh, HER4EE
YIRETF S 48 FTLLRINER, MTTBA T RN E.

N ts R, FERTRISEHEGIT, TRk ERA-aYiEfras 48 2
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AR KA ER-TiER ST, CEESTRAFNERES (AIED
UV/VIS BELKE S FIFIVE H JE B8 & B A RS LB AR S A E Y.
B, fEH—FBRTE, R EEETURE— AT LA H
& Rk SR A S YR A AT, T LR 5 7T LA oy BIAFHETE vl Bt &2
SR SRR 30 LAEMARN.

AATRSRWENE 72 BH MRS TR, BE B RAEETT 52
MR AZE A O SR WA 72 AL T R T AL B AT & SR 45 77 4 & Wl g i 72
15y AL AT LAME AR BRI 464 — Fo 17 B (0 B 41 7 3 BRI e 72
REITIFROR ] . AT A eSSt &R . BRI, TRIERE
s, #NLSENE RIS FAEY, WEFTRRETNE SR
AL A IR 54 BIRESTH 58 S A HRER 62 M h 24K 64 Z [6] A9TE]
B

LEAE IR, W R0 UV/VIS Bl 474 &Y 7 Bods 70 Y
SAHE BRI NE 72 SRR YR ER 62 HUBEF w3EH 64 L. R BIE 54 I
i B R 36 BB B B Itk 62 2 b, R EIE 54 (KSSTHE S8 EXY
Fiikes B 2 35T 64, RIEE M 36 B B 54 R IR 64
B ABSETEEY 78 (LB 6) , BEHAERE 54 IHGTE
58 PR B4 FHRER 62 MO4E T R 64 A TUEREE A LE.

T kAT 58 F4s A 2T 64 Z AW LA 4MMTRIRRZ TN
1, FREMERAEY 18 WETLENTENSR, TREFEINA

TEXAMER, B UV S 66 724 UV e Ml 58 ik 62, H
el TR AR SRR B LIRS S AU &) 78 4L, TR BIE 54
R 45 B ERR 62,

Ve BE O S B, BE R Rth 62 BRI EREMHINEEA B4R 54 ATLUNEE
Fori A G 44 FEUF AW B3 36 B

B 7 B B DL T S AR A T E BB IR & 4 5

(2) BAEZAGE AR 62, A A R 64 BH—
ATRSE R R p Lk, BLrRFTAGE A Rk 62 BAMRMIERME, — 7EFT
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TR STHE I P TR A SRR 62 £ AE RSN 5 BN, FEAEK
T FE 4R 7 AR T 64

(b) METRZ /NS Lk 62 FEUH — MR Lk 62--7EFL B ZE M),
g5 B R ER 62 EETEMTE — MR/ RS, MZEB W UBUHEA
85 HERER 62; TEXFMEM T IRAE LERHATIES, FEAE TR 62 #4H[F

(¢) BEAEARESRASN. WH UV B VIS FELHBASH S
FE R IER S B AR R S I &Y 78, Forp BTl 4 FIAE B A
BO IR, TR EFAAY 78 B IR & AR T
AL R ER, FETRMERASY 78 RBEELTASERERA S
¥ 54 1 PE A ANE 2 R E NS BT IR B B3R 54 WFTIRRL S5 A&
78 BB —nRTETE, XFIRATTLESRATHE BN SHAEY
78 RAZBIHEAT, EET UL SRE 30 4T, BUENBRIITRE
B R MEE, AT REEERCR RIS E AT
(d) Wil Rk LS 78 M E kB ik 62 B A
ZAH 64
(e) ¥ LiR%EE H B I8 54 #E M _EiREF BB 62-- R Z IRAR BN PR ILHE
. BAR BRI 54 FE R R 62 Z KA IES) R EERN--H P LR
SR BIE 54 BRES T 58 TN _LIRBE A IR 62 i REeT 645 AN
(f) F24 UV BRI LG, 308 BB R B iR S RIA &) 78,
B3k 3 fr 38 R 38 B LA R e om A R e ) 2 LA B B AL S5 A & 40
58 11 #RmIma s AME, B 7 2Rl Bk 54 AF5E 11
MRS STME: () 0.5 BXE, (b 2EBE, (o 6 EHE,
A (D) 10 BXE, BEARBEATENREEEEERET 1S E
R IR SR 14 b X BT UL SRR AR D BB AR R R, LA
Bt A BRI T RN RE R
MWE 7T R EETT AR, BRBEMEMARHEZ THE 11 FEH
i, (HEFEANESHERIREBRVIEEXT 42, REETHESR
AR T LSS A BEEAEEAELNSE TSmO IR
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Ao

