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_ This invention refates in general to windshield wiper blades Y, to an improved silicone
wiper blade having a proper coefficlent of friction and yet capable of inexpensive manufaciure.

BACKGROUND OF THE INVENTION

Rain, sleet and snow having always presented a vision problem for the driver of a moving vehicla. The wind-

shield wiper blade has attempted to minimize the problem by clearing the windshield of the light obstructing

" moisture. Such blades are typically formed of rubber or rubber-ikke materials. Over the years, wiper blades have
been modified in many ways in order to enhance wipe quality and therefore visibllity during precipitation. in

10  some instances, the configuration of the blade has been changed to give a plurality of contact surfaces on the
blade. Various modifications have been intraduced to improve the consistency and integrity of the wiping edge.

Workers in the wiper field have made prior attempts to use silicone rubber as a base for a wiper blade com-
position, but without notable success. This is because as a material, silicone rubber is superior to natural or

_ other synthetic rubbers for several reasons. Silicone rubber, i.e., high molecular weight, vulcanizable polydior-

15 ganosiloxane, is able to withstand wide temperature variations without an appreciable effect on its physical

properties. Further, silicone rubber is virtually unaffected by ultraviolet radiation, even overlong periods of time.

It is also resistant to ozone, oll, salt, water and other road and automotive chemicals. If silicone rubber com-

" positions could be used for wipers, they would have the abllity to resist compression set and withstand solar

radiation, chemicals, ozone, water, oll and salt without adverse effects. Thus, if commercially manufacturable

20 silicone wipers were possible, such wipers would have a much longer life than conventional natural rubber wip-
ers now in general use. ’

Silicone rubber as used for wiper compositions has had one significant drawback: it has an unacceptably
high coefficient of friction with respect to glass. In preliminary testing by atleast one worker in the field, silicone
wipers exhibited such a high coefficient of friction that they tore loose from the wiper anms instead of wiping

25 thewindshield. Less catastrophic effects of this high coefficient of friction include an unacceptably ioud squeak
or chatter as the wiper traverses the windshield, and unacceptably high loads on the windshield wiper motor.
"U.S. Patent No. 4,804,434 (hereinafter, “the '434 Patent”) and U.S. Patent No. 4,981,637 (hereinafter, "the
'637 Patent”), both to Hyer (together, the "Hyer Patents"), disclose a method of forming an improved wiper blade
utilizing an extrusion process. in this method, a continuous length of curable elastomer is extruded through a
3 die having a die opening which is shaped to produce a pair of wiper blades joined at a mid-section thereof in
edge-to-edge relation. The ‘434 Patent discloses a method of scoring the mid-section of the continuous length
of the extruded elastomer and the ‘637 Patant teaches preforming the mid-section to produce a weakened mid-
section. {n both cases, the extruded elastomer is then cured and, thereafter, the length is separated into two
separate lengths of wiper blade by dividing the tength either along the score line (the ‘434 Patent) or along the

35  preformed mid-section (the "637 Patent). ' ’ :

In addition to the disclosure of a method of forming a wiper blade using an extrusion process, the Hyer
patents disclose a silicone rubber composition for such wiper blades. These compositions are disclosed as con-
taining about 100 parts silicone polymer, about 40 parts filler, from about 0.5 to 2.0 parts vulcanizing catalyst,
and 0 to 10 parts of other enhancement additives. The polysiloxane polymers are further disclosed as having -

4 methyl and vinyl organic groups, with the vinyl level being in the range of 0 to 5 mole percent. The fillers are )
specified as including fumed silica, precipitated silica, ground quartz, calcium carbonate and iron oxide. The
Hyer patents fail to specify the relative amounts of these different filler components. .

One conventional method to measure the amount of silica filler in a wiper blade is its specific gravity. |

has been found that the Hyer wiper blades above described typically have a specific gravity of 1.1 to 1.2. Such
45 wiper blades still exhibit a relatively high coefficient of friction with respect to glass, making them less than op-
timally suited for commercial use. '

U.S. Patent 3,972,850 to Hamilton (hereinafter "Hamilton®) discloses a windshield wiper blade comprising
silicone elastomer, dispersed filler and an additive which imparts lybricant and hydrophobic characteristics to

of either dicoco dimethyl ammonium chloride or a dif{n/A
thylsilane copolymer. The Hamilton reference states/f

unsatisfactory for wiper blades. 3 . Cp
While Hamilton discioses a compoasite silicone ruli ey riféterial ¢: g hydrophobic properties
8 o windshields, Hamilton's composition is not econofmict ' acture due to Hamilton's
use of exotic and expensive additives. Additionally, Hamiithy iding technique to form the
wiper blade. Further, Hamilton does not teach & wiper biad The surface area of contact

This Sheet Has Been laced

TN



2 BACKGROUND OF THE | NVENTI ON

Rai n, sleet and snow have al ways presented a vision problemfor the

driver of a moving vehicle. The wi ndshield wi per blade has attenpted to

n nimze the . probl em by clearing the wi ndshield of the

|7 ght obstructing noisture. Such blades are- 5 typically forned
of rubber or rubber-like materials. Over the years, w per blades have
been nodi fied ivanddiiyerBYiad indlsamb fistiond eSS GpePbilke is@btbd e Jas@tNd therefore
visibility In view of these prictlait altéirgpts Midng felriebdhitifas to thmmmmidiﬁ
configuration dﬂattsh@almmdetpmmme-thpthasanmmededge dma uueaswaea
plurality of coff*ats @asy (plop

= R e e S

prior attenpts drgecsblisndr-tidckédidRints. Conventional, natural rubber wiper blades are colored black in order to protect
- the wiper blades from harmful ultraviolet radiation. Windshield wiper blades having light or bright colors have
10 not therefore been commercially acceptable in the past.

SUMMARY OF THE INVENTION

According to one aspect of the invention, a silicone windshield wiper blade is provided that is capable of

15 inexpensive manufacture and that has good wipe quality. The wiper blade includes about 100 parts by weight
of a vulcanizable silicone polymer elastomer, and about 75 to 220 parts by weight of a siliceous, calcareous
or other mineral filler dispersed In the elastomer. Preferably, the elastomer includes at least one polydiorga-
nosiloxane and even more preferably, the polydiorganosiloxane has organo side groups consisting of between
0.02 and 1.00% vinyl, and the remainder methyl. in a particulary preferred composition, the elastomer inciudes

20 a major portion of dimethylvinyisiloxy-ended polydiorganosiloxane, with the organo side groups thereof con-
sisting of 0.1 to 0.3 weight percent vinyl and the remainder methyl, and a minor portion of dimethylvinyl-siloxy-
ended polydimethylisiloxane.

The filler preferably includes between 3 and 55 parts by weight (relative to 100 parts by weight of the elas-
tomer) of small siliceous particles having a particle size of less than or equal to five microns. Thesa small sili-

25 ceous particles can be selected from the group consisting of fumed silica, precipitated silica and mixtures there-
of. The small particles can consist entirely of fumed silica with these particles having a surface area of about
200 square meters per gram and present in concentrations of 3 to 55 parts by weight refative to 100 parts by
weight of the elastomer. Some or most of the fumed silica can be replaced by precipitated silica.

The filler also preferably includes larger siliceous or calcareous particies in the range to 5 to 100 microns,

30 and more preferably, 5 to 30 microns. Such larger particles can be selected from, for example, ground quartz,
chalk and celite. The small siliceous particles provide reinforcement for the composition, while the targe sili-
ceous or calcareous particles reduce the coefficlent of friction to a point that the resuitant silicone rubber wiper
has an acceptable coefficient of friction with respect to automotive glass.

Preferably, a third silicone polymer, hydroxyl-ended polydimethylsiloxane having a molecular weight be-

35 tween 1000 and 10,000 and a viscosity of between 5 and 100 centistokes, is added as a process aid. The ratio
by weight of the small siliceous particles to this third polymer should preferably be in the range of 3 to 1 to 12
to 1, and most preferably is approximately 6 to 1.

Compositions according to the invention will aiso typically include small portions of one or mora of the fol-
lowing: silane, a cerium stabilizer such as cerium octoate, an anti-acid additive, a vulcanization catalyst such

4  as 2,4-dichlorobenzoylperoxide, dicumylperoxide or one of the platinum catalysts, and pigment.

With some of the compositions of the invention, the wiper blade may be prepared by extruding a continuous
length of curable silicone polymer elastomer through a die having a die opening which is shaped to produce a
pair of wiper blades joined at a mid-section thereof in edge-to-edge relation. The mid-section of the continuous
length of the extruded silicone polymer is then either scored or preformed to produce a weakened mid-section.
. 4 The continuous length of extruded silicone polymer is then cured and thereafter the length of the extrudate is
separated into two separate lengths of wiper blade by pulling the length of continuous elastomer apart along
the weakened mid-section. The separate iengths of wiper blade can then be cut into individual wiper-sized seg-
ments of any desired length. The extrusion process provides a method of inexpensive manufacture, yet when
using the composition of the invention, produces a wiper blade of superior edge quality.

5 The present invention confers several technical advantages over the prior art which yield a commercially
acceptable silicone wiper blade for the first time. Silicone wiper blades prepared according to the invention are
much more durable than natural rubber blades, andwill provide good wipe quality for at least-the average iife
of the car on which they are mounted. Because the wiper blades according to the invention have a significantly’
reduced coefficient of friction with respect to glass, they do not encounter the problems of prior art silicone wiper

55  blades in pulling out of the spines, excessive squeak or chatter, and excessive windshield wiper motor loading.
The silicone wiper blades disclosed herein may be sufficiently inexpensively manufactured that they will be
commercially acceptable. Finally, the use of silicone polymer as a substrate allows the addition of bright colo-
rants, as the use of black or dark pigments for ultraviolet protection is no longer necessary.
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FIGURE 7 is a simplified, schematic view of an overall process according to the invention;
FIGURE 8 is an isolated view of the extrusion die used in the extrusion step of the process of FIGURE 7
15 FIGURE 9 is a perspective view of a pair of wiper blades formed by the process of FIGURE 7; .
FIGURE 10 s an isolated view of another embodlment of the extrusion die used in the extrusion step of
the process of FIGURE 1; and
FIGURE 11 is a perspective view of a pair of wiper blades exiting the extrusion die of FIGURE 10 showing
the preformed mid-section of the continuous length of extruded elastomer.

20
DETAILED DESCRIPTION OF THE INVENTION
Composition
25 Wiper blades according to the invention are manufactured using a silicone elastomer gum with a high pro-

portion of slliceous and/or calcareous fillers therein. To make up the silicone polymer gum, one or more poly-
diorganosiloxanes may be used. The polydiorganosiloxanes should have a very major portion, such as atleast
99%, of saturated side groups, and a very minor portion of unsaturated side groups. For example, the side
groups of the silicone polymers can, when taken together, constitute 99.9 weight percent methyl side groups,

30 and 0.1% vinyl side groups. The percentage of vinyl in general may range from 0.02 to 1 weight percent, and
preferably falis between 0.1 and 0.3 weight percent.

Preferably, the silicone polymer elastomerincludes a blend of two high moleoularwenght silicone polymers:
dimethylvinyislloxy-ended polydiorganosiloxane, with the organo side groups consisting of 9.8 weight percent
mathyl and 0.2% vinyl, and a minor portion of dimethylvinyisiloxy-ended polydimethylisiloxane. The first com-

35  ponent of this polymer blend, that is, the one with vinyl side groups, may range In weight percent between 55
and 76 parts where both constituents total 100 parts, while the second component may range in weight percent
between 24 and 45 percent. These two constituents typicelly have molecular weights of about one million, and
viscosities in excess of 500,000 centistokes.

The polymer blend or gum also preferably includes a hydroxyl-ended polydimethylsiioxane having a much

40 lower molecular weight in the range of-1000 to 10,000, and a viscosity in the range of 5 to 100 centistokes.
This third component of the gum is added as a function of the amount of small siliceous reinforcing particles,
as will be hereinafter described. The third constituent may be present in the final gum in the range of about 3
to about 10 parts by weight, where once again the two main silicone polymer constituents total 100 parts. Here-
inafter, the term "pph" will be used to denote "parts per hundred®, or a number of parts by weight relative to

45 100 parts by weight of the combined high molecular weight polydiorganosiioxanes.

Silicone polymers using side groups other than methyl and vinyl can also be used. For example, where
flexibility in extremely low temperatures is desired, a small portion of phenyl groups may be included in one or
both of the two major high molecular weight constituénts of the gum. Phenyl side groups may be present on
one or both of the major silicone polymer constituents at approximately 5 mole percent. This would take the

8 enbritiement point of the final wiper from -100°F to -130°F. Wipers for aircraft, for example, would include sil-

_icone polymers having a small proportion of phenyi side groups.

The silicone wiper compositions according to the invention include an unusually high component of sili-
ceous and/or calcareous or other filler. Surprisingly, these high concentrations of fillers, especially when used
in conjunction with the manufacturing process according to the invention, yield wiper blades having a low cosf-

85 ficient of friction and good wipe quality. The fillers should be present in the gum in concentrations of between
75and 220 pph. This filler may include from 25 to 200 pph of a large particulate filler having an average diameter
of 5 to 100 microns. Such a large particulate filler can, for example, comprise any of several refractory oxides,
such as ground quartz, celite (diatomaceous earth), chalk and other siliceous and calcareous minerals, ferrites,
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The high molecular weight silicone polymers and the filler preferably accounts for at least ninety percent
of the weight of the wiper blade composition. Other components in a preferred composition include a stabilizing

20 agent that controls additional, unwanted vulcanization due to heat Such a stabilizer is cerium octoate present
in a concentration between 0.3 and 1.6 pph. The stabilizer does not interfere with the initial vulcanization, but
instead stabilizes the composition under warm or hot conditions.

Another additive is a vulcanization catalyst which can, for example, consist of either a peroxide catalyst or
a platinum catalyst. A peroxide catalyst can be used, such as 2,4-dichlorobenzoyl peroxide, in a concentration

25 ranging from about 2.7 to about 3.2 pph. Dicumylperoxide can also be used as a vulcanization catalyst. A pla-
tinum-based catalyst can be substituted for the peroxide catalyst, but if this is done, much less of is used, typ-
ically on the order of 5 to 100 parts per million, and more preferably 10 to 20 parts per million. Silane may be
present in the compositions in the range of 0.6 to 1.0 pph. An anti-acid additive may also be used such as mag-
nesium oxide, zinc oxide, amphoteric aluminum oxide or other base to counteract the acid breakdown products

30 ofthe peroxide catalyst. Where a peroxide catalyst is used, the antiacid additive should be present in the com-
position in the range of 0.6 to 1.2 ph.

Finally, the composition may inciude pigment, which can range from 0.2 to 20 pph. A more preferred range
of pigmentation is 0.6 to 2.7 pph. These pigments should be peroxide-insensitive pigments where a peroxide
vulcanization catalyst is used, and may comprise inorganic oxides, or alternatively certain organic compounds -

35  where extremely bright colors are desired.

The compositions according to the invention have an unusual capability of being brightly colored, as they
do not have to be black or dark colored in order to shield the composition from ultraviolet radiation. Further,
the pigmentation may take place of some of the filler, with the inorganic colored oxides being particularly ap-
propriate for this purpose. '

0 One convenient method of measuring relative filler content is the specific gravity of the wiper blade. FIG-
URE 1 is a graph of wiper blade specific gravity versus frictional force of the wiper blads with respect to glass.
Prior art silicone rubber wiper constructions, such as those disclosed in the Hyer patents previously described,
have a specific gravity in the range of 1.1 to 1.2, Such wiper blades, as previously explained, have a relatively
lowfiller content and exhibit frictional force problems. It has been discovered that a wiper blade having a spacific

45 gravity of 1.3 is approximately the lower limit of wiper blades which can perform satisfactorily. The specific grav-
ity of the wiper blades according to the invention should be in the range of 1.3 to 1.7, and preferably should
fall within the range of 1.45 to 1.65. The specific gravity of the wiper blade climbs as more siliceous or calcareous
filler is added to it, bacause these substances are heavier than the largely polydiorganosiloxane elastomer gum
in which they are dispersed.

50 The wiper blades according to the invention are designed to be used asreplacements for conventional natu-
ral rubber automotive wiper blades, or as originally equipped in substitution for such wiper blades. Such wiper
blades generally have a length of approximately 10 to 20 inches and a contact width of about 0.1 inch, yielding
a squeegee blade/glass surface contact area of approximately one to two square inches. The coefficient of fric-
fion of the compositions has been arrived at with this amount of contact surface area in mind. It has been found

5§  thatwipers which exhibit a coefficient of friction greater than about 2.8 grams per gram weight are unacceptable

- because of motorioading, squeaking or chatter. The wiper blades according to the invention, on the other hand,
have alower frictional force of about 2.4 t0 2.7 grams per gram weight. These wiper blades perform much better,

as will be described in more detail below.
\_\
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10 The squesgee blade 12 varies in thickness between a thick base 18 and a relatively thin squeegee blade
end 20. In a preferred embodiment, each side 22 of the squeegee blade 12 is inwardly arcuate from the base
18 to the tip 20. The squeegee blade 12 extends axially in a first direction from the thin neck 14, and is opposed
to the relatively thick wiper superstructure retainer flange 16. .
FIGURES 3, 4 and 5 show cross-sectional views of different embodiments of wiper biades manufactured
15 according to the invention. As shown in each of FIGURES 3, 4 and 5, each blade 10 includes a superstructure
Joining or retaining portion 11, a squeegee blade 12 and a preferably flat wiping edge 20. Like parts are given
the same numbers in these drawings.

As shown in FIGURE 3, the retainer 16 is defined by a restricted neck 14 formmed by longitudinal grooves
23 at opposite sides of the neck 14. The longitudinal grooves 23 extend throughout the length on opposite sides

20 thereof thereby providing the opposita sides of the neck 18 with an outwardly extending flange or retainer 6.
The length of the edge 20 extends the length of the wiper blade.

Dimensions A, B, C, D, E, F, G and H as well as radii R, and R, and radius offsets hR, and wR, are found
in Table 1 below for the wiper blade shown in FIGURE 3. Dimensions B, C and D and F are primarily determined
according to the structure of the vehicle wiper superstructure and spline. Dimensions A, H, Ry, Rz, hRy, and

25  wR, are chosen to give optimum design and wipe quality, and may vary according to the wiper blade compo-
sition. For example, length dimensions G and H would be made relatively longer for stiffer compositions, or for
compaositions having polydiorgano-siloxanes with a larger proportion of vinyl side groups in them or having larg-
er amounts of small-sized particulate fillers. The end thickness A will also vary, as will the thickness E of the
base 12, according to the relative resiliency of the cured composition.

30
IABLE I
‘Dimension, in

Blade Profile A B c D E F G R
B FIGURE 3 .035 .034 .180 .945 «210 .140 .079 .231

FIGURE 4 .038 .035 .110 .040 .230 .100 .070 .275

FIGURE 5 .035 .0_40 220 .050 .230 .195 .060 .230
©

Blade Profile R, hR, wR, " Ry

FIGURE 3 .236 .420 .229 .100 )
- FIGURE 4 246 .364 261 -

FIGURE § .125 <377 <142 -

Referring now to FIGURE 4, another embodiment indicated generally at 30 of the wiper blade is shown.
In this embodiment, the superstructure retaining flange 16 is substantially more narrow than the embodi-
%  ment shown in FIGURE 2. A top wall 32 of the wiper blade base 25 downwardly slopes from the sidewall 34
to the thin neck 14, instead of being at right angles to the wall of the neck 14 and the sidewall 34. Dimensions
A through H and R, are given in Table | for this embodiment.
FIGURE 5 discloses a third embodiment 40 of a wiper blade according to the invention. The prefemred di-
mensions of this wiper blade are given in Table L. In addition to a first superstructure retaining flange 16, wiper
55 blade 40 has a second thin neck 42 of approximately the same dimension as the first thin neck 14, and a second
flange 44. The flange 44 has beveled comers 48. The length of the neck 42 between the first flange 16 and
the second flange 44 is preferably about .045 inches. The thickness of the second flange 44 is preferably .055
inches while the thickness of the unbeveled top portion of the second flange 46 is approximately of the same

-
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for wiper bl adelgngth of a curable elastomer 111 from an extruder 413.

The extruder 113 for the extrusion step is a conventional extruder having a hopper 115 which feeds into a
hot cylinder. The heat softens the elastomer and it is forced by one or more spiral screws (not shown) out
20 through a die 417 having a die orifice. The die orifice forms the cross-sectional shape of the continuous mass
of elastomer as It passes through in conventional fashion. Extrusion processes of the type described are well
known in the art and discussed, for example, in Lynch, W., Handbook of Silicone Rubber, and L. K. Amold,
Introduction To Plastics, lowa State University Press, 1968, pages 46-49.
FIGURE 8 is a detailed view of the special die 117 used In the practice of a method acconding to the in-
25  vention. The die 117 includes a die opening 119 which is shaped to produce a pair of wiper blades 121 123
joined at a mid-section 125 therecf in edge-to-edge relation.

The die 117 also includes an adjustable scoring mechanism, such as adjustable blades 127, 129. The blade
tips 131 are not in contact but are spaced apart a preselected distance to score the continuous length of elas-
tomer along the top and bottom surfaces 133, 135 thereof to a depth less than the thickness of the continuous

30 length of elastomer. The blades 127, 129 can be adjusted by means of screws 137, 139 mounted on the die
which are carried in vertical slots provided in the blades.

The continuous length of extruded elastomer 111 which has been scored at the die 117 is then passed to
a curing station. For instance, in the embodiment shown in FIGURE 7, the curing station is a continuous vul-
canizer 141. As will be familiar to those skilled in the art, the continuous vulcanizer 141 can employ, for instance,

35  aliquid medium such as a eutectic salt bath through which the elastomer is drawn. The salt bath contains a
liquid salt at a temperature from about 350° to 450° F. The viscosity of the salt at operating temperatures will
be similar to water. ,

it will be apparent that instead of the preferred salt bath continuous vulcanizer 141, any continuous vulca-

nizable method can be used. For instance, the vulcanizing step can as easily be performed by a hot air vul-

40  canizing tunnel. Also, the continuous length of elastomer 111 could be cured without a heat activated catalyst,
as by using infrared radiation or gamma radiation techniques familiar to those skilled In the art. It is only nec-
essary that the previously formed and scored curable elastomer be cured such that the material can be divided
and formed as subsequently described.

After curing, the continuous length of curable elastomer 111 is separated into two separate lengths of wiper

45 blade 143, 145 by allowing one length 143 to travel over a fixed nip roller 147 while the second length 145 is
pulled under the same roller 147. The beginning separation can be done by hand with the ends 149, 151 being
engaged by roller pairs 153, 155 of a puller 157.

Preferably, the continuous length of scored elastomer 158 is separated by puiling over nip roller 147 while

the elastomer is at an elevated temperature above ambient. Leaving the extruder 113, the curable elastomer

50 - 111 is typically at a temperature in the range from about 80° - 100°F. The continuous vulcanizing step then
typically raises the temperature to a higher elevation above ambient. For instance, in the case of a salt bath
or hot air vulcanizing tunnel, the exiting material 159 would be at an elevated temperature on the order of 300°
- 450°F. The preferred temperature for the scored elastomer 159 at the separating roller 147 is in the range
from about 100° - 300°F, most preferably about 200°F. The decrease in temperature between the continuous

55  vulcanizer 141 and the separating roller 147 can be achieved by exposure to the ambient atmosphere, pulling
through a water trough with water at ambient temperature or by the use of air jets if necessary.

The separate continuous lengths of wiper blade 143, 145 are then cut transversely into individual wiper-
sized segments 161, 163 by a conventiona! cutter 165, '
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20 While Ham [ ton di scl oses a conposite silicone

rubber material capable of inparting hydrophobic properties
“to windshields, Hamlton's conposition is not | economi cal |y
 feasible for mass manufacture due to Hamlton's use of exotic and
' 5 expensive additives. Additionally, Ham|lton uses an
expensi ve nol ding technique to T - " formthe w per bl ade.

Further, Ham | ton does!I not tea‘(';ho \ 'Ee I_b de °§%ﬁi cal e :
strvctur e, e, RN PR S o e
the profile ofgeparation atthe nip rolter 1471 NE W pET ade, nust Vvary as the co tion

of the blade isS FIBURETh shows Qkother erribGinyehtk tHe exBusion die used in the methddQf BekRntlok. Indkid ONal
f orce when &heembbdirsent, hé i@ includesblaties €89, 196 thg blade tips 193 of which are not in contactbut are spaced

In view of t héspertanreseipcted distange. incthigiass, however, p prefprning mppnw atich enwir #AGcestends betweins t

the blades 1 i ) Ia%ma 7 keni i i
T or . nﬁﬁm&%ﬁ?{g‘?y wd on the lg fgc.g bmﬁgrof screw sef th m :?m of
| nexpensive e welde reon. The preforming means could also comprise, for instance, a KEVLAR blade
. 10 - amanged between the die blades 189, 191. We found that by passing the raw extruded elastomer through the
. die 187 and preforming means 195, the elastomer reunites, or tacks together, immediately after passing the
wire 195 to form a continuous length of elastomer with a weakened mid-section 198. FIGURE 11 shows the
elastomer 97 exiting the die 187 with the weakened mid-section 198 being clearly visible. The continuousength
. of uncured, extruded elastomer 197 is then passed to a curing station and cured in the manner previously dis-
15 cussed. ' : i
Afer curing, the continuous {ength of curable elastomer 197 is separated into two separate lengths of wiper
blade, i.e., iengths 143, 145 in FIGURE 7 by allowing one length 143 to travel over a fixed nip roller 147 while
the second length 145 is pulled under the same roller 147. The lengths can then be engaged by roller pairs
153, 155 of a puler 157, as previously discussed. The elastomer 187 separates along the preformed mid-sec-
20 tion 198 into separate lengths of wiper blade having improved edge quality. The extrusion process allows a
continuous length of blade to be formed at a lower cost than previous molding techniques.
The fabrication process described in conjunction with FIGURES 10 and 11 is useful forwiper blades having
a specific gravity of less than or equal to about 1.40. For blade compositions haying a specific gravity of greater
than 1.40, the extrusion process is modified such that no KEVLAR wire or filament 198 is used to prefoorm a
25 weakened midsection. instead, the blades are extruded and are passed directly to the continuous vuicanizer
141 (FIGURE 7). Thereafter, the blades are separated not by the nip rollers are shown, but by a circutar blade.
As separated, the blades are cut transversely by a conventional cutter 165.

Examples
Example 1

A compound was formulated having three silicone polymer constituents, silicecus fillers and certain other
additives, as set forth in Table Il below. The silicone polymer constituents included a 75.2 parts by weight of a

35  polymer A, 24.8 parts by weight of a polymer B, with polymer A and polymer B forming 100 parts by weight of
the gum. Polymer A was dimethylvinyl-siloxy-ended polydiorganosiloxane having 99.8% methyl groups and
0.2% by weight vinyl groups as percentages of all organic radicals in the gum. Tha viscosity of polymer A is
controlled to be not less than 5000 centistokes at 25°C. Polymer B was dimethylvinylsiloxy-ended polydime-
thylsiloxane with a viscosity at or above 500,000 centistokes at 25°C. Polymers A and B had amolecular weight

4  of atleast one million. Polymer C, a structure confrol fluld or process aid, consisted of hydroxyl-ended polydi-
methyisiloxane with a viscosity between 6§ and 100 centistokes and a molecular weight between 1000 and
10,000. This compound was used to extrude viper blades having the cross-section shown in FIGURE 2 and

with the dimensions shown in Table . The wiper blades were extruded according to the process described in
conjunction with FIGURES 7, 10 and 11. :
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has an i nproved edge that provides a clean and unobstructed view, that has
|ow tenperature flexibility providing easy rel ease fromice
collecting on the blade; that has 10 i mproved weatherability
providing a surface inpervious to ultraviolet and ozone decay

and unaf fected by environnent al tenperature extremes; that has hydrophobic
properties; that has increased w per durablllty and that has resistance to

salt and acid rain.gorrosion. A need has also existed in
the industry for w per blades capabl e of accepting
non-bl ack col orants. Conventional, natural r i per bl ades are col ored
15 bl ack ﬂ gsgg hg protect t he w-per bl ades from har nf ul
ultraviol et radiation. W ndshi el d wi per bI®R¥es havi ng |ight
or bright cplors have not- PAYY®fe been . cHiw¥ercial ly
acceptable 1 n the past. Polymer B . 24.8
6 - SUMVARY 51 e hNVENTICN 9.9
Fumed Silica S4.5
10 Silane ' : 1.0
Cerium Octoate Stabilizer 1.6
Anti-Acid Additive 1.2
s Ground Quartz 25.0
2,4-Dichlorobenzoylperoxide 2.8
Pigment 0.6
2 Specific Gz;avity = 1,30

These wipers were tested on conventional automobile glass using conventional windshield wiper motors.
The wipers were engaged to dry windshield glass for one half hour. The wiper system functioned continuously
for this one half hour without stalling or fripping of a 7 ampere maximum motor circuit breaker. During this time,
25 the current varied between a minimum of 4.1 amperes in the maximum of 6.8, the voltage remained constant
at 12.5 volts and the wiper speed and counts per minute varied between 57 at the start and 48 at the conclusion
of the test.
The elements or vertebrae did not show any breakage or permanent distortion aﬂnr removal of the respec-
tive proof loads in this test. The amm loads were 25 on the left arm and 24.5 on the right arm. The wipers made
30  no objectionable squeaking, chattering or other noise during the dry glass test
No squeaking, chattering or other noise was encountered during tests on wet or damp dry glass. The drag
coefficient was less than 1.75 in three different tests.
The wipers were subjected to an accelerated ozone resistance test by placing in an ozone chamber. No
cracks appeared in the wipers even after 96 hours under an ozone-fich atmosphere. :
35 The wipers were also subjected to a permanent set simulation test after 24 hours at 500°F. After this ex-
posure, the elements flipped over appropriately without chatter in each of five sampies. The elements were also
tested for chemical resistance to methyl and isopropyl alcohol by placing them in 50% aqueous solutions of
thesa aicohols, and in 100% alcohol baths, for hours. The blades, in order to pass, were to not have exceeded
more than 2% weight change. In the 50% methyl alcohol solution, the actual- weight change was 0.09%, while
40  in 50% isopropy! alcohol, the weight change was 0.04%. After being placed in 100% methy! and isopropyl al-
cohol, the weight changes were 1.3 and 1.9%, respectively, well below the §% weight change threshold. In an
ozone test, the blades after exposure showed no signs of discoloration or tears.
These wipers had a hardness of 67°, a tensile strength of 850 psi, an elongation of 210%, and a tear
strength of 95 psi. After having been aged for 48 hours at 500°F, the hardness of the wiper blades increased
45 only to 70°, the tensile strength decreased anly to 790 psl, and the elongation was 160%. In a compression
set test for 22 hours at 350°F, the percentage compression set was 24%.
In a test to demonstrate oil resistance, the blades were immersed in ASTM#1.oil for 70 hours at 302°F.
After this test, the blades exhibited a hardness of 63°, a tensile strength of 860 psi and an elongation of 180%.

50 Example 2

A second formulation was mixed and had the constituents shown in Table lil.

—
This Sheet Has Bee

T fll’



According to one aspect of the invention, a silicone w ndshield w per

blade is provided that is capabl e of inexpensive nmanufacture and that has
good wi pe quality. The w per bl ade includes about 100 parts
by wei ght of a vul canizable silicone 5 pol yner el astoner, and
dbout 75 to 220 parts by weight of a siliceous, cal careous or

other mneral filler dispersed in the elastonmer. Preferably, the el astomner

i ncl udes at : | east one_pobydiorganosiloxane and even nore
preferably, the pol ydi organosil oxane has organo si de groups
consi sting of between 0.02 and 1.0096v1ny|,F§EE15#ﬁ remai nder

nmethyl. In a particularly Ereﬁgrredtconposi on, e el astoner includes a
maj or portion 10 . t hyl vi nyl si | oxy- endedBBBI ydi or gano

si |l oxane, wigh the organo BPHEeFr Bups t her 88f2consi sti ng of
0.1 to 0.3 weight percent PelyeraBd the renmi nder nethyl, ggdga

m nor portion of di methyl vpihet £OXYy- ended polydinethyrsio§aﬂe.

The filler preferably incI#dq; b§;¥£$;§%iiand 55 parts by wergnt (relative
to 100 parts, by weight of hecinikatg G* small siliceoudSparticles
having a particle 15 Fumed Sildeze of |ess than or equaB.io five

m crons. These small siliceestmd@uatres es can be- 130.3 Selected
fromthe group consisting gf;fjyed silica, precipitated silécg and m xtures
FTi

thereof. The small| particles can _consist entirely of funed ca with
these parti ® es Cerium Octoate Stabilizer 0.3 -

Anti Acid Additive 0.6
2,4-Dichloro Benzoyl Peroxide 3.2
Pigment 0.6

Specific Gravity = 1.55

As compared to the formulation of Example 1, a larger amount of polymer B was used and a smalier portion
of polymer A, yielding a wiper blade of greater flexibility. This formulation largely replaces the fumed silica
25  shown in Example 1 with precipitated sifica. The amount of ground quartz was increased from 25 to 130 parts
by weight. This formulation was used to extrude a wiper blade having the profile shown in FIGURE 3. The wiper
blade had a specific gravity of 1.55, and exhibited good wipe quality in a relatively low coefficient of friction.
The specific gravity of the wiper blade of Example 1 was 1.30. In this example, the wiper blades were extruded
according to the above-déscribed process, except that circular knives were used to effect separation between

30 each blade pair after curing.