EXANHE, B9 WHTAEANBFN—NMREKEL (FIl) oA
. BT XM 4 3% BB ERk BRI TRt g, 567 MR
ML, TR 1| NMERREL T RPREMEEER RGN T 10 2 15%
OM%ﬁﬁﬁﬁﬁﬂ%ﬁ,mz&%%%éﬁﬂ%ﬂﬁﬁ%ﬁ%7¢ﬁﬂ
B2 21 6% . SEHFTAKMEHEKEMENBRMELL, XMkEHE
THFERR (B N, RA SRS EEAN 1 82 D IRR R AN SR M LA AR
RN =

ME 7a) . b) Fd) FLIHEBIAEMSHOERIMERFIREN—
AN, TR S E KA R B AR A B 0 A Hi4E £ R
B UV/VIS Bk SRR A AR, (B LR B X L6 E R 1
P o AR R L2 R B DL R fE B A R O B RR A, ATEAE B
7E 2-10% EE F RITEE N KPR . mRFTEIR B BRI E,
(ERA] LAk B B A R ik 2 R L7 A . BT LUR 2 5 M B3k BE AT 46
IR 10 F 40°CHIERRE, T A4S NAFAHR R, R\EELAMNF
(AR CTE (MK RSD FYUERE, BRHWgE. s m R
SR, FFATESIE RAAM P IRAFEMI (FO NS,

BRUMEREZHEBN, —BANAELESMHRESE S 2R/
UV/VIS Bk R ERERIF L. ATLUEZME B, mRE LB KL
, ABERESMEH LA SR . EMBUATUERIARER: —
BTSRRI MR BT “HTT” BRI R BRI
. TEE Ta) FECEE T AR A BIE 54 PO ML, TER 7d) FHE]
DEFCEAARENEEE. EXMERTE 7a) HANRREREK
o, HPZEFR O A R T RS B TR A BT 54 EREMTERE
ook 2 IR TIAE P AL A R TR G AR . BRI Ak, EMERCR AR
B, EABAET OISR JLSEH, P 0LRBESRR TERET
O HBAEME, NSIAFREREZ. B 7)) PEIRERRDOTE
53R ER LT ENE, BHAEANPORERE (EFHEE
BH bt B B R, TR T I AR S AR SR BN .

19



200880018160. 1 oM P E15/24m

A TR ERREE, BT HERHBUIN, RRBE—NEHEER
HEBME R IER G BARINE) UV/VIS BEibi B, OB T e e

NEZRE S, A HERFEUTERNA — NS T ETRE
CE LS

(a) REFEZNMERAL 62, BNMREARIHGEFZEE 64 B F—
AN IR R 2k, P TR B Fr sk 62 (N AF /LN AR HiZk; -
[FIFEHL, TEXASEHEGFATRER Bk 62 £ AFEARERARA L
M 64, HERGEHIEHR 62 NEFAPMAFRLEML, PEE 0.5 E
HE R MR MRS IRk 62 (B 8a) A b) ), LIRESE S EXE
FIMIRER ek ) 8s Rk 62 (B 8¢) F1d) ) ; AN
(b) R¥E_ LR EIE 54 ASETH 58 I LR dh R, EBAFRE

IR 1) — A R ER 62, {F1RFTIRM 2k 5 Frid A &1 58 R
AT BefF S UL BC—FE B n I SE I o, AT ZEBRBRE: EER B
54 HIRSEOIRA, BRI 62 RI4E F 24T 64 FI_EIRGE F B E 54 19
R 58 2 A [ BREEBE A IR R 62 L K g /s, EAEAE 5 I\ BUB0K
EHBEA B 54 FRIN A B/NREE MG Eik 0.5 Fek M8 R TR
62 M4y ERES 0.5 F1 2 FLEMEE R/ BEE 54 (E 8a) FAb) ) , T 5 BEL&H
BRI 62 47 Hiss 6 F1 10 LB B 54 (B 8c) Fd) ) .