Example 3
A third formulation was made for a muiti-bladed wiper having a cross-section substantially as shown in U.S.

35 PatentNo. 4,473,919 issued to Fritz, Jr., which patent is incorporated herein by reference. The relative amounts
by weight of the constituents are shown in Table IV.

IABLE IV
© Constijtuent peh
Polymer A 70
Polymer B 30 )
Polymer C 6.7
“ Fumed Silica 21.3
Ground Quartz 196.7
Cerium Octoate Stabilizer 0.3
50 2,4-Dichlorcbenzoylperoxide 2.7
Pigment 2.7
Specific Gravity = 1.65
55 This formulation yielded a cured wiper blade having a specific gravity of 1.65. The blade exhibited good

- wipe quality and a low coefficient of friction. :

In summary, novel silicone polymer wiper blade compositions and methods of manufacture have been dis-
closed that yield extremely durable wiper blades having good wipe quality and acceptable coefficients of friction.

i




having a surface area of about 200 square neters per gram and present in
concentrations of 3 to 55 parts by weight relative to 100 parts by wei ght
of the 20 el astonmer. Sonme or nost of the fumed silica can be
repl aced by precipitated silica. The filler
dl so preferably includes larger siliceous or cal careous particles

in the range to 5 to 100 mcrons, and rpre-preferably, 5 to 30 m crons.
Such [l arger

7 ' While ghe preshtésentdninadbeeniedcatidl @ith the sISF thd ddbve BtABI UeStriptit Al (AE ex-
quartz, chal k ammigs.ghe Invention isTigtéimitedtherbto but only by the scope and spiri of khie @peridsd diaiwal | C| €S
provi de reinforcenent for the conposition, while the |arge siliceous

or cal careous particles reduce the coefficient of friction to a point that
the resultant silicone rubber w per has an acceptable
coefficient of friction with respect to 5 " . autonotive gl ass.

-_
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Pref erably, a third silicaone pol yner, hydroxyl - ended
pblydinethylsiloxane havi ng a nol ecul ar wei ght between 1000 and 10, 000 and

pr ocess ai d. Thumm lm)ﬂ]’”mn”met neen S a\r/]vgl ég? gfent thgﬁgﬁ L‘lsl ?ggggsas :

particles to this thir'd |d'ol rrei" shoul d preferably be in the 10

range of 3 to 1 to 12 to 1, and nost prefkrably is approximately 6 to 1.
Conpositions according to the invention will also-typically include small
portions of onecigmgnore of the follow ng: silane, a ceriumstabilizer such
as cerium octoate, an anti-acid additjive, a

vul cani zati on 1.Cms@_c}omnds@umerbu@upableofinexpensive manufacturaandhaving goodwlpe quality, com-

2, 4-di chl orobenzoﬂ“ﬁ's-r oxi de, d| cu eroxi de or one of the :Pl ati num

catal ysts, and about 100 parts by am Icanizable elastomer including at least one silicone polymer; andy t h

sone of the Conpo%b&ﬂs&bﬁuézsﬁ oﬁﬁed ofafllerd rsedlnsandela merandselectedﬁ'omthegmup

be prepared by extruding a contlnuous Iength of curg% e S|I|cone pol ymer
el ast oner 2. The wiper blade bt lain §j iwhereinisald siicoue priymer isidireethyipiayisliangendbd mlydibrganosi-
shaped to pr dduce“’aa'p-ai r of wi per bl ades joined at a

m d-section thegeqh, i, G Grciaih £ ksl Srhdnd By T&Lﬁs hsid e%%ﬁ&ahyoo?b Rleeh &‘?and%g
conti nuous | engt h @ikt m@, ng,u,ﬂ@ o ratnaiddeGhbehwiD O 1gy 'S Her scored o
pr ef or med to produce a weakened m d-section. The continuous
| engt h of ext r utle dhewiper blasa ef Claim 1, wherein said vulcanizable silicone polymer elastomer comprises:
a major portion of dimethylvinylsiloxy-ended polydiorganosiloxane, said polydiorganosiloxane hav-
ing organic side groups consisting of 0.02 to 1 weight percent vinyt and the remainder methyl. and having
a molecular weight on the order of one million; and
a minor portion of dimethylvinylsiloxy-ended polydlmethylslloxane having a molecularweight on the
order of one million.

5. The wiper blade of Claim 4, and further comprising a third polymer consisting of hydroxyl-ended polydi-
methylsiloxane having a viscosity in the range of 5 to 100 centistokes.

6. The wiper blade of Claim 4, wherein said silicone polymer, prior to vulcanization, has 99.8% by weight
saturated side groups and 0.2% by weight unsaturated side groups.

7.. The wiper blade of Claim 1, wherein said filler includes between 3 and 55 parts by weight, relative to 100
parts by weight of the elastomer, of small siliceous particles having a surface area of about 200 square
meters/gram.

8. The wiper blade of Claim 7, wherein said small siliceous particles consist of fumed silica.

9. The wiper blade of Claim 1, wherein said filler includes from 20 to 55 parts by weight, relative to 100 parts
by weight of the elastomer, of a silicecus filler having a particle size of less than 5§ microns and selected
from the group consisting of fumed silica, precipitated silica and mixtures thereof.

40. The wiper blade of Claim 9, wherein said filler includes from 3 to 55 parts fumed silica relative to 100 parts
by weight of the elastomer. -

11. The wiper blade of Claim 9, and further including, relative to 100 parts by weight of the elastomer, about

: 3 to about 10 parts by weight of hydroxyl-ended polydimethylsnloxana havmg amolecular weight between
1000 and 10,000.

12. The wiper blade of Claim 11, wherein the ratio of parts by weight of small siliceous particles having diam-
eters of less than or equal to 5 mmns to parts by weight of said hydroxyl-ended polydimethylsiloxane is
inthe range of 3:1 to 12:1.

13. The wiper blade of Claim 12, wherein said ratio is about 6 to 1.

14. The wiper blade of Claim 1, wherein said ﬁiler includes from 0 to 36 parts by weight of precipitated silica.

15. The wiper blade of Claim 1, wherein said filler includes, relative to 100 parts by weight of the elastomer,

2510 200 parts of relatively large sized particies selected from the group consisting of ground quartz, celite,
chalk and mixtures thereof,

'.\
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polymer is then cured and thereafter the length of the extrudate is
Separated into two

cont i ous ot o IMATHMMIAMITIL ™ ° ™5 arong” e Veakenea mo- St fon

The separate | erfgt lis bf Wi per ade can then be cut into
I ndi vi dual w per-sized segnents of any desired | ength. The extrusion ;
process provi des a met Hod of i hexpensi ve manufacture, yet

when using the congosition of the ?m . _invention, produces a
Wi per bl ade Of1§J gr\’vlfegf.n erelabvelylargesnzedparﬂcleshavediameteninthelpmof

e

present inventio g Y "51 techni cal advantages over the prior -

art which yi el f, ahé QipErdlagé a Clayh BpaRRInIBH flefindiidedom aBbup €30 thvael 20d fafts by Wight of

first tine.s ground quartz. Silicone w per blades prepared according to the

i nvention are nuch rmreadurab.le1 t han pr;i n . nat ur al éubgeclaercteg)knadgs,

and will provi He g ?lglgonﬂsﬂﬁg ofgfg-%cﬁlg:ybsmoylﬂxi ean% :icuof per%x?:gfsag wi:r-b ade further compris-
ing a minor portion of peroxide insensitive pigment.

10 19. The wiper blade of Claim 1, wherein said wiper blade has a specific gravity in the tanée of from 1.30 to

1.65.
20. The wiper blade of Claim 19, wherein said wiper blad—e has a specific gravity of 1.55.

15 21. Thewiper blade of Claim 1, wherein said wiper blade has a coefficient of friction ranging between 2.2 and
2.8 g/g wt, when applied to a sheet of conventional automotive windshield glass.

22. A silicone composition windshield wiper blade having the following composition:
about 100 parts by weight of a silicone polymer elastomer including at least one polydiorganosi-
20 loxane; and
about 75 to 220 parts of a filler dispersed in said elastomer including particles having a coefficient
of friction with respect to glass that is substantially less than the coefficient of friction with respect to glass
of said polydiorganosiioxane.

25 23. A silicone composition wiper blade, comprising: )

' a vulcanizable silicone polymer elastomer, a first constituent of said elastomer consisting of a poly-
diorganosiloxane having a minor portion of unsaturated side groups and a major portion of saturated side
groups, a second constituent of said elastomer consisting of a polydiorganosiloxane having essentially
all saturated side groups, a third constituent consisting of hydroxyi-ended polydiorganosiloxane having

30 assentially all saturated side groups; and

a siliceous or calcareous filler including a major portion of siliceous particies having an average par-
ticle size in the range of 5 microns to 100 microns, said wiper blade having a coefficient of friction of about
2.2 - 2.8 g/g wt. as applied to standard automotive windshield glass.

as 24, Asilicone wiper blade, comprising:

a body, at least 908 by weight of said body consisting of vulcanizable polydiorganosioxanes and
siliceous or calcareous fillers;

a squeegee blade integrally formed with said body and projecting therefrom in a first direction, said
squeegee blade adapted to be deformed against a glass surface by a force acting thereupon in said first

© direction; '

a length of said squeegee blade and a standard elongation of said squeegee blade selected such
that about two square inches of said blade will contact said glass surface upon application of said force;
and

an amount of said siliceous or calcareous fillers selected so as to yield a coefficient of friction of

45 about 2.2 to 2.8 g/g wt. when said blade is applied to said glass surface.

25. A wiper blade, comprising:

about 100 parts by weight of a vulcanizable silicone polymer elastomer including at least one poly-
diorgano-siloxane; and

about 25 to 200 parts by weight of a particulate filler dispersed in said elastomer and selected from
the group consisting of ground quartz, chalk, celite and mixtures thereof, said particulate dispersed filler
having a coefficient of friction with respect to glass that is substantially less than said polydiorganosiloxane
polymers, such that the coefficient of friction of the wiper blade as a whole with respect to glass is in the
range of 2.2 to 2.8 g/g wt., yielding & wiper blade having good wipe quality.

85 : // _
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10. of the car on which they are nounted. Because the w per
bl ades according to the ' t nvention have a significantly
reduced coefficient of friction with respect to glass, they

de not encounter the problens of prior art silicone w per blades in pulling

out of the spi nes, excessive squeak or chatter, and
excessi ve wi ndshield w per notor |oading.13he silicone

wi per bl ades disclosed herein may be sufficiently inexpensively

manuf actured 15 that they will be comercially acceptable.
Finally, the use of silicone polyner as a substrate all ows
the addition of bright colorants, as tgsﬁgggsof bl ack or dark pignents

for ultraviolet protection is no |onge sary.

9 BRI EF DESCRI PTI ON OF THE DRAW NGS

Further aspects of the |nvent|on and t hei r advant ages may be d| scerned
~from r eadi nilicone g QN W gid wiper blades,and pipeess-for Maaking
taken in

A windshield wiper blade capable of inexpensive manufacture and having
good wipe quality comprises approximately 100 -parts by weight of a
vulcanizable eiastomer including at least one silicone polymer, and about 75 to
220 parts by weight of a siliceous filler dispersed in the elastomer. The
siliceous filler preferably includes a substantial portion of particles having a -
rélatively large diameter in the range of 5§ to 100 microns in order to lower the
coefficient of friction of the wiper blade with respect to automotive windshield

glass.

—
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conjunction with the drawi ngs in which: 5

FIGURE 1 is a graph show ng the rel ationship of w per blade specific
gravity to frictional force with respect to gl ass;

FLGURE 2 is a perspective view of a first enbodinent of a wi per blade

accordlngtothe I nventi on; "FIGURE 3 is a
cross-sectional view of the W pé/“bl ade shown in 10 FI GURE 2;
FIGURE 4 is a cross-sectional view of a second enbodi nent of a w per

bl ade according to the i nkRIGTIONAL; FORCE vs, FIGURE 5 is
a cr.oss-sectional j/ eSREQiFICaGRANlTNoDFeWEEMBmEt of a wi per

bl ade accordi ng ¢l ne rnvention, 15 - FIGURE 6 is
a perspective vi g %f he wi per bl ade depictjing the action

of the wiping ¢d n coqteact with a w ndshifeld gl ass;

FIGURE 7 is a %ﬁﬁied, chematic view of |an overall process

according to ttg ignyention; FIGURE 8 is an
i sol ated vi ew @1t3 p extrusi onNgdi e used i n tjhe extrusion
®
2 12 FIG. 1

1.1 1

1.0 —
24 25 26 27 28 29 30 31
FRICTIONAL FORCE (g/g wt)




20 step of the process of FIGURE 7;

FIGURE 9 is a perspective view of a pair of w per blades fornmed by the

‘process of FIGURE 7;
: FIGURE 10 is an isolated view of another

10
-enbodi nent of the extrusion die used in the extrusion step
~of the process of FIGURE 1; apg " : ' FIGURE 11 is a

perspective view of a pair of w per blades exiting the
extrusion die of FIGURE 10 showi ng the preforned m d-section of the
continuous 5 | ‘Iength of extruded el astoner. 40
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This is the replacenent sheet DETAI LED

DESCRI PTI ON OF THE | NVENTI ON

Conposi tion W per bl ades according to the
“imvention are manufactured using a silicone el astonmer gum
~with a high proportion of siliceous Aalgd/or -cal careous fillers 5

~therein. To nake up the silicone polynmer gum one or nore

‘pal=ydi or ganosi | oxanes may be used. The pol ydi or ganosi | oxanes
shoul d have a very major portion, such as at | east 99% of
saturated side groups, and a very mnor portion of unsaturated side




‘groups. For exanpl e, thp éTﬂc 3.5555 of} t he 5|ILrnnP polyoers can. when

‘t aken’ ca®@titute 99.9; we LASINENT SHEERS siSGe
groups, ahd OBﬁ?MQ@'{DO%ﬂE -10° gr ol p¥ DeEbmptpmr :gagedigé tofpaged gl
in general _ %/c &E)S ge Bééﬂm 0”'.0&2 Peged - w1 fht per ei?ﬁCiaam\s) naged%toqﬁged%'s
pr ef er abl ;} 5o w% CBol Mo ght pe’cmg"ﬂwmg(s) saged .. to paged ..
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portion of dinethylvinylsiloxy-ended pol ydi net hyl sil oxane. The first
.conmponent of this polymer blend, that is, the one with vinyl side groups,
may range i n wei ght percent between 55 and 76 parts where

both constituents total 100 parts,
conponent nmay range in weight perce

whil.e the second
nt between 24 and 45 percent.

These two constituents typically have nol ecul ar wei ghts of about one -

mllion, and 20
The pol yner blend or gum al so prefe
polydlnethyIS|onane
1000 to
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rably includes a hydroxyl

AND PROCESS FOR MAKING SAME

TECHNICAL FIELD OF THE INVENTION

This invention relates in general to windshield wiper blades and, more

particularly, to an improved silicone wiper blade having a proper coefficient of friction

and yet capable of inexpensive manufacture.
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2 10, 000, and a viscosity in the range of 5 to 100
centistokes. This third conponent of the gumis added as a
function of the anount of small siliceous reinforcing particles,

as-wi |l be hereinafter described. The third constituent nmay be present in

the final gum _ in the range of about 3 to about 10 parts by
wei ght, where once again the two main -5 silicone pol ynmer
- constituents total 100 parts. Hereinafter, the term"pph" will be used

to denote "parts per hundred”, or a nurrbe? of parts by weight relative to

100 parts by 1e. conbi ned hi gh nol ecul ar wei ght
pol ydi or ganoBAGKGROUND OF THE IN Silicone pol ymers

usi ng side groups ot her than met hyl and vinyl can al so be
used. For exanple, wheRaif, slestiindisngwihave atwaysiresehisd a wisionpaoblemsfor she
desired, a 10 smal | portion of phenyl groups may be included in

one or both ofivkher 4 Wevikgivehicltl T8e windshield wiper blade has attempted to minimize the
problem by clearing the windshield of the light obstructing moisture. Such blades are
5 typically formed of rubber or rubber-like materials. Over the years, wiper blades have
been modified in many Ways in order to enhance wipe quality and therefore visibility
during precipitation. In some instances, the configuration of the blade has been
changed to give a plurality of contact surfaces on the blade. Various modifications have

been introduced to improve the consistency and integrity of the wiping edge.

10 Workers in the wiper field have made prior attempts to use silicone
rubber as a base for a wiper blade composition, but without notable success. This is
because as a material, silicone rubber is superior to natural or other synthetic rubbers
for several reasons. Silicone rubber, i.e., high molecular weight, vulcanizable
polydiorganosiloxane, is able to withstand wide temperature variations without an

15 appreciable effect on its physical properties. Further, silicone rubber is virtually
unaffected by ultraviolet radiation_, even ové_r long periods of time. It is also resistant
to ozone, oil, salt, water and other road aﬂd automotive chemicals. If silicone rubber
compositions could be uéed' for wipers, ..they' would have the ability to resist
compression set and w1thstand solar radiation, chemicals, ozone, water, oil and salt

20 without adverse effeots.- 'i‘hl-ls., if comme‘rciaﬂy manufacturable silicone wipers were

possible, such wipers would have a much longer tifé than conventional natural rubber

wipers now in general use. Silicone rubbér_as used for wiper compositions has had



nol ecul ar wei ght constituents of the gum Phenyl side groups may be present
on one . or both of the major silicone polyner constituents
at approxinmately 5 nole percent. This woul d take the
enbrittlement point of the final w per from-100EF to -130EF

Wpers for aircraft, for exanple, would include silicone polyners having a
smal | 15 proportion of phenyl- side groups.

The silicone w per conpositions according,to the invention include an
unusual | y hi gh conponent of siliceous andPor cal careous or other filler.

Sur pri singly, o t hese high concentragion f fi . .
especi al | y wang sigrificant drawpagke it bas W%ﬁa‘i%tagﬂ ﬂgﬁ coefficient "Iflré}?ﬂf’er St&c‘{”ﬁ‘?i ng
process according to the invention, yield w per blades having a |ow 20
coef fici ent akspect & glass. dncpreliminary feetingiby iat yeastTone workee s thhBeldg sisone
present in the gum I n concentrations of between 75 and 220

00 T 5 L o ks St ofion o oy s ose
arms instead of wiping the windshield. Less catastrophic effects of this high coefficient
5 of friction include an unacceptably loud squeak or chatter as the wiper traverses the
windshield, and unacceptably high.loads oﬁ the windshield wiper motor.
U.S. Patent No. 4,904,434 (hereinafter, "the '434 Patent") and U.S.
Patent No. 4,981,637 (hereinafter, "the '637 Patent"), both to ﬁyer (together, the
"Hyer Patents"), disclose a method of forming an improved wiper blade utilizing an
10 extrusion process. In this method, a continuous length of curable elastomer is extruded
through a die having a die opening which is shaped to produce a pair of wiper blades
joined at a mid-section thereof in edge-to-edge relation. The '434 Patent discloses a
method of scoring the mid-section of the continuous length of the extruded elastomer
and the '637 Patent teaches preforming the mid-section to produce a weakened
15 mid-section. In both cases, the extruded elastomer is then curéd and, thereafter, the
length is separated into two separate lengths of wiper blade by dividing the length
either along the score line (the '434 Patent) or along the preformed mid-section (the
'637 Patent).
In addition to the disclosure of a method of forming a wiper blade usipg
20 an extrusion process, the Hyer patents disclose a silicone rubber composition 'for such-
wiper blades. These compositions are disclosed as containing about 100 parts silicone

polymer, about 40 parts filler, from about 0.5 to 2.0 parts vulcanizing catalyst, and O
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13 a large particulate filler can, for exanple, conprise
any of several refractory oxides, such as ground quart z,
celite (diatomaceous earth), chal k and other siliceous and :
calcareous mnerals, ferrites, alum na and other, and m xtures thereof. The

particul ate size of this large particul ate conmponent of the
filler is preferably in the range of 5 and 5 30 m crons.
-Ground quartz is a particularly preferred constituent for the |arge

particulate filler conponent. 4 _ A second
conponent of the filler has a nuch smaller sjze, on the order

of 5 nicrons toriOspests ef othep gnpanceraent agdditives,, e polysilgxane, pplymess are,fusther
refractory oxide or mneral, such as fumed or precipitated
silica. It isdigsdosedashavihy methyl end vyl drganic gooups, with the vinylf leweh t@ingoingle pph
of fumed silica be present in the small particul ate conponent. Funed

silica has a @ﬁg@'&% ¥ Bahblepbrétin®, Phe fillefs aRRpeifisdias|iticlddifiy Fumed siidal

each secondar particle consistent of about 200 primary

particles. A pri.ncipal..characteristic.of f . . L ] LS
its extrenel ngaégiﬂpf%tc%o'ﬂdg‘ﬁ'%’ %%f%ﬂ%??n %HSHS%]QSS? 'gh?re}?g}r E&g%t?

gram This makes this conponent of the filler useful for
reidforcing tad tespeqifydbe selatiye,ampounts of these different filler components.

One conventional method to measure the amount of silica filler in a
wiper blade is its speciﬁc gravity. It has been found that the Hyer wiper blades above
described typically have a specific gravity of 1.1 to 1.2. Such wiper blades still exhibit
a relatively high coefficient of friction with respect to glass, making them less than

l10 ' optimally suited for commercial use.

U.S. Patent 3,972,850 to Hamilton (hereinafter "Hamilton") discloses
a windshield wiper blade comprising silicone elastomer, dispersed filler and an additive
which imparts lubricant and hydrophobic characteristics to a windshield. The
polymerized silicone elastomer in Hamilton comprises approximately 3 to 20 parts

15 dispersed filler selected from silica, mica, molybdenum disulfide and
| tetrafluoroethylene, and approximately 0.2 to 10 parts 6f either dicoco dimethyl
ammonium chloride or a di[(n-hydroxy)polydimethyl-siloxanyl] n-(diethylamino)
methylsilane copolymer. The Hamilton reference states that amounts of silica filler

over 20 parts by weight are unsatisfactory for wiper blades.
- 20 While Hamiiton discloses a composite silicone rubber matérial capable
of imparting hydrophobic properties to windshields, Hamilton's composition is not

economicaliy feasible for mass manufacture due to Hamilton's use of exotic and
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15 bl ade. In addition or in

repl acement of the funed silica, precipitated silica can be
used. In preferred conpositions, fromO to 36 pph precipitated silica my
be.in the filler. As precipitated silica replaces funed
silica, relatively nore precipitated silica shoul d be used.
- 20 The relatively | ow nol ecul ar wei ght
. hydroxyl - ended polydinethglsiloxane can be thought as not a
- primary silicone constituent of the silicone polynmer gum

but instead as a process aid for coating the funed and
14 expensivepadditiysist Additionally, damiltes usGsRTSAPERHVRIEWINIBE (RINRIING {9
sil oxane reacts with the silica surface to keep down
hydrogen bondofifi. the twiperbladeh Fuithbd, cHasmiltonadees fidthieacti aewipehdlade physical
structure. The surface area of contact with the windshield, and therefore the profile of
the wiper blade, must vary as the composition of the blade is varied in order to yield
5 the same frictional force when the wiper blade is applied to glass.

In view of these prior art attempts, a long felt need continues to exist for
an improved windshield wiper blade that is capable of inexpensive manufacture; that
has an improved edge that provides a clean and unobstructed view; that has low
temperature flexibility providing easy release from ice collecting on the blade; that has

10 improved weatherability providing a surface impervious to ultraviolet and ozone decay
and unaffected by environmental temperature extremes; that has hydrophobic
properties; that has increased wiper durability; and that has resistance to salt and acid
rain corrosion. A need has also existed in the industry for wiper blades capable of
accepting non-black colorants. Conventional, natural rubber wiper blades are colored

15 black in order to protect the wiper blades from harmful ultraviolet radiation.

Windshield wiper blades having light or bright colors have not therefore been

commercially acceptable in the past.
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added smal | particulate filler makes the conposition too hard.

The hi gh nol ecul ar wei ght silicone polyners and the filler preferably 5
accounts for at |east ninety percent of the weight of the w per bl ade
conposition. O her conponents in a preferred conposition
i nclude a stabilizing agent that controls addi tional,
unwant ed vul cani zation due to heat. Such a stabilizer is ceriumoctoate
present in a concentration between 0.3 and 1.6 pph. The stabilizer does not
interfere " with the initiab vul canization, but instead
stabilizes the conposition under warmor hot 10 condi tions.
Anot her addi tSUMNIAR FRBIINMENRIONt al yst whi ch can, for exanple,
consi st of either a peroxide catalyst or a platinumcatal yst. A peroxide

catal yst can be According to 686 dspett/6ftheSnvenfiof]] £ bilicombahmishicldwipesi de,
in a concentration ranging from about 2.7 to about 3.2 pph.

Di cunyl per oxi : : : g@srw ' ;

p:c at |h num bas e@g%e;?'gf r@é’tﬁg% Qﬁl t ﬁ&gﬂﬁé to?tlf{uét*é fl o%%@%@%%@%%@a%%gﬂmg ut

if this is done,. . ) ch le of s used, .typically, on.the
order of 5 tﬂb@-%tﬁpﬁlﬂﬁwm&%abﬁﬁw by wei tofa\Rﬁcamzaﬁgfs 9y 10
to 20 parts per million. Silane may be present in the conpositions in the
rangje of 0.6 palymenelpgomerjrand aboutstsi to 220diarts by weight-ofacsiliceoys,caaloarans £5
magnesi um

other mineral filler dispersed in the elastomer. Preferably, the elastomer includes at
least one polydiorganosiloxane and even more preferably, the polydiorganosiloxane has
organo side groups consisting of between 0.02 and 1.00% vinyl, and the remainder
methyl. In a particularly preferred composition, the elastomer includes a major portion
10 of dimethylvinylsiloxy-ended polydiorgano siloxane, with the organo side groups
thereof consisting of 0.1 to 0.3 weight percent vinyl and the remainder methyl, and a
minor portion of dimethylvinyl-siloxy-ended polydimethylsiloxane.
The filler preferably includes between 3 and 55 parts by weight (relative
to 100 parts by weight of the elastomer) of small siliceous particles having a particle
15 size of less than or equal to five microns. These small siliceous particles can be
selected from the group consisting of fumed silica, precipitated silica and mixtures
thereof. The small particles can consist entirely of fumed silica with these particles
having a surface area of about 200 square meters per gram and present in
concentrations of 3 to 55 parts by weight relative to 100 parts by weight of th_e
20 elastomer. Some or most .of the fumed silica can be replaced by precipitated silica.
The filler also preferably includes larger siliceous or calcareous particles

in the range to 5 t-o 100 microns, and more preferably, 5 to 30 microns. Such larger



oxi de, zinc oxide, anphoteric alum num oxide or other base to counteract
the acid 20 breakdown products of the peroxide catal yst. Were
a peroxide catalyst is used, the antiacid additive should
be present in the conposition in the range of 0.6 to 1.2 ph.

15 Finally, the conposition may include

pi gnent, which can range from 0.2 to 20 pph. A nore
preferred range of pignentation is 0.6 to 2.7 pph. These

pi gments shoul d be peroxide-insensitive pfbnents where a peroxide

vul cani zati on catalyst is used, and may conprise inorganic
oxi des, or al pasticles candhe selestedfrom ot exameple, ground quartz, chalk dhewmalle
extrenely bright colors are desired. The

conposi tions silicevus pagicled ptdvide reliforct@ent!fay the 0mpositiors | wiikRthd ldrpé Yiliceous
of being brightly colored, as they do not have to be black or dark col ored
In order 10 o calcareous particles reduce the coefficient of friction to a point that the resultant
silicone rubber wiper has an acceptable coefficient of friction with respect to
5 automotive glass.

Preferably, a  third silicone polymer, hydroxyl-ended
polydimethylsiloxane having a molecular weight between 1000 and 10,000 and a
viscosity of between 5 and 100 centistokes, is added as a process aid. The ratio by
weight of the small siliceous particles to this third polymer should preferably be in the

10 range of 3 to 1 to 12 to 1, and most preferably is approximately 6 to 1.

Compositions according to the invention will also typically include small
portions of one or more of the foﬂoﬁg: silane, a cerium stabilizer such as cerium
octoate, an anti-acid additive, | a  vulcanization catalyst such as
2 ,4-dichlorobenzoylperoxide, dicumylperoxide or one of the platinum catalysts, and

15 pigment.

With some of the compositions of the invention, the wipér blade may
be prepared by extruding a continuous length of curablé silicone polymer elastomer
through a die having a die opening which is shaped to produce a pair of wiper blades
joined at a mid-section thereof in edge-to-edge relation. The mid-section of the

20 : coﬁti_mous length of the extruded silicone polymer is then eifher scored or preformed
| | to produce a weakened mid-section. The continuous length of extruded silicone

polymer is then cured and thereafter the length of the extrudate is separated into two



shield the conposition fromultraviolet radiation. Further, the

pi gnent ati on nmay take pl ace of sonme of the filler, with the
i norgani ¢ col ored oxi des being particularly 10 appropriate for
t his purpose. One conveni ent net hod of
measuring relative filler content is the specific gravity

of the wiper blade. FIGURE 1 is a graph -of w per blade specific:

gravity versus frictional force of the wi per blade with respect to gl ass.
Prior art silicone rubber i per constructions, such as

t hose disclosed in the Hyer patents fprevr ously descri bed,
have a speci f Sepagitgengths pf Wﬂ@flb.!ﬁdgé))'ol’uﬂl!n& theplength o eglastomer apart
bl ades, as previously expl ained, have a relatively low fil I er content and
exhi bi t along the weakehed nﬁd«emionf The separatd lengths df twipersbladecandihen be eatd
that a w per blade having a specific gravity of 1.3 is
approxi mately L gygﬂg S

sati sf act or| I ;ﬁt&?ﬁ%ﬂ%l f gsglyir%gv ﬁ?ﬁfﬁ%ﬁv&é&%&lﬁ ésﬁgtf:%%l%% {%ce?%e
i nvention

1 d_h
preferably shBEﬂ"dd‘?séilPe'RP‘? RF CErsly h%@‘g}é’?mri"alggw n i °°mP°S$8nffé'§F

The specific gravity of the w per bI ade clinbs as nore siliceous or
cal &ar eous invention, produces a wiper blade of superior edge quality.

The present invention confers several technical advantages over the prior

art which yield a commercially acceptable silicone wiper blade for the first time.

Silicone wiper blades prepared according to the invention are much more durable than

natural rubber blades, and will provide good wipe quality for at least the average life

10 of the car on wﬁich they are mounted. Because the wiper bladés according to the
invention have a significantly reduced coefficient of friction with respect to glass, they

do not encounter the problems of prior art silicone wiper blades in pulling out of the

‘spines, excessive squeak or chatter, and excessive windshield wiper motor loading. The

- silicone wiper blades disclosed herein may be sufficiently inexpensively manufactured

15 that they will be commercially acceptable. Finally, the use of silicone polymer as a
substrate allows the addition of bright col_o'raﬁts, as the use of black or dark pigments

for ultraviolet protection is no longer necessary.
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16 filler is added to it, because these substances are
heavi‘er than the largely pol ydi or ganosi | oxane el astoner gum
in which they are dispersed. The wi per bl ades
according to the invention are designed to be used as

repl acenents for conventional natural rubber autonotive w per bl ades, or as
originally 5 equi pped in substitution for such w per bl ades.
Such wi per bl ades generally have a | engt h of approximately
10 to 20 inches and a contact width of abdut 0.1 inch, yi el di ng

a squeegee blade/ﬂlass surface contact ar ea of approximately one to two
squar e i nchesBRIEE DESCRIPTION OFJHE DRA) of friction of the
conpositions has been arrived at with this anmount of

contact “surface area i nFuorthet aspéctshafsthd smventicnuand théia bd vantazes malyiberdiscenedi t a
coefficient 10 of friction greater than about 2.8 grans per

gram wei ght ag@ny @@é&ﬂ@rﬂﬂebhﬁl \Wefiled description and/or calcdfBMR' whOR¥AKRS: in
squeaki ng or chatter. The w per blades according to the invention, on

tngmot her han%njﬂ&\ﬁ%n%viw&ﬁrdr;vrvin Eiiﬁ)@vﬁich]; orce of about '2.4 to 2.7 grans per

5 - FIGURE 1 is a graph showing the relationship of wiper blade specific
gravity to frictional force with respect to glass;
FIGURE 2 is a perspective view of a first embodiment of a wiper blade
according to the invention;
FIGURE 3 is a cross-sectional view of the wiper blade shown in
10 FIGURE 2;
FIGURE 4 is a cross-sectional view of a seconé embodﬁnent of a wiper
blade according to the invention;
FIGURE 5 is a cross-sectional view of a third embodiment of a wiper
blade according to the invention; |
15 . FIGURE 6 is a perspective view of the wiper blade depicting the action
of the wiping edge in contact with a windshield glass;
FIGURE 7 is a simplified, schematic view of an | overall process
according to the invention;
FIGURE 8 is an isolated view of the extrusion die used in the exﬁusion
20 step of the process of FIGURE 7; |

FIGURE 9 is a perspective view of a pair of wiper blades formed by the

process of FIGURE 7;

1iis is the rep\acement sheet
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wei gh‘t. These wi per bl ades perform nuch better, as will be described in

nor e ‘det ai | : bel ow. 15
Structure The i nventors have fabricated
wi per bl ades which exhibit excellent characteristics in

part because of a synergismof their conposition, their structural

~profile and the nmethod of their manufacture. Therefore, they describe bel ow
' sone of the structural characteristics of the w pers that

yi el d such excellent results. 20 10 In FIGURE 2, a
perspective view of a wirpger bl ade according to the . .
invention i s shown geneddPURE10 isqm isolated yigy offangihgeembpdiment1af theyextinsion o
W per superstructure containing el enent indicated generally
at 11, and a digusseddr thel exthaisibd. step of the process of FIGURE 1; and

17
FIGURE 11 is a perspective view of a pair of wiper blades exiting the
extrusion die of FIGURE 10 showing the preformed mid-section of the continuous

5 length of-extruded elastomer.
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The superstructure retaining elenment 11 includes a thin neck 14, and a
relatively thick or wide flange 16.