ZERIEZNHEKTREL ESEE 7 RN ER o - (D MHEL

ETAESERRERETHEER. 7TH UV 3 VIS B4R L5
FENIER S B ARKIEB M EFIAEY 78 TR &4, UTE
FEERMR.

B A B BRI B P IR — E AR A . XL e
, TTBASEER B AP RO6 4 0, RN AR R T RSB RN 8 A R
Bo FEARREP MR RRBEME. BFE. IS EFRIENK
R SE I A R AR ARG S I B M R IR & 45 & .

Z DI Re R SRR B4R BR 4 & 7T AR SR R BB E M R 1, [RIRY
PRI . RV BA . B 5 — BRI TR R TE—E RS
R R, DEMIRER S .
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EAM BB EBER 2B MRIE, BiEEN T TZERE S E8YE
T EHER8E A B8 A KIS thak B3 . AT, FRMERRS-E R AT LLEE
R TR ERG M ZME R BRI R DU R,
FIEFESHRE DRI, TRAOZREEM R ERSEAHE.

MREEVMBEEM AR KL CMRTTE, MEMERRIEEREL
RS RE N T, N XEL B IMER, SELE R
R WELZ—M ‘i’ TE. XM “Bi” TZ, aTLEAmE
WAERK PEH, BEE D H TR/ K R R 5 4 2 SR
, B E IR FERXFERT, AEFHCFFRR, METHEYN
Wk B AR EYE, REE R, tR] RERIE Rt R)
FEA

MSEREBA%E. BUREUN R AT IR INBER T, UMK EEE
St E KSR . BAEBRSHERTHOE (AU 12
BEREL BB TEREIEE WL, EA UV EFIAT LIRS
FEREGER], (BIRME T X B R 4 Tl L B R BN #.
15 F0 B0 B Y I ] oK A4 RHR BE M 30°CHH R 25°C R 3R A], T
FER LT YR 2 20 7

18 B AL KRGS AR I A LA I R AL R S A B R
TRRLHEETERTRE, WALE (SFERMN 1S5%EEHSL) B
WHEBEENSBER, H3 RN HTT A LR A RN B . Frid
it BRI B 7 B FE e A N s AE R R = AR R, RS MV AR 34 B A B A
MBS &Y. REEESBHF BRI, FILE T RERH
Al DL TR i AR .

AAEERFEMN T T EMNEER TEHEFRSEEREMRME., BEH#
ﬂﬁﬁ*%ﬁi%ﬁm%m%ﬁﬁﬁﬂm—¢%¥%&EW%Omﬂﬂ%
(BFRARCHE) B adk, FEREBEVMLIES UV
/BA , M AFESES UV ERIFENERSEAERN e -
P B ERL Y BEAR E 4k . LB RIE 65U ERH S LK o- TN B DA
@4k, F AR T 5485 BRMER BRHSM A MEE. £FET
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XA B LU B A S AE ) (a0, HIKDAEEN S0 £ 70) , ARG
FEREMTZIE, BRSO Rk B e- O HERER IR (
BIUE K DEEER 10 & 40) ERERABSHEE . XEEE B (
BIanTE 35°CHM 60°CZI8])) , MNMIASHRIAE . EFEAKFH UV/AE A
B 4ERS EE F A AR e N B4R, B e-C BRI AR LR E T ELHER
KR, FEHENEGEHRRR, NTEESET NER EZREEMEKE
GitE. e-CHEEREFRMAIBEBUETEE (Tg) , BHEXMER T
AHMTTAMBEART Tg FIRETEMR. BALAARS o CAREREIR
HEMEL.