The squeegee bl ade 12 varies in thickness between a thick base 18 and

a relatively thin squeegee bl ade end 20. In a preferred enbodi nent, each
side 22 of the 5 _ squeegee blade 12 is inwardly arcuate from
the base 18 to the tip 20. The squeegee bl ade 12 extends
axially in a first direction fromthe thin neck 14, and is opposed to
the relatively thick w per superstructuré-retalner fl ange 16.

FI GURES 3, 4 and 5 show cross- sectlonal views of different

enbodi ment s GERAHGED HDES I ON ENIONg to the invention. As
shown in 10 each of FIGURES 3, 4 and 5, each blade 10 incl udes
a superstructure joining or ' ggumgﬂgggtalnlng portion 11, a
squeegee bl ade 12 and a preferably flat wi pi ng edge 20. Like

parts are given the sa _ manu
As shown in FIGURE 3, t e& rqagﬁedr&(l@ﬂ%z g?l ne ynaarﬁestrfag%ué‘%d rlllguﬂ% 2

14 formed by | ongitudinal grooy 3 at 03| e si des f neck The
| ongi t udi nal silicone elastomer gum (}]‘F&‘oﬁ/ tsﬂ’rCSWEn cqr%qﬂjtt#f'egﬁ
opposite sides thereof thereby prOV|d|ng the opposi te sides

of 3 he neck XBereir. 'Tcamake upehelYicene: polpinery gama ege ob mare palydirgamsiloxanes
may be used. The polydiorganosiloxanes should have a very major portion, such as at
least 99%, of saturated side groups, and a very minor portion of unsaturated side
groups. For example, the side groups of the silicone polymers can, when taken
together, constitute 99.9 weight percent methyl side groups, and 0.1% vinyl side
10 groups. The percentage of vinyl in general may range from 0.02 to 1 weight percent,
and preferably falls between 0.1 and 0.3 weight percent.

Preferably, the silicone polymer elastomer includes a blend of two high
molecular weight silicone polymers : dimethylvinylsiloxy-ended polydiorganﬁsiloxane,
with the organo side groups consisting of 99.8 weight percent methyl and 0.2 vinyl,

15 and a minor portion of dimethylvinylsiloxy—ended polydiinethylsiloxane. The first
component of this poly_mef blend, that is, the lone with vinyl side groups, may range
in weight percent between 55 alid 76 parts Where both const_ituents_ total 100 parts,
while the second compdnent may 'range in Weighi percent between 24 and 45 percent.
These two constituents typically ‘have molecular weights of about one million, and

20 viscosities in excess of 500 000 centlstokes |

The polymer blend or gum also preferably includes a hydroxyl-ended

polydnnethylsﬂoxane having a muich lower molecular weight in the range of 1000 to

This is the replacement sheet
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The length of the edge 20 extends the |l ength.-of the w per bl ade.
Dinensions A, B, C, Db EfE F, Gand Has well as radii [err] and [err] and
radius offsets [err] and [err] are found in Table | below for the w per

bl ade shown in 20 FIGURE 3. Dinensions B, Cand D and F are
primarily determ ned according to the structure of the
vehi cl e wi per superstructure and spline. Dinensions A, H, [err],

and [err] are chosen to give optinun1desiqn and wi pe quality, and may vary
accordi ng 18
to the wiper blade conposition. For exar?@:h | engt h di nensions G and H

woul d be 10,000, and a viseesity rin thet rapge 9f g@ﬁwnénstokes f¥hds thishgosepanestef or

for conpositions having pol ydi or gano- si | oxanes with a | arger
proportion of the guth issadded @s afisction of tlkeamourit@f smgll siliceous reinforcing paatigies,
anounts of small-sized particulate fillers. The end thickness Awll also
vary, as will be hereinafter described. The third constituent may be present in the final gum
in the range of about 3 to about 10 parts by weight, where once again the two main
5 : silicone polymer constituents total 100 parts. Hereinafter, the tenﬁ "pph" will be used
to denote "parts per hundred”, or a number of parts by weight relative to 100 parts by
weight of the combined high molecular weight polydiorganosiloxanes.

Silicone polymers using side groups other than methyl and vinyl can also
be used. For example, where flexibility in extremely low temperatures is desired, a

10 small portion of phenyl groups may be included in one or both of the two major high
molecular weight constituents of the gum. Phenyl side groups may be present on one
or both of the major silicone polymer constitueﬁts_ at approXimately 5 mole percent.
This would take the enbrittlement point of the final wiper from -100EF to -130EF.
Wipers for aircraft, for example, would include silicone polymers having a small

15 proportion of phenyl side groups.

The silicone wiper compositions according to the invention include an
unusually high component of siliceous and/or calcareous or other filler. Surprisingly,
these high concentrations of fillers, especially when used in conjunction with the
manufacturing process according to the invention, yield wiper blades having a low

20 coefficient of friction and good wipe quality. The fillers should be present in the gum

in concentrations of between 75 and 220 pph. This filler may include from 25 to 200

pph of a large particulate filler having an average diameter of 5 to 100 microns. Such
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5 . as wll the thickness E of the base 12, according to the

relative resiliency of the cured conposi tion.

TABLE | D nension, in

Bl ade Profile A B C D E F G H 10

FI GURE 3 .035 .034 .180 .045 .210 .140 .079 . 231

FI GURE 4 .038 .035 .110 .040 .230 .100 .O070 . 275

FI GURE 5 .035 .040 .220 .050 .230 .195 .060 . 230

‘Blade Profile [err] [err] 13 [err] [err]

FI GURE 3 . 236 . 420 . 229 .100 15

Fl GURE 4 a largej particulate filler can3f9¢ example, comprisegahy of several refractory exiGeRES

. 125 . 377 . 142 Ref erri ng

now t o FI GUREsyth adeidimd qizbedicomst(diatstharb@dediei)ethdikand other siliceous andat
30 of the wi per blade is shown. . In‘this

enbodi nent, t SRR i e | efal kil f:ltﬂeﬁgﬁ]ﬁﬁbﬂu. ste .
subst anti al | y&ﬁn%re ne{ﬁ]rh%%fs{’ #{Htétshsel e%%dnent’ Shown TR @%&Eﬂf pa,&uf%lﬁteml I
32 ) f the w per blade base 25 _downwardly. sl opes from_th
ofdeval | 34 t 82 Abihis e paedelate componeit of dhe fler 8 Reytcrably Jp thTange 9 5aiht
angles to the wall of the neck 14 and the sidewal |l 34.

5 30 microns. Ground quartz is a particularly preferred constituent for the large

particulate filler component.

A second component of the filler has a much smaller size, on the order
of 5 microns or smaller. The filler may comprise from 20 to 55 pph of a refractory
oxide or mineral, such as fumed or precipitated silica. It is particularly preferred that

10 | from 3 to 55 pph of fumed silica be present in the small particulate component. Fumed
silica has a secondary particulate size of approximately 1 micron, with each secondary.
particle consistent of about 200 primary particles. A principal characteristic of fumed
silica is its extremely large surface area of approximately 200 square meters per gram.
This makes this component of the filler useful for reinforcing the end product wiper

15 blade.

- In addition or in replacement of the fumed silica, precipitated silica can
be used. In preferred compositions, from 0 to 36 pph precipitated silica may be in the
filler. As precipitated silica replaces fumed silica, relatively more precipitated silica
should be used. |

20 : The relatively low  molecular weight hydroxyl-ended

polydimethylsiloxane can be thought as not a primary silicone constituent of the

silicone polymer gum, but instead as a process aid for coating the fumed and
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Di nmensions A through H and [err] are given in Table | for this enbodi ment .

19 -~ FI GURE 5 di scloses a third enbodi nent 40
of a wi per bl ade according to the invention. The preferred
di rensions of this w per blade are given in Table I. In

addition to a first superstructure retaining flange 16, w per blade 40 has
a second thin neck 42 of approxinmately the sane di nension

as the first thin neck 14, and a second 5 ' flange 44. The

fl ange 44 has bevel ed corners 46. The Ieﬂéth of the neck 42 between

the first flange 16 and the second flange 44 is preferably about .045
i nches. The precipitated silica. The W@Rﬂdﬁl@é polydimethylwilogangrracts withy the silied ap| v
. 055 inches while the thickness of the unbevel ed top

portion of tRkerfacemkeepl dovge hydropen bomiing i iwbats \the filleh surfavee Othersviss, abe
as the thicknesses of neck 42 and 14.
added small particulate filler makes the composition too hard.
The high molecular weight silicone polymers and the filler preferably
5 accounts for at least ninety percent of the weight of the wiper blade composition. Other
components in a preferréd composition include a stabilizing agent that controls
additional, unwanted vulcanization due to heat. Such a stabilizer is cerium octoate
present in a concentration between 0.3 and 1.6 pph. The stabilizer does not interfere
with the initial vulcanization, but instead stabilizes the composition under warm or hot
10 conditions.
Another additive is a vulcanization catalyst which can, for example,
consist of either a pefoxide catalyst or a platinum catalyst. A peroxide catalyst can be
used, such as 2,4-dichlorobenzoyl peroxide, in a concentration ranging from about 2.7
to about 3.2 pph. Dicumylperoxide can also be used as a vulcanization catalyst. A
15 platinum-based catalyst can be substituted for the peroxide catalyst, but if this is done,
much less of is used, typically on the.order bf 5 to 100 parts per million, and more
preferably 10 to 20 parts per million. Silane may be present in the compositions in the
range of 0.6 to 1.0 pph. An anti-acid additive may also be used such as magnesium
oxide, zinc oxide; z_lmphoteric- alummum oxide or other base to counteract the acid ]
20 breakdown pfoducts of the pérbxide catalyst. Where 2 beroxide catalyst is used, the

antiacid additive should be present in the composit_ion in the range of 0.6 to 1.2 ph.
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10 Referring to FIGURE 6, an isonetric view of

W per’ bl ade 10 i s shown, as wiping a glass surface 50.

Fl ange 16 is shown retained within a channel ed spline 52,

which in turn is held by a claw 54 of a wi per arm super structure indicated
schematically and generally at 56. As the w per bl ade w pes across the

gl ass surface, the blade 12 will deformuntil a certain

wi dth 58 of the |leading arcuate sidewall 22 is 15 in contact with
the glass 50. As previously described, thd3conpositions according to

the invention have been formulated for a wwdth 58 of approxinmately 0.1
inch. Since the Finally, the composition may includepigmens; whichicntrangefronches
| ong for conventional autonotive applications, the total

surface area i0s2 wm%m%ﬁe%ﬁemdtm&®?f&ﬁwbﬁ% 0l6eo 2.7 p/ph. These
coefficient of friction of the w per blade of about 2.4 to 2.7 g/g wt. is

chosen Wi th tBisnerfO should be peroxid& ¥Rt pitdnfiC Whelet? pefbxidd Yulcanization

catalyst is used, and may comprise inorganic oxides, or alternatively certain organic
5 compounds where extremely bright colors are desired.

The compositions according to the invention have an unusual capability
of being brightly colored, as they do not have to be black or dark colored in order to
shield the composition from ultraviolet radiation. Further, the pigmentation may take
place of some of the filler, with the inorganic colored oxides being particularly

10 appropriate for this purpose.

One convenient method of measuring relative filler content is the
specific gravity of the wiper blade. FIGURE 1 is a graph of wiper blade specific
gravity versus frictional force of the wiper blade with respect to glass. Prior art
silicone rubber wiper constructions, such as those disclosed in the Hyer patents

15 previously described, have a specific gravity in the range of 1.1 to 1.2. Such wiper
blades, as previously explained, have a relatively low filler content and exhibit
frictional force problems. It has been discovered that a wiper blade having a specific
gravity of 1.3 is approximately the lower limit of wiper blades which can perform
satisfactorily. The specific gravity of the wiper blades according to the invention

20 should be in the range of 1.3 to 1.7, and preferably should fall within the rangé of 1.45

to 1.65. The specific gravity of the wiper blade climbs as more siliceous or calcareous



20 ' Process

Several, but, not all, w per blades according to the invention are
preferably nmade by the process fully disclosed in U S. Patent No.

4,981, 637, or alternatively, the process disclosed in U S.
Pat ent No. 4,904,434, both of which are 5 ' I ncor porated herein
by reference. : Referring to FIGURE 7, the
first step in the method of formng a w per blade is to
extrude a continuous length of a curable &astoner 111 from an extruder

113. The extruder 113 for the extrusion step

i's a conventifiled iexaddedeto Htvbeegusel Ghese substances age rhegpier thas i dreel¥eds
into a hot cylinder. The heat softens the elastonmer and it is

forced by onepglydidBsaosilixai¢ cRASOAME ghidh wiich\hpy atd disporsedgh a die 117
having a die - orifice. The die orifice forms the
cross-sectional shape o s MRS RSt . . asddorer
as it passes through i n&%%me%t | ona?af)gls %L.ng Ytelrlﬂ%lll %rr? d[)e?lgg%dstsoegé of ?ﬁg
type descri bed, are wel |l own in. the.ar d di scusse for
exanpl e, in LigRlagements forognventional natyrgl yyBbes autpmOog Ve WIREE l%frb%rra,s % Y K.
Arnol d, Introduction To Plastics, lowa State

5 ' equipped in substitution for such wiper blades. Such wiper blades generally have a

Jength of approximately 10 to 20 inches and a contact width of about 0.1 inch, yielding
a squeegee blade/glass surface contact area of approximately one to two sQuare inches.
The coefficient of friction of tﬁe compositions has been arrived at with this amount of
contact surface area in mind. It has been found that wipers which exhibit a coefficient

10 of friction greater than about 2.8 grams per gram weight are unacceptable because of
motor loading, squeaking or chatter. The wiper blades according to the invention, on
the other hand, have a lower frictional force of about 2.4 to 2.7 grams per gram
weight. These wiper blades perform much better, as will be described in more detail
below.

15 Structure

The inventors have fabricated wiper blades which exhibit excellent

characteristics in part because of a synergism of their composition, their structural
profile and the method of their manufacture. Therefore, they describe below some of
the structural cha;acteristics of the wipers that yield such excellent results.

20 | | | In FIGURE 2, a perspective view of a wiper blade according to the

invenﬁon is shown generally at 10. The body of wiper blade 10 includes a wiper

superstructure containing element indicated generally at 11, and a squeegee blade 12.
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Univérsity Press, 1968, pages 46-49. FI GURE 8
is a‘detailed view of the special die 117 used in the practice
of a nmethod according to the invention. The die 117 includes a di e opening

119 whi ch i s shaped to produce a pair of w per blades 121,
123 joined at a md-section 125 20 t hereof in edge-to-edge
rel ation. - The die 117 al so includes an
adj ust abl e scoring nechani sm such as adj ust abl e bl ades
%i?, 129. The bl ade tips 131 are not in cbhtact but are spaced apart

a preselected distance to score th '
el ast omer al cFhg superstrggnmtaimng element 11 includess Mﬁmﬁ&ﬂ%@ﬂ%ﬁﬁﬁ%ﬁh °

thereof to a depth | ess than the thickness of the continuous
| ength of el agtwideflang®@6pl ades 127, 129 can be adjusted by neans of screws

137, 139
The squeegee blade 12 varies in thickness between a thick base 18 and
andaﬁwiyﬂﬁnsqwmmmebhﬂeedeO.hlapnﬂbnedentwdhmmn,emﬂldde22ofﬂm
5 | squeegee blade 12 is inwardly arcuate from the base 18 to the tip 20. The squeegee
blade 12 extends axialiy in a first direction from the thin neck 14, and is opposed to
~ the relatively thick wiper superstructure retainer flange 16.
FIGURES 3, 4 and 5 show cross-sectional views of different
embodiments of wiper blades manufactured according to the invention. As shown in
10 each of FIGURES 3, 4 and 5, each blade 10 includes a superstructure joining or
rétaining portion 11, a squeegee blade 12 and a preferably flat wiping edge 20. Like
parts are given the same numbers in these drawings.

As shown in FIGURE 3, the retainer 16 is defined by a restricted neck
14 formed by longitudinal grooves 23 at opposite sides of the neck 14. The longitudinal
15 grooves 23 extend throughout the length on opposite sides thereof thereby providing
the opposite sides of the neck 18 with an .outwardly extending flange or retainer 16..

The length of the edge 20 extends the length of the wip'er_ blade.
Dimensions A,B,C,D, E, F, G and H as well as radii R, and R, and
radius offsets th and wR, are found in Table I below for the wiper blade shown in
20 FIGURE 3 Dimensions B, C and D and F are primarily determiﬁed according to the
structure of the vehicle wiper superstructﬁre and. splme Dimensions A, H, R,, R;, bR,

and wR, are chosen to give optimum design and wipe quality, and may vary according
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mounted on the die which are carried in vertical slots provided in the

bl ades. 5 The continuous | ength of extruded
el astoner 111 whi ch has been scored at the die 117 is then
passed to a curing station. For instance, in the enbodi nent

shown in FIGURE 7, the curing station is a continuous vul canizer 141. As
wll be famliar to those skilled in the art, the

conti nuous vul cani zer 141 can enpl oy, for i nstance, a

l i qui d nmedi um such as a eutectic salt bat d8through. which the el astonmer is
10 drawn. The salt bath contains a liquid salt at a tenperature
from about 35@Ftheovipsnblade composition. For exampleh tengthsdiensipno G andeH swould de
operating tenperatures will be simlar to water. _

It will be appagenieldtively i108deeafbroktifféie conpbsitioRy] ofl for Daéipssiidrisn baving

vul cani zer 141, any continuous vul cani zabl € net hod can be used. For

I nstance, the . . LZl | ¢ d
by a hot ai r Pedigraesomss wit Bk iiBrtiofBr V1 e Edibe th MEnRETRORE"
| ength of elastomer 111 could he cured wi thout a heat activated catalyst,
as larger anppngsof smallysized, pagticulafe flless The egd thigknessiAqwild also vary,
techniques famliar to those skilled in “the art. It is only
necBssary t haas wilkthp thkivkmess Eyof ther asel 12,natcandingetd therekdtive resiietnoynefithe cured

be cured such that the material can be divided and fornmed as subsequently
descri bed. composition. After curing, the continuous

| ength of curable elastoner 111 is separated

TABLE I
Dimension, in

BladeProfile A B C D E F G H

10 FIGURE 3 035 034 .180 .045 210 .140 .079 .23l
FIGURE 4 038 .035 .110 .040 .230 .100 .070 .275
FIGURE 5 035 040 220 .050 .230 .195 .060  .230
Blade Profile R, hR, wR, R
FIGURE 3 236 420 229 .100

15 FIGURE 4 246 .364 1261 -
FIGURE5  .125 377 142 -

Referring now to FIGURE 4, another embodiment indicated generally
at 30 of the wiper blade is shown.
In this embodiment, the superstructure retaining flange 16 1s
20 substantially more narrow than the embodiment shown in FIGURE 2. A top Waﬁ 32
of the wiper blade base 25 downwardly slopes from the sidewall 34 to the thin neck 14,
instead of being at right angles to the wall of the neck 14 and the sidewall 34.
Dimensions A through H and R, are given in Table I for this embodiment.
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20 ‘ into two separate | engths of w per blade 143, 145 by all ow hg

one length 143 to travel over a fixed nip roller 147 while
the second length 145 is pulled under the sanme roller

22 - 147. The begi nning separation can be done by hand with

t he ends 149, 151 being engaged by roller pairs 153, 155 of
a puller 157. Preferably, the continuous

| engt h of scored el astonmer 159 is separated by pulling over
nip roller 147 while the el astoner is at &\ el evated tenperature above 5
anbi ent. Leaving the extruder 113, the curable elastoner 111 is typically
at a t eHK@YRE Y dis¢loses pdhird;ergbodiment 40uef & Wiperblads agrording he
conti nuous vul cani zi ng step then typically raises the
tenperat ure tw the hivghidon. he\peé¢ferred dinensionsdf hist wipEobladesrt gives, in Table 1. In
in the case of a salt bath or hot air vulcanizing tunnel, the exiting
material 159 yxXitidh to a first superstructure retaining flange 16, wiper blade 40 has a second thin
neck 42 of approximately the same dimension as the first thin neck 14, and a second
5 flange 44. The flange 44 has beveled corners 46. The length of the neck 42 between
the first flange 16 and the second flange 44 is preferably about .045 inches. The
thickness of the second flange 44 is preferably .055 inches while the thickness of the
unbeveled top portion of the second flange 46 is approximately of the same dimension
as the thicknesses of neck 42 and 14.
10 Referring to FIGURE 6, an isometric view of Wiper blade 10 is shown,
as wiping a glass surface 50. Flange 16 is shown retained Wxthm a channeled spline 52,
which in turn is held by a claw 54 of a wiper arm super structure indicated
schematically and generally at 56. As the wiper blade wipes across the glass surface,
the blade 12 will deform until a certain width 58 of the leading arcuate sidewall 22 is
15 in contact with the glass 50. As previously described, the compositions according to
the invention have been formulated for a width 58 of approximately 0.1 inch. Since the
wiper 12 is on the order of 10 to 20 inches long for conventional automotive
appliéations, the total surface area is approximately one to two square inches. The

coefﬁciént of friction .of the wiper blade of about 2.4 to 2.7 g/g wt. is chosen with this

20 amount of surface area in mind.

1
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be at an el evated tenperature on the order of 300E - 450EF. The preferred
tenperature 10 for the scored el astoner 159 at the separating
roller 147 is in the range from about 100E - 300EF, nost
preferably about 200EF. The decrease in tenperature between the

continuous vul cani zer 141 and the separating roller 147 can be achi eved by

exposure to the anbi ent -at nosphere, pulling through a water
trough with water at anbient tenperature or by the use of
air jets if necessary. 15 20 The separate

continuous lengths of w per blade 143, 145 are then cut
transversely into individual w per-sizedroegssents 161, 163 by a
conventional cutter 165.

FIGURE 9 is a perspecti \Sevetakvbutl nat #1fyi twiptr badksdr actozdifig 36 O Ninverktfoh are
163, the segnents being separated by an opening 167 | ocated at the

| T el made b, B el 1) MRl B 7S Yok Yo
alternatively, the process disclosed in U.S. Patent No. 4,904,434, both of which are
5 incorporated herein by reference. |
Referring to FIGURE 7, the first step in the method of forming a wiper
blade is to extrude a continnous length of a curable elastomer 111 from an extruder
113.
The extruder 113 for the extrusion step is a conventional extruder having
10 a hopper 115 which feeds into a hot cylinder. The heat softens the elastomer and it is
forced by one or more spiral screws (not showh) out through a die 117 having a die
orifice. The die orifice forms the cross-sectional shape of the continuous mass of
elastomer as it passes through in conventional fashion. Extrusion processes of the type
described are well known in the art and discussed, for example, in Lynch, W.,
15 Handbook of Silicone Rubber, and L. K. Arnold, Introduction To Plastics, Iowa State
University Press, 1968, pages 46-49. |
FIGURE 8 is a detailed view of the special die 117 used in the practice
of a method according to the invention. The die 117 includes a die opening 119 which
is shaped to produce a pair of wiper blades 121, 123 joined at a mid-section 125
20 thereof in edgé—to-edge relation.
The die 117 also includes an adjuétable_ scoring mcchanisni, such as

adjustable blades 127, 129. The blade tips 131 -are not in contact but are spaced apart
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23 ' FI GURE 10 shows anot her enbodi ment of the
extrusion die used in the met hod of the invention. In this
enbodi nent, the die 187 includes bl ades 189, 191, the bl ade
tips 193 of which are not in contact but are spaced apart a presel ected

di st ance. In this case, however, a preform ng neans, such
as wire 195, extends between the 5 : bl ades 189, 191 to preform
the m d-section of the extruded el astomer 197 by weakeni ng
the nid-section thereof. The blades 189, 211 are fixed on the die face by
means of screw sets 199, 201, with wire 195 being, for instance, tack

wel ded t her eors. preselected distance to schretherceftinusius dengtia of elastomer along the tep and: |
for instance, a KEVLAR bl ade arranged bet ween the die

bl ades 189, 1%bttoMésurfasest133)aBs fherestsiadepthRsy thih e thitkaeksIfabd eoRinuodd
through the die 87 and preform ng nmeans 195, the el astoner reunites, or

tacks fela{tﬁrﬁ&{, REE b1l B, 356 L:Xnﬁ% @%st&?ﬁhﬁ%ﬁt&%&%fs%ﬂig?sé 0

forma conti nuo omer’ w weakenet

m d-section 198. FlI GURE 11 shows the el astoner exiting

the die 187 wioRonntedconthedie, wirich age carzied dn, V&@@ab%?tﬁg’f‘é‘ﬂ@%’r W“W bladss.e. The
5 ' The contimous length of extruded elastomer 111 which has been scored

at the die 117 is then passed to a curing station. For instance, in the embodiment
shown in FIGURE 7, the curing station is a continuous vulcanizer 141. As will be
familiar to those skilled in the art, the continuous vulcanizer 141 can employ, for
instance, a liquid medium such as a eutectic salt bath through which the elastomer is

10 drawn. The salt bath contains a liquid salt at a temperature from about 350E to 450E
F. The viscosity of the salt at operating temperatures will be similar to water.

It will be apparent that instead of the preferred salt bath continuous
vulcanizer 141, any continuous vulcanizable method can be used. For instance, the
vulcanizing step can as easily be performed by a hot air vulcanizing tunnel. Also, the

15 continuous length of elastomer 111 could be cured without a heat activated catalyst, as
| by using infrared radiation or gamma radiation techniques familiar to those skilled in

the art. It is only necessary that the previously formed and scored curable elastomer

be cured such that the material can be divided and formed as subsequently described.

After curing, the continuous Iength of curable elastomer 111 is separated .

20 into two separate lengths of wiper blade 143, 145 by allowing one length 143 td travel

over a fixed nip roller 147 while the second length 145 is pulled under the same roller
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continuous | ength of uncured, extruded elastoner 197 is then passed to a
curing station 15 and cured in the manner previously

di scussed. After curing, the continuous

| ength of curable elastonmer 197 is separated : into two
separate |l engths of w per blade, i.e., lengths 143, 145 in FIGURE 7 by
allowing one length 143 to travel over a fixed nip roller 147 while the
second |l ength 145 is pul L. ed under the sane roller 147. The
| engt hs can then be engaged by roller 282 pairs 153, 155 of a
pul l er 157, as previously discussed. The el astoner 197 separates .

al ong t he pr¥brHeibegianing sepasatioroean be dong:py hand withdeeade 149 b3t bpingde

havi ng 24
i mproved edgenggged by yolleFpaire 458 uB3500f ppultezds7al | ows a conti nuous | ength of
bl ade to be fornmed at a | ower cost than previous nol ding
techni ques. _ Preferably, the continuous length of scored elastomer 159 is separated

by pulling over nip roller 147 while the elastomer is at an elevated temperature above
5 ambient. 'Leaving the extruder 113, the curable elastomer 111 is typically at a
temperature in the range from about 90E - 100EF. The continuous vulcanizing step
then typically raises the temperature to a higher elevation above ambient. For instance,
in the case of a salt bath or hot air vulcanizing tunnel, the exiting material 159 would
be at an elevated temperature on the order of 300E - 450BF. The preferred temperature
10 for the -scored elastomer 159 at the separating roller 147 is in the range from about
100E - 300EF, most preferably about 200EF. The decrease in témperature between the
continuous vulcanizer 141 and the separating roller 147 can be achieved by exposure
to the ambient atmosphere, pulling through a water trough with water at ambient

temperaturé or by the use of air jets if necessary.
15 | The separate continuous lengths of wiper blade 143, 145 are then cut
transversely into individual wiper-sized segments 161, 163 by a conventional cutter

165.

FIGURE 9 is a perspective view of a pair of wiper sized segments 161,
163, the segments being separated by an opening 167 located at the approximate
20 | mid-section which formerly represented the score line prior to separation at the nip

roller 147.
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The fabrication process described in conjunction wth FIGURES 10 and

11 i s  useful for w per blades having a specific gravity of |ess than or
equal to about 5 1.40. For bl ade conpositions having a
speeific gravity of greater than 1.40, the extrusion
process is nodified such that no KEVLAR wire or filanment 195 is used to
preforma weakened mi dsection. Instead, the blades are extruded and are
passed “directly to the continuous vul cani zer 141 (FI GURE
7). Thereafter, the blades are 23 separated not by the nip
rollers are shown, but by a circular blade. As separated, the 10

bl ades are cut transver J8GYRE 10ishows\anothen embodimenteof thesextrusion die used in the
Exanpl es Exanmple 1 A conpound

was fornul at egnéilod ¢fahé hivestion. In Sy embudinigm| the@s187 imelaliés blades 189, 191, the
siliceous fillers and certain other additives, as set forth in Table II

bel ow. The si 'bl% Fig’?rél%§ Rf WHﬁh g’% g@ﬁé‘g‘;ﬁ‘:&ﬂﬂ%}é Qﬂéﬁ&i %M%I}%ﬁgc%? Zlgst%xcPar ts

by wei ght of a ol ymer
B, with pol r and polynmer B form,ng 100 parts b |_ght
of the gum ” PO s case. TROweREry.a prs AR TSRS Fycth At Bire L5y s REISIED (6

havi ng 99. 8% net hyl groups and 0. 2% by wei ght vi nyl groups
as pPer cent ageblagies 2189, ol%ata preform the mid-section of the extruded elastomer 197 by

weakening the mid-section thereof. The blades 189, 191 are fixed on the die face by
means of screw sets 199, 201, with wire 195 being, for instance, tack welded thereon.
The preforming means could also comprise, for instance, a KEVLAR blade arranged
between the die blades 189, 191. We found that by passing the raw extruded elastomer
10 through the die 87 and preforming means 195, the elastomer reunites, or tacks
together, immediately after passing the wire 195 to form a continuous length of
elastomer with a weakened mid-section 198. FIGURE 11 shows the elastomer 97
exiting the die 187 with the weakened mid-section 198 being clearly visible. The
continuous length of uncured, extruded elastomer 197 is then passed to a curing station
15 and cured in the manner previously discussed. |
After curing, the continuous l_engfh of curable elastomer 197 is separated
into two separate lengths of wiper blade, i.e., lengths 143, 145 in FIGURE 7 by
allowing one length 143 to travel over a fixed nip roller 147 while the second length
145 is pulled under the same roller 147. ‘The lengths-can then be engaged by roller
20 pairs 153, 155 éf a puller 157, as.pr'eviously' discussed. Thé elastomeli 197 separates

along the preformed mid section 198 into separate lengths of wiper blade having
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radicals in the gum The viscosity of polyner Ais controlled to be not

| ess than 5000 20 centistokes at 25EC. Pol yner B was

di met hyl vi nyl si | oxy- ended pol ydi net hyl sil oxane with a

vi seosity at or above 500, 000 centistokes at 25EC. Polyners A and B had a
 mol ecul ar wei ght of at |east one mllion. Polymer C, a structure control
tfluid or 25
process aid, consisted of hydroxyl-ended pol ydi net hyl sil oxane with a

vi scosity between 5 and 100 Xenti st okes and a nol ecul ar

wei ght between 1000 and 10, 000. This conpound was used to
extrude wi per iBIPERNed edge Auality hEhe exfEusioneproress alawea continuous length of blade pasURE
2 and with the dinmensions shown in Table |I. The w per bl ades were extruded

5 - atedutihetbati Dlowee cpstahasgredions roldiflg tethiqagsunct i on with FI GURES -
7, 10 and 11.
The fabrication process described in conjunction with FIGURES 10 and
11 is useful for wiper blades having a specific gravity of less than or equal to about
5 1.40. For blade compositions having a specific gravity of greater than 1.40, the
extrusion process is modified such that no KEVLAR wire or filament 195 is used to
preform a weakened midsection. Instead, the blades are extruded and are passed
directly to the continuous vulcanizer 141 (I-?IGURE 7). Thereafter, the blades are
separated not by the nip rollefs are shown, but by a circular blade. As separated, the
10 blades are cut transversely by a conventional cutter 165.
Examples
Ex. 1
A compound was formulated having three silicone polymer constituents,
siliceous fillers and certain other additives, as set forth in Table I below. The silicone
15 polymer constituents included a 75.2 parts by weight of a polymer A, 24.8 parts by
weight of a polymer B, with polymer A and polymer B forming 100 parts by weight
of the gum. Polymer A was dimethylvinyl-siloxy-ended polydiorganosiloxane having
99.8% methyl groups and 0.2% by weight vinyl groups as percentages of all organic
radicals in the gum. The viscosity of polymer A is controlled to be not less than 5000
20 centistokes at 25EC. Polynier B was dimethylvinylsiloxy-ended polydimethyl siloxane
with a viscosity at or above 500,000 centistokes at 25EC. Polymers A and B had a

molecular weight of at least one million. Polymer C, a structure control fluid or
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TABLE | |
pph

75. 2
24.2 10
9.9

- 54.5

1.0
1.6
1.2 15
25.0
2.8
0.6

These wipers were tested on conventional
BhRESME Whs V‘ﬁsgﬁ "to
| usly fo
FIGHRRLE v with
the current varied between a mninmumof 4.1 anperes in the
according to the process described in conjunction with FIG

conventi onal
wi ndshi el d
functioned co
stalling or t
this time,
maxdnmum of

10

15

20

Consti t uent

Pol ynmer A
Pol ynmer- B
Pol ymer C
Funed Silica
Si | ane :
Cerium Cctoate Stabilizer

Anti-Acid Additive

Ground Quartz

process aid conshitedoShydpexyt-egdedpolydimeshylsiloxane with a viscosity between

Pi gment

5 and 100 centistokes and a molecular wépglstcbétweer>1800 tand=10,000. This

Constituent
Polymer A
Polymer B
Polymer C

ass ftor on
t hj.s one h

BSI

Fumed Silica

Silane

Cerium Octoate Stabilizer
Anti-Acid Additive
Ground Quartz

2,4-Dichlorobenzoylperoxide

| Pigment

B HiYORS Ui,

aut onobi | e gl ass using 20

cCHP398L1bRA HbWn in

e W per system

h’%ﬁl%?@? L The. vimer %V\é\%r% %ﬁl%g

TABLE II

Specific Gravity = 1.30 -

7, 10 and 11.