BB Tg BT REMT TERE GERBEZR) B1%
Frl e RN TS A B KA ESRERE (80°C) HIERMEL.
MatWeb ff] (www.matweb.com) ¥IEEF|H T 235 F Tg 7€ 25°C-80°CZ
B HIR AWM B EATT T EIE T EEE TR SR (Flinm
FMIKIERAERE) , REETEEEA SR Tg LA LT 2 X LA
—FF TR FIX P LR IR IE #k 5% F (ExxonMobile) ] “Escor AT320
EMA ZGHEY” . ERZE-FE-RNEGREE-AHEK. EEZRTEH
k&, B LLEASR TR S %A UV/VIS B &SR ENRE . EAhEEsH
RAKBREN, BARBREN UV/VIS BEMERIMERET —IRE
HIRG R TH

F—MEHIEPAEENERENERN TS HENRIMERR
i Lucite [Epr4FB L E P H B A 5 (Lucite International Specialty
Copolymer) HEREIRA “ELVACITE®” HI#fkL. iXLehtBla] LLZH
NEFRERRBRMAE. FERGRIEME. FERNERIELRYWIZER
ARG T EEMIEE. SIMSEaENEEIRNS FEEE, BRER

(Tukon hardness) 7£ 1 % 20 (Knoop No., Z-EKEEE) 2 HE, B Tg
£ 1S'CHI 110C 2 ], BEUEAX A FIFRBMRX TR Z —R Tg 25 36
‘CHy “ELVACITE® 2550”7 ( FEENHGRFE/IE T BRILRY) . BHR
iR, BEEEMELR 4, BURUAALEMETLS (60%% 70%) K&
R, WEE%HEE L% 0REE USRI M LT, BB TSR
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5 2 BBV BE T TR R .. X L= S —NEISMTF AL, EART LB # L
—NNERBREEMEAGE., BEKIRFERN 10 £ 200 K, XHF
AT BB A, THF— M TR KRR B A T 852 RFR AL
HTE,

RN M E XS T R EERMEEBR N . wRA AN s
BT RV BN EME, ENAASTE TR, HEREWUFTH LR
IR E IR R A AR, B UAZKENERNERF R G TEE
PR E .

AU D4 i R AL A SRR I LT 658 (—RROBERTE) FIR

UMF 2 2K, BEREMSETIAT 1 2K . A TEERER
, BRI REE T RE W AR K EEE UV FI/ERT 56 sl fe B 313 ik
£ UV/VIS B EFIM R 65 RN, TR E L E g e
- B, ST EBEIRAMEESRYL, X OREIE B ACE I A/ 2 8 P RIS
MRS RIEE EEN.

SRR 55— B 145 SUE DD R R E I N FE E R R
BB HES, WA KEAD T “WMEFNE” , MRANE—NTEHE
BB AR B GBS TR B T S SN A SR R E R R
BHIE VOC (BERMENWEY) BUR. BRI RE R KD 45
BLERG & FIM BLP BIK 4 o BT X = B AT LLE 28 P A 4k BRI
—F gD BT RIBIAZINRE LT E RN ETKF

STFAEHEFER, RERNTELE AERESKED T IINENR
Wl KBRS, —MREUR TR 100% EARRIRAE, DHRIEBE R
R g B 25 AL B & B AN A B A AT AR ARSI AR B AE “ BE4E
MBI —AE R XA ) BUR EX AR R UV/VIS B/ EE
B BHER, FEIR AT AT EALEIAR , B0 S AT B AR KT 2 0k U LU R
AR, SEBEEERSANTER. B=MEREKTEE. EXHER
T, MHERERETRENM B R BREE. XL TR RKRE
FPET CERER) EME, NEHA.

BJE, mEAMRIER T LR EEMER R EERSH UV/VIS B
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REGEFIMEE B . FTERAOR, R MBS, FREHEELMN
UV KA MR, TR 7 A — AN T i E S BIE 4
SRR~ /NF LR . SRS DA B R AR R BRI, MiXE
BE [R5 P57 (0 SR 46 UV/VIS [ 4GRS 25 A LUE 24 (VR & LR &
. A FRIR AWM A0 BARAT R — R . RIEHIR & b R SRR
7 UV/VIS B4k KIMEE 40%/60%F1 70%/ 30% 28], XNMHREM
VRGBT SR S U A4 LA LB AR ) LR, Lt BT DU SR IE
R B IR SR G F A S YR Y bk, B —FhE R T RAR R
AN HEFRE E RS B R AR RSy, FEF TR BEALR S, T4
Bhpt s,