75.2
24.2
9.9
54.5
1.0
1.6
1.2
25.0
2.8
0.6

These wipers were tested on conventional automobile glass using

conventional windshield wiper motors. The wipers were engaged to dry windshield

glass for one half hour. The wiper system functioned continuously for this one half

hour without stalling or tripping of a 7 ampere maximum motor circuit breaker. During

this time, the current varied between a minimum of 4.1 amperes in the maximum of
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26 . 6.8, the voltage renmained constant at 12.5 volts and the
W per’ speed and counts per m nute varied between 57 at the
start and 48 at the conclusion of the test.

The el enments or vertebrae did not show any breakage or pernmanent.
distortion after renoval of the respective proof loads in this test. The

arm | oads were 5 25 on the left armand 24.5 on the right
arm The w pers nmade no obj ectionable squeaki ng, chattering
or other noise during the dry glass test.26 No

squeaki ng, chattering or other noise was encountered during tests on
wet or danp dfB, gheaveltageemained constamt at: 12t voltaand ¢ wipeaispaed7and counts pas
different tests. The wi pers were subj ected

to an accel ermimie oaieEbetwees SPaChe bRsandy48 dkGhe conclusion of thek&€i Ng in an
ozone chanmber. No cracks appeared in the w pers even after 96 hours

under an ozone-rich at mMpRPRpEens o vertebrae did not showfvea.t{y brF?.kaIge or Pétni¥h & S

were al so subjected to a pernanen S|nu |on

RO N TR TN R —
el enents were al so tested for chem cal
5 25 on the left arm and 24.5 on the right arm. The wipers made no objectionable
squeaking, chattering or oﬂier noise during the dry glass test.
No squeaking, chattering or other noise was encountered during tests on
wet or damp dry glass. The drag coefficient was less than 1.75 in three different tests.
The wipers were subjécted to an accelerated ozone resistance test by
10 placing in an ozone chamber. No cracks appeared in the wipers even after 96 hours
under an ozone-rich atmosphere.
The wipers were also subjected to a permanent set simulation test after
24 hours at S00EF. After this exposure, the elements flipped over appropriately
without chatter in each of five samples. The elements were also tested for chemical
15 resistance to methyl and isopropyl alcohol by placing them .in 50% aqueous solutions
of these alcohols, and in 100% alcohol baths, for hours. The blades, in order to pass,
were to not have exceeded more than 2% weight change. In the 50 % methyl alcohol
solution, the actual weight change was 0.09%, while in 50% isopropyi alcohol, the
weight change was 0.04%. After Being placed in 100% methy] and isopropyl alcohol,
20 the weight chaﬁges weré 1.3 and .1.9% R resp'ectixiely, Wel_l. below the 5 % weight change

threshold. In an ozone test, the blades after expdéure showed no signs of discoloration

Or tears.
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15 resi stance to nethyl and isopropyl alcohol by placing themin
50% afjueous sol utions of these al cohols, and in 100%

al cohol baths, for hours. The bl ades, in order to pass,

were to not have exceeded nore than 2% wei ght change. In the 50% net hyl

al cohol solution, the actual weight change was 0.09% while
i n 50% i sopropyl al cohol, the wei ght change was 0. 04%

After being placed in 100% nethyl and isopropyl alcohol, 20 t he
wei ght changes were 1.3 and 1.9% respecti¥ely, well bel ow the 5% wei ght
change threshold. In an ozone test, the blades after
exposure showed no si gnsThesegvipersihad athagdness of 67E, a tensile strength e£830 psi, an

27 ' These wi pers had a hardness of 67E, a

tensile strengiléngatiofdf210%, ar tear strength of 95 psi. Afeed tia¥ing Bedtf agéd ¥80 4B h6lirs
tear strength of 95 psi. After having been aged for 48 hours
at S500EF, the hardness of the wiper blades increased only to 70E, the tensile strength
decreased only to 790 psi, and the elongation was 160%. In a compression set test for
5 22 hours at 350EF, the percentage compression set was 24 %.
In a test to demonstrate oil resistance, the blades were immersed in

ASTM#1 oil for 70 hours at 302EF. After this test, the blades exhibited a hardness of

63E, a tensile strength of 860 psi and an elongation of 190%.

Example 2
10 | A second formulation was mixed and had the constituents shown in
Table III.
TABLE I
Constituent | pph
Polymer A 55.2
15 Polymer B 44.8
Polymer C 9.1
Precipated Silica 35.7
Fumed Silica 3.1
Ground Quartz 130.3
20 Silane 0.6
' Cerium Octoate Stabilizer 0.3
Anti-Acid Additive 0.6
) 2,4-Dichlorobenzoylperoxide _ 3.2
Pigment 0.6
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at 500EF, the hardness of the w per blades increased only to 70E, the
tensite strength decreased only to 790 psi, and the

el ongation was 160% In a conpression set test for 5 . 22 hours
-at 350EF, the percentage conpression set was 24%

In a test to denonstrate oil resistance, the bl ades were i Mmersed in
ASTMEL oil for 70 hours at 302EF. After this test, the bl ades exhibited a

har dness of : 63E, a tensile strength of 860 psi and an
el ongation of 190% Exam®e 2 10
A second fornmul ati on was m xed and had the constituents shown in
Table I1I1. . s TABLE |11
Const it uent Specific Gravity = 1.55 oph
Pol ymer A ' ' 55.2 15
Pol ymer B . 44.8
Pol yner C As compared to the formulation of Example 1, a layger amount of
Preci pated Silica 35.7
Fumed Silica polymer B was used and a smaller portion of polymer A, yielding & wiper blade of
Ground Quartz 130.3 20
Si | ane og eqs . . ays .
te bility. This formul
Cer i um Cct oat greéxt é‘éllc_eful zlet¥ s formulation largely replaces the fumed silica sl%@mExample
5 1 with precipitated silica. The amount of ground quartz was increased from 25 to 130

parts by weight. This formulation was used to extrude a wiper blade having the profile
shown in FIGURE 3. The wiper blade had a specific gravity of 1.55, and exhibited
good wipe quality in a relatively low coefficient of friction. The specific gravity of the
wiper blade of Example 1 was 1.30. In this example, the wiper blades were extruded
10 according to the above-described process, except that circular knives were used to

effect separation between each blade pair after curing.

Example 3
A third formulation was made for a muiti-bladed wiper having a -
- cross-section substantially as shown in U.S. Patent No. 4,473,919 issued to Fritz, Jr.,
15 " which batent is incorporated herein by reference. The relative amounts by weight of

the constituents are shown in Table IV.
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Anti-Acid Additive 0.6
2, 4- Dt chl or obenzoyl per oxi de 3.2

Pi gment _ 0.6

28 - Specific Gavity = 1.55
As conpared to the fornul ati on of Exanple 1, a | arger anmount of

pol ymer B was used and a smaller portion of polyner A, vyielding a w per

bl ade of greater flexibility. This formulation |argely
repl aces the fumed silica shown in Exanpl &9 5 1 with
precipitated silica. The amount of ground quartz was increased from25 to
130 parts by weight. Thi‘&B]f.,ﬁrIW‘” ation was used to extrude a
wi per bl ade having the profile shown in FIGURE 3. The w per
bl ade had a sp€unftitaestr avity of 1.55, and exhibited ﬁph good
w pe quality in a relatively | ow coefficient of friction. The specific
gravity of thePolymerA 70
Polymer B 30
5 PplymerC _ 6.7
Fumed Silica _ 21.3
Ground Quartz 196.7
Cerium Octoate Stabilizer 0.3
2.,4-Dichlorobenzoylperoxide 2.7
10 Pigment 2.7

Specific Gravity = 1.65

This formulation‘ yielded a cured wiper blade ha\'/ing a specific gravity
of 1.65. The blade exhibited good wipe quality and a low coefficient of friction.
In summary, novel silicone polymer wiper blade compositions and
15 methods of manufacture have been disclosed that yield extremely durable wiper blades -
having géod wipe quality and acceptable coefficients of friction.
While the present invention has been described with the aid of the above
detailed description and the emples, the invent_ion_is not 11m1ted thereto but only by

the scope and spirit of the appended claims.
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w'rper‘bl ade of Exanple 1 was 1.30. In this exanple, the w per blades were

extruded 10 according to the above-descri bed process, except
that circular knives were used to e’F’Fect Separatiom between
each bl ade pair after curing.
A third formulation was made for a multi-bladed w per ‘LH!‘ lm“ ,!!,
cross-section substantially as shown in U S Patent ed to
Fritz, Jr., 15 whi ch patent is incorporated herern by
reference. The relative anounts by wei ght 30f the
constituents are shown in Table IV.
29 Claims TABLE |V

1 ' 1. A silicone windshield wiper blade capable of inexpensive manufacture

2 and having good wipe quality, comprising:

3 about 100 parts by Weight of a vulcanizable elastomer including at least

4 one silicone polymer; and

5 about 75 to 220 parts by weight of a filler dispersed in said elastomer

6 and selected from the grorlp consisting of siliceous materials, calcareous materials and

mixtures thereof.

1 2. The wiper blade of Claim 1, wherein said silicone polymer is

dimethylvinylsiloxy-ended polydiorganosiloxane.

1 3. The wiper blade of Claim 1, wherein said organo side groups consist

essentially of between 0.1 and 0.3 weight percent of vinyl, and the remainder methyl.

1 4. The wiper blade of Claim 1, wherein said vulcanizable silicone polymer

2 elastomer comprises:

3 a major portion of dimethylvinylsiloxy-ended polyd}organosiloxane, said

4 . polydiorganosiloxane having organic side groups consisting of 0.02 to 1 weight percent

5 vinyl and the remainder methyl, and having a molecular weight on the order of orre
_6 million; and | m

i
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. \
%nstituent ool 5 pph ”,iﬁ”/rrer A
. ol ymer :
0. Potymer 8 AR
6.7 ~ Funed Silica | nos
- 21.3 G ound Quartz
- 196.7 Cerium Cctoate Stabhilizer
0.3 2, 4- Di chl or obenzoyl per oxi de
2.7 10 Pi gnent 31
2.7 Specific Gavity = 1.65

Thig formul ation yiel ded minodrpation € rdimkthsilvifdsiloxy-eaded polydimethykiloxane
of 1.65. The bl ade exhi bited good wipe quality and a | ow coefficient of
friction. : ecula ; GAE®iMionnOVel silicone pol yner
w per bl ade c%ar;,pl%gs?ﬁ%ns gnvéexgli%onthe orde of met hlc())il:ils of manufacture have
been disclosed that yield extrenely durable w per bl ades
havi ng good wi pe quality and acceptable coefficients of friction.
VWil e the present invention has been described with the aid of the above
det &i I'ed descri pti8n andheviperxblags ef Claimed, anddlurthermcomprising pithird PoLyoesT et o
but only by the scope and spirit of the appended cl ai ns.

2 consisting of hydroxyl-ended polydimethylsiloxane having a viscosity in the range of

5 to 100 centistokes.

1 6. The wiper blade of Claim 4, wherein said silicone polymer, prior to

2 vulcanization, has 99.8% by weight saturated side groups and 0.2% by weight
unsaturated side groups.

1 7. The wiper blade of Claim 1, wherein said second filler includes between

2 3 and 55 parts of weight, relative to 100 parts by weight of the elastomer, of small

siliceous partiélés having a surface area of about 200 square meters/gram.

1 8. The wiper blade of Claim 7, wherein said small siliceous particles

co_nsist of fumed silica.

1 - _ 9. The wiper blade of Claim 1, wherein said filler includes from 20 to 55
2 ' parts of weight, relative to 100 parts by weight of the elastomer, of a siliceous filler
_3 ~ having a particle size of less than 5 microns and selected from the group consisting of

fumed silica, precipitated silica and mixtures thereof.

This is the replacement sheet

Date: 02 'SEP 1908

This Sheet Has Been Reﬂlaced




1. A silicone wi ndshield w per blade capable 'of | nexpensi-vemanufacture. _
and -having good wi pe quality, the material formng the w per bl ade

exhibiting a coefficient of friction with respect to gla um HHI]
2.4 to 2.7 grams/g.w . inclusive, conprising mu 1' Fﬁllm

parts by weight of a vulcanizable el astoneric including at | east -~ ohe
silicone polynmer; and about 75 to 220 parts by weight of a
filler dispersed in said elastonmer and selected fromthe group consisting
of siliceous materials, calcareous materi32s and nixtures thereof, said
filler including from 25 to 200 parts by weight of a first filler having
an hverage parti cl #0.di a¥hé sviperrbladesofrGlaime 9o vhereimsaid @illet inchudes firom 81to $520
to 55 parts by wei ght of a second filler having an average particle

di ameter of ﬁ’fiﬁsﬁ‘%ﬁtﬂ sﬁldi‘lﬁfaﬁvét&m?arwl%iwbﬁﬁt§P&6'eidsﬁ)nﬂii'awty of the

w per bl ade f hin the range o

1 11.  The wiper blade of Claim 9, and further including, relative to 100 parts -
2 by weight of the elastomer, about 3 to about 10 parts by weight of hydroxyl-ended

polydimethylsiloxane having a 1holecular weight between 1000 and 10,000.

1 12.  The wiper blade of Claim 11, wherein the ratio of parts by weight of
2 small siliceous particles having diameters of less than or equal to 5 microns to parts by

weight of said hydroxyl-ended polydimethylsiloxane is in the range of 3:1 to 12:1.
1 | _ 13. The wiper blade of Claim 12, wherein said ratio is about 6 to 1.5.

1 14. The wiper blade of Claim 1, wherein said filler includes from O to 36

parts by weight of precipitated silica.

1 . 15. The wiper blade of Claim 1, wherein said filler includes, relative to 100
2 parts by weight of the elastomer, 25 to 200 parts of relatively large sized particles

selected from the group consisting of group quartz, celite, chalk and mixtures thereof.

1 - 16. The wiper blade of Claim 15, wherein the relatively large sized particles

have diameters in the range of about 5 to about 30 microns.
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2. The wi per blade of claim1l, wherein said silicone polynmer is a
pol ydi or ganosi | oxane. 3. The w per bl ade of claim2, wherein
sai d pol ydi organosi | oxane has vinyl groups only on its .
The. wi per bl ade of claim2, wherein said polydiorganosilo m nor
portion of phenyl side groups. 5. The wi per bl mﬂmm,mlm”m
wherein said silicone polyner is dinethylvinylsiloxy-ende

pol ydi or ganosi | oxane. 6. The wi per bl ade of claimb5, mhereln sal d
pol ydi or ganosi | oxane has organo side grodds consisting of between 0.02 and

1.0 wei ght percent vinyl, and the remai nder nethyl.
1 17.  The wiper blade of Claim 15, wherein said filler includes from about

" 130 to about 200 parts by weight of ground quartz.

1 18.  The wiper blade of Claim 1, and further comprising a minor portion of

2 peroxide catalyst selected from the group consisting of 2,4-dichlorobenzoyl peroxide

3 and dicumyl peroxide, said wiper blade further comprising a minor portion of peroxide
insensitive pigment.

1 19.  The wiper blade of Claim 1, wherein said wiper blade has a specific

gravity in the range of from 1.30 to 1.65.

1 20.  The wiper blade of Claim 19, wherein said wiper blade has a specific

gravity of 1.55.

1 21.  The wiper blade of Claim 1, wherein said wiper blade has a coefficient
2 of friction ranging between 2.2 and 2.8 g/g wt., when applied to a sheet of

conventional automotive windshield glass.

1 22. A silicone composition windshield wiper blade having the following
2 composition:
_3 about 100 parts by weight of a silicone polymer elastomer including at
4 least one polydioréanosiloxane; and
/;Has Been Replaced This is the replacement sheet
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31 7. The wi per bl ade of claim®6, wherein said_organo side

groups consist essentially of between 0.1 and 0.3 wei ght M
and the renmai nder nethyl. 8. The wi per bl ade of ' , erein
sai d vul cani zabl e silicone polymer elastomer conprises a ﬂlm !’ m"l
- di met hyl vi nyl si | oxy-ended pol ydi organosi | oxane, said pol ydi*or gano

. havi ng organi c side groups consisting of- 0.02 to 1 weight percent vinyl ¥
and remai nder nethyl, and having a nol ecul ar wei ght on the order of one
mllion; and a minor portion of dinethylvidylsiloxy-ended

pol ydi net hysi | oxane having a nol ecul ar weight on the order of one mllion.
9. 3 The wiper bl ade ofaboltalSo220paitsfofrat filker dispersed su sajd alastomed, noluding
consi sting of hydroxyl -ended pol ydi met hysi | oxane having a viscosity in the

range of 5 t oparkidfes HaGinS @WeEfoient of frictionlWith respe@ tHighRs tHak ARbSnGA1B By,

wherei n said pol ydi organosi | oxanehas organic side groups including from

0.1 0.3 ' ' . ' : . :
The ;[Mpper vag e f)@@@{;égﬁ%@é’b%@ gﬁn 1:sﬁ[al gpé’g?fgli lg%ggfpsgﬁyﬁkmﬁafl%%ﬂof 8&61'

vul cani zation, has a major portion of saturated side groups and a m nor
portion of

1 23.  Asilicone composition wiper blade, comprising: a vulcanizable silicone
2 polymer elastomer, a first constituent of said elastomer consisting of a
3 polydiorganosiloxane having a minor portion of unsaturated side groups and major
4 portion of saturated side groups, a second constituent of said elastomer consisting of
5 a polydiorganosiloxane having essentially all saturated side groups, a third constituent
6 consisting of hydroxyl-ended polydiorganosiloxane having essentially all saturated side -
7 groups; and
8 a siliceous or calcareous filler including a major portion of siliceous
9 particles having an average particle size in the range of 5 microns to 100 microns, said
10 ‘wiper blade having a coefficient of friction of about 2.2 - 2.8 g/g wt. as applied to

standard automotive windshield glass.

1 . - 24.  Asilicone wiper blade, comprising:

2_ _ a body, at least 90% by weight of said body consisting of vulcanizable
3 | - polydiorganosiloxanes and siliceous or calcareous fillers;
4 | ' | : a squeegee blade integrally formed with said body and projecting
_5 | ‘therefrom in a first direction, said squeegee blade adapted to be deformed against a
6 | glass surface by a 'force acting thereupon in said first direction;
F This is the replacement sheet
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unjsat‘u_ra_t ed side groups. S 12. The wi per bl ade of claim 11, wherei
said-+silicone polyner, prior to vulcanization, has 99.8% by weig

ht |
saturated side groups and 0.2% by wei ght unsaturated side P m || l“ ullllu ||
13.. The wiper blade of claim 11, wherein said silicone po L O
vul cani zation, has from 99.00%to 99.98% by wei ght methyl side (fzjroups.

14. The w per blade of claim1l, wherein said silicone polyner has from
0.02% to 1.0 weight percent vinyl side groups.
. 32 15. The wi per bl ade of clai m38, wherein said second filler
. conprises smaller siliceous particles having a_surface area of about 200
squdre neters/gram a length of said squeegee blade and a standard elongation of said
8 squeegee blade selected such that about two square inches of said blade will contact
9 said glass surface upon application of said force; and
10 an amount of said siliceous or calcareous fillers selected so as to yield
11 a coefﬁci‘ent of friction of about 2.2 to 2.8 g/g wt. when said blade is applied to said
- glass surface.
1 25. A wiper blade, comprising:
2 : about 100 parts by weight of a vulcanizable silicone polymer elastomer
3 including at least one polydiorgano-siloxane; and
4 | about 25 to 200 parts by weight of a particulate filler dispersed in said
5 elastomer and selected from the group consisting of group quartz, chalk, celite and
6 mixtures thereof, said particulate disperséd filler having a coefficient of friction with
7 respect to glass that is substantially less than said polydiorganosiloxane polymers, such
8 that the coefficient of friction of the wiper blade as a whole with respect to glass is in

the range of 2.2 to 2.8 g/g wt., yielding a wiper glade having good wipe quality.

R ———
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16.° The wi per blade of claim 15, wherein said small siliceous particles
consi‘sts of funmed silica. 17. “The:w per bl ade of claim 1,
wherein said second filler is selected fromthe .group consisting of funed
silica, precipitated silica and m xtures thereof. 18. The wi per

bl ade of claim 17, wherein said second filler is from20 to 55 parts funed
silicarelative to 100 parts by weight of the el astoner. 19. The
wi per blade of claim 17, further including, relative to 100 parts by

wei-ght of the el astonmer, about 3 to about 30 parts by weight of

hydr oxyl - ended . polydlnethyIS|onane havi ng a nol ecul ar melght bet ween 1000
and 10, 000. I FCOMBROSIHION-WEINDSEHERDI WIPERBIADEShe rati o of
parts by wei ght of sald second filler to parts by wei ght of said

hydroxyl - ended pol ydi met hyl si j : \ GSAMES: 1 to 12:1.

21. The wi per bl ade of cl ai'm 120, wher ei n sal d rato is about 6 to 1.
22. The wi per bl ade of claim 1, wherein said second filler includes from
0 to 36 parts by weight of precipitated silica. 23. The wi per

bl ade of claim1l, wherein said first filler | k% d fromthe
- ABSTRACT OF THE mi& ( _CSiiE

A windshield wiper blade capable of inexpensive manufacture and

having good wipe quality comprises approximately 100 parts by weight of a

vulcanizable elastomer including at least one silicone polymer, and about 75 to 220

parts by weight of a siliceous filler dispersed in the elastomer. The siliceous filler

5 preferably includes a substantial portion of particles having a relatively large diameter
in the range of 5 to 100 microns in order to lower the coefficient of friction of the

wiper blade with respect to automotive windshield glass.

Figure 11
SRR o ent sheet
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grodp consisting of ground quartz, celite, chalk and mixtures there sf.
24.- " The wiper blade of claim23, wherein sai flmLAGEMENTo‘&%E
relatively large SI ing di ane dsoriptin TRagee- SftoaR?& _é
to about” 30 microns. ﬂnmmll"m}’ﬁmbl ,me wi per b tefm(s) ai npagsd mr?ﬁgﬁ """
said first filler inckudes froma 130 to abngm&@_&g(p)arg@ ﬂ)y"-WQIW of-

ground quart z. [1 Abstract :paged.=.to paged .....
26. . The wi per blade of claim1l, furtheggconpdising, rel at Ive to 100 parts
by weight of said el astoner, about one part b ﬁ‘}ﬂ?w e___?_j_/_if___‘?_z__,

27. The Gighms bl ade of claim11, further conpri elatre—to—T00parts

by weight of said elastoner, fromO0.3 to 1.6 parts by wei ght of cerium
oct oat e. 28. The wi per blade of claim1, further including,

' L;' \?,te : \éﬁt t 8 . 122 aﬁ{ |t ?\a%]l chS gﬁﬁﬁshleﬁ widel BlaBé BapSHIB6f indkpHEive nfanbificiuré aRAT TS
having good wipe quality, the material forming the wiper blade exhibiting a coefficient of
friction with respect to glass in the range of 2.4 to 2.7 grams/g.wt. inclusive, comprising
about 100 parts by weight of a vulcanizable elastomeric including at least
one silicone polymer; and
about 75 to 220 parts by weight of a filler dispersed in said elastomer and

selected from the grdup consisting of siliceous materials, calcareous materials and
mixtures thereof, said filler including from 25 to 200 parts by weight of a first filler having
an average patrticle diameter in the range of 5 to 100 microns and from 20 to §5 parts by
weight of a second filler having an average particlé diameter of less than 5 microns such
that fhe specific gravity of the wiper blade falls within the range of 1.3 to 1.7.

2. The wiper blade of claim 1, wherein said silicone polymer is a
polydiorganosiloxane.

3. The wipér blade of claim 2, wherein said polydiorganosiloxane has vinyl
groups only on its ends.

4. The wiper blade of claim 2, wherein said polydiorganosiloxane has.a minor
portion of phenyl side groups. |

5. The wiper bléde of claim 2, wherein said silicone polymer is
dimethylvinylsiloxy-ended polydiorganosiloxane.

6. . The wiper blade of claim 5, wherein said polydiorganosiloxane has organo
side groups consisting _of between 0.02 and 1.0 weight percent vinyl, and the remainder

methyl.



L)

The wi per bl ade of claim 1, further conprising a mnor portion of

29

vul cani zi ng catal ysts selected fromt group consisting of platinum
catal ysts and peroxi catal ysts. : 30. The wi per bl ade of claim

29, wherein said pero
of 2, 4-dichl orobenzoylf
bl ade of claim

W per

i nsensitive pignent. 32. The wgper bl ade of claim1, further
conprising, relative to 100 parts by weight of said elastonmer, fromO0.6 to

2.7 parts by wegght qhevigirdbigidiof claim 6, wherdth said digandisidergrélpactonsist cl ai m 1,
wherein said w per blade has a specific gravity of 1.55. 34.

wi per bl adgsgntiSty?dfBetweet'@:1 @nd osﬂvéigﬁisﬁérsé}ﬂ%f Gayly SR the@emaindesmethyl. Y

bef ore vul cani zati on of not | ess than

35.

coefficient of friction wth respect fo glass in the range of

- A windshi gl d wrpghyibdrdfitiiel et 10ivhereiPéid Vatarf2dbidéifidons pglyérlnq[ro

00, 000 centistokes at [err]

grans/ g. W g1akidnidt SoitprisSy hitforipdRion of dimethylvinylsiloxy-ended polydiorganosiloxane,

said polydiorganosiloxane having organic side groups consisting of 0.02 to 1 weight
percent vinyl and remainder methyl, and having a molecular weight on the order of one
million; and a minor portion of dimethylvinylsiloxy-ended polydimethysiloxane having a
molecdlar weight on the order of one million.

9. The wiper blade of claim 8, and further comprising a third polymer

| consisting of hydroxyl-ended polydimethysiloxane having a viscosity in the range of 5 to

100 centistokes.

10.  The wiper blade of claim 2, wherein said polydiorganosiloxanehas organic
side groups including from 0.1 to 0.3 weight percent vinyl, and the remainder methyl.

11.  The wiper blade of claim 1, wherein said silicone polymer, prior to
vulcanization, has a major portion of saturated side groups and a minor portion of
unsaturated side groups. |

12. The wiper blade of claim 11, wherein said silicone polymer, -prior to
vulcanization, has 99.8% by weight saturated side groups and 0.2% by weight
unsaturated side groups.

13.  The wiper blade of claim 11, wherein said silicone polymer, prior to
vulcanization, has from 99.00% to 99.98% by weight methyl side groups.

14, The wiper blade of claim 11, wherein said silicone polymer. has from 0.02%

to 1.0 weight percent vinyl side groups.
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ding from25 to 200 parts by weight of a first
filler havi ng *pactitl " diameters in the range of 5 to 100 nicrons and from
20 to 55 parts by weight of a second filler having particle dianeters of
less than 5 microns said first filler ingbuding particles of a substance
having a coefficient of friction with respect to glass that is
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16.  The wiper blade of claim 15, wherein said small siliceous particles consists
of fumed silica.

17.  The wiper blade of claim 1, wherein said second filler is selected from the
group consisting of fumed silica, precipitated silica and mixtures thereof.

18.  The wiper blade of claim 17, wherein said second filler is from 20 to 55
parts fumed silica relative to 100 parts by weight of the elastomer.

19.  The wiper blade of claim 17, further including, relative to 100 parts by
weight of the elastomer, about 3 to about 10 parts by weight of hydroxyl-ended
polydimethylsiloxane having a molecular weight between 1000 and 10,000.

20. The wiper blade of claim 19, wherein the ratio of parts by weight of said
second filler to parts by weight of said hydroxyl-ended polydimethylsiloxane is in the
range of 3:1 to 12:1.

21.  The wiper blade of claim 20, wherein said ratio is about 6 to 1.

22. The wiper biade of claim 1, wherein said second filler includes from 0 to 36
parts by weight of precipitated silica.

23. The wiper blade of claim 1, wherein said first filler is selected from the
group consisting of ground quariz, celite, chalk and mixtures thereof.

24.  The wiper blade of claim 23, wherein said first filler consists of relatively |
large sized particles having diameters in the range of about 5 to about 30 microns.

25. The wiper blade of claim 23, wherein said first filler includes from about

130 to about 200 parts by weight of ground quartz.



-a vul cani zabl e silicone polyner elastoner, a first constituent of said

el astoner consisting of a polydiorganosil oxane having a m nor portion of
unsat urated si {11 1Te Ilﬂmuﬁ jor portion of saturated side groups, a
second consti tﬂ“‘m“m tomer consisting of a polydi organosil oxane
havi ng essentiaklycalt datdrafed side groups, a third constituent

consi sting of a hydroxyl -ended pol ydi or ganosi | oxane havi ng essentially all
saturated side groups; and a first fillgg of siliceous or cal careous
particles having an average particle size in the range of 5 mcrons to 100
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28.  The wiper blade of claim 1, further including, relative to 100 parts by weight
of said elastomer, about 0.6 to 1.2 parts by weight of an anti-acid additive.

29. The wiper blade of claim 1, further comprising a minor portion of
vulcanizing catalysts selected from the group consisting of platinum catalysts and
peroxide catalysts.

30. The wiper blade of claim 29, wherein said peroxide catalyst is selected
from the group consisting of 2,4-dichlorobenzoyl peroxide and dicumyl peroxide.

31.  The wiper blade of claim 30, further comprising a minor portion of peroxide
insensitive pigment.

32. The wiper blade of claim 1, further comprising, relative to 100 parts by
weight of said elastomer, from 0.6 to 2.7 parts by weight of a pigment.

33. The wiper blade of claim 1, wherein said wiper blade has a specific gravity
of 1.55.

34. The wiper blade of claim 1, wherein said silicone polymer has a visbosity
before vulcanization of not less than 500,000 centistokes at 25°C.

35. A windshield wiper blade formed of a material exhibiting a coefficient of

friction with respect to glass in the range of 2.4 to 2.7 grams/g.wt. inclusive, having the
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35. ’ . Wi per bl ade having a specific gravity between 1.3 and

1.7 the materj i “‘gmw per bl ade having a coefficient of friction
Wi th respect l@i\wmmw“‘\ ange of- 2.4 to 2.7 grans/g.w. conprising
about 100 part wel ght %of *a vul cani zabl e silicone polynmer el astoner

I ncludi ng at | east one pol ydi organosi | oxane; about 25 to 200 parts
by weight of a first particulate filler dispersed in said elastoner and
havi ng an average particle dianmeter betwgen 5 and 100 microns and selected
fromthe group consisting of ground quartz, chalk, celite and m xtures
thereof, fHbwingbimpesitén.di spersed filler formed of a substance having a

- coefficient of friction with respect to glass that is substantially |ess

than sai d pol ydi or ganipeut f00petsY WeGhtsof ailitone polymer 8lasteimer tholigbatpar t s
by wei ght of a second particulate filler dispersed in said elastonmer and
havi ng an @é@tﬁﬁ!&%dhj’&iéﬂﬁn@siﬁxaﬁ&tdhﬂ of less than 5 m crons.
about 75 to 220 parts of a filler dispersed in said elastomer, said filler
including from 25 to 200 parts by weight of a first filler having particle diameters in the
range of 5 to 100 microns and from 20 to §5 parts by weight of a second filler having
particle diameters of less than 5 microns said first filler inclUding particles of a substance
having a coefficient of friction with respect to glass that is substantially less than the
coefficient of friction with respect to glass of said polydiorganosiloxane, such that the
specific gravity of the wiper blade falls in the range of 1.3to 1.7.
36. A wiper blade, comprising
a vulcanizable silicone polymer elastomer, a first constitueht of said elastomer consisting
of a polydiorganosiloxane having a minor portion of unsaturated side groups and a major
portion of saturated side groups, a second constituent of said elastomer consisting of a
polydiorganosiloxane having essentially all saturated side groups, a third constituent
consisting of a hydroxyl-ended polydiorganosiloxane having essentially all saturated sidé
groups; and a first filler of siliceous or calcareous particles having an average particle size
in the range of 5 microns to 100 microns, and present in the range of 25 to 200 parts by
weight relative to 100 parts of said silicone polymer elastomer and a second filler of
siliceous or calcareous particles having an average particle size of less than 5 microns
and present in the range of 20 to 55 parts by weight, said wiper blade having a specific
gravity in the approximate range pf 1.3 to 1.7, the material forming the wiper blade having
a coefficient of friction of about 2.4-2.7 grams/g.wt. as applied to standard automotive

windshield glass.



1

* ¢ L M s

35

37. A wiper blade having a specific gravity between 1.3 and 1.7 the material
fonﬁing the wiper blade having a coefficient of friction with respect to glass in the range of
24t027 gramélg.wt. comprising about 100 parts by weight of a vulcanizable silicone
polymer elastomer including at least one polydiorganosiloxane;

about 25 to 200 parts