BB BE AR B R 2 — R HE HURLE BT B R AR
TR BERRTR, IR AR P e e BURH O 10 B KR A T BRAS . Tk
RS MEEE BR AW ESR, EIKEER 50% % 70% BH S5 %4
RIS . A KB U IR A AT . M — A R b EE
. IBARAHRA. FEREKATEFRERERD. H—MUAR,
RN B 2 [ AL AR , 37 sk B AL A RS B B A Rk 45 15 3R 3 47
o B TR, IR B AT AR & R0 B A B U T AR AN B
fe, WSROI S. ARTR S KR 5 A
HEYHRERRERS), FAMBSHENAZEREL. HERAARE
BA SR AT UV B R, RABR RSN 5E 2 5A K
W “—4Ak (all-in-one) ” AW, BREEERABELE.

EEAMI R, IR BE BB — TR R < AR (0
SR E LR I SEE B UV/VIS BULRE SRR, SRJE 75 ZA6 D23 E
W2 JE, TRE R VR A GREML MR e . WX — Skt
, M—AMGEAARRES, UV/VIS B &P RHE SRRt B R0 R A
B AENR S B 5 B R B4 UV/VIS B T R ER 2

i 1
ST 60% BB 4tk K 3 ZK A B (Solvay) “ LA g C6500
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Y, 540%EEFTOHH. SRGBRIE. BAEMSIEFIM “General #
37 UV BbAi& &t (PL110284 - 02, 4/=H#H: 1 H 23 H, 06-01
) ARFNREEYHAT TR, ZEAYHMTMERAGR LT HERE (
New Brunswick) Moncton T fJ MotionFab 7+ & (609891 NB Ltd.) H .
(General #3 ¥&SSYLAFTFRA “ULTRAGRIP®” , A7 T in&E KA
e 4574 Moncton T I B 22 ¥ 172 "] (Micro Optics Design
Corporation) H#) . 7 FEHNEIF5, MEFAHEWH&AEH L BIRES
UV B4R 45 770 0 [ S L UL A = THI VR & .

EMERZEA “D” BUTIK “Fusion” UV 4T (WM Fusion UV &
FKNTFIIRIE, EED B 22 M Gaithersburg 17 Clopper # 910 £, 20878-1357
) BT 10 BRBREEZE, BT “A” C6500 BURLN HEIE K KR %
BRLRBRENEL, LRBEEF S RIIMmENT .

XA R 2 B AL R R S AR A K C6500 H A AS AH 3T 358
. AEERMNBEEFABELKHPEARMERERNENTE 39 2 55 K D HEE
2 18], SEH] General#3 (38 HIK D W) FILMEN 57 HK DEE
[ C6500 RITE AR H B I HUIUCAC . — M2 4G H T 456 HIK D BE
FEAE . BFR4E A BT I K R A RN 3 D) AE S5 i 22 B A BB T R B BkE R~
RO & S EH AR C6500 Fiki v b SR 8] 4T B R 2R . 4, C6500
PR A EE K General#3 s, Xut—ZH 0T M2 RA R H
,K_Eo

ERWLELEMES, £ SOCHMIER, FERELIRER
HEYWRBAN, FHRERKE 35 B KD EE, # TR

C6500 FIKFALR TN AR~ RE, EZRALUTHNIER: B
—, XK TEER BHEAE L2 R LI &/ A RR, FEesgin T
ME BT RAMEIEE: BN REE A A Z AR s, EIEF EE

R e BT B 1N R SR A« XRT L BRI M A T B
bi LB AE BT AERE, Sy —FR T RER STER R R R AE A AR L T B AL RO RS
E ML RRAE A 3T H NI AR
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il 2

¥ | Lucite B Pr4FHRILRYIA R A FRMER “Elvacite® 25507 (F
HEAGEBPE/ETEHEEY) A General #3 B 60%EEH LK
Elvacite® 2550 tt 40% EE A 7 Lh) UV (&P LB HI SR EY . X4
G MR ST A G B IAREE S INE 404 B K D A, HRBIEE
ZHEEER.

B £ ) Elvacite® 2550 B4 A1 A2 18 H b 3K 7 BN B 72 B9 B0
IR MU ERLE 15 & 460 TCKZ 8], “FHRiERA 350 K.

7E SO°CHIRESURE T BILEIR EYIE Tg (36°C) MAHXKHT 28
HEK D #E, BEAELE (RENL) BEMAREMERILRER &SR
IR B AT 4 A . 350 BOR FIBUR K /B3  BF IR S 48 R 32
LUK RERB /N T 0.5 ZRMEB/DRAIBRIILA . &5, Elvacite® 2550
EER UV B ER R, ARSI A AR RJCE T ER
Ao BEASEFIHED .

% 3 V
1 R T #R 35 ) “Escor AT320 EMA-AA Terpolymer ( ZJuHEY)
)” HIRE=FikeY. B 60% EEH 4 tLH) Escor AT320 3EkHEE
40% E & H 57 L i) General #3, «
ZIEEBURL ) JUAT S HAFN, SRR AT LLEE 1.5 2K M.
Xk 65 FI4H A P RERYE A BN A B — LR A BE, FF2E 23
CHRIFRE M TREMA 55CE 60°C2 A FIfRRE F MRS FrME. HAE
FETE 25°CRNERRI 25 BIR D B8R, LL 04 MR D ERECHME T
o KR T General #3 1138 HIK D BEE, BE—MINA, B FHE
FIEFHE TR S 20 E 25°CZ AR M TREREFEFORE.

151 4

R S0 EE B 4 LR B BELE (BRE S EH)) #iE& F14E General #
3VENEEIF SO EE D 5 ELLAIEA CRIE) General #3 #i]& FHRK
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FUMUEY). EXMIFLT, REELRIESFIAH SR General #
3, FEAEEAHFEIHER General #3,

] 4 A4 B AR B A BN R ST ZE 0.5 £ 1.5 K228, SFHR~TA 1
XK. HTA{ERME LE, XEFRABRIEENHMN. 7TEEEHT
ASFR I FRL JLAT 454, R MESRTG BE i E Rkt

XM EREE e R ESNAERNS, BERARRNES
G . ERARSTEMENIERGEAIERE UVERK, HE5RH
FE R BOATUAE 1 e AN A B A SR SR FE A BHE B — A 3F 5 A8 T 1 [ 44h4 ) Bk
XA ARG G A LA 5 PR A FH B9 07 15 0 2 B0 RO AR RN 2D T A
HITR 3% .

5 5

BB ER R E 22X EET LA, WEEEIE Alroko GmbH &
Co. KG AR /MELA Y ( “Aluminiumfasern Al Mg S Kurzfaser F35” ) ,
IAIANEARE EIAB) 4 F &M REREFAEGD T, H&E LFM SR

LT TR R ST R AR R AU . SRR ZE 0.5 ZKE 3 5
K2 [EFERTAE 0.1 3] 0.5 K2 I8,

BN EF 4 ) B AR T SRR s 0 B B TT A8 48 AR 1A . Stk B
B, BT R I

ARPRET —FFRRAKEME WENAGY) » EEEXL
TR T LMEREMEIISR A XFBM RIS & TSR UV R8T LG
(VIS) BEUEREYIE S5 NIEREEERNE I TERNE, LERS
B E LB R R, BRERERE. REBIMVE, HE THR
AEJ7, RIRTRRR T 55X A UV/VIS 525 B A B RmiaA . XA
MEATURERTHEA B EESEF B LR TET, FridS @R
RIS = EATUE MR ML, HP A TR SCENRER R TS
HIRER Hh & B B
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BERSIE R
10 L 7 Bk

12 NEZEEH

14 XL ER

16 # 4k

18 % ¥R

20 UV [&] 4k frIHG 4557
22 [E] B

24 [A]BR

26 8 2 HEH
28 M

30 M ERE

32 TR

34 B E5H

36 G A fE KA
38 H—& MRS 3
40 R &

42 HEME
AMERMEE

46 TRk

48 ¥ EFIA BV ES
50 RETT

52 FH QL AbBE B T
54 A ER

56 4§

58 ¥5-&TH

60 % Fr PR ER 3 2R
62 4 ik gk
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64 8 B
66 UV JEIR

68 flL1%

70 53 BC 2%

72 4y EL RS e
74 Sy ECERE

76 FEHL

78 L5 FNHEY)
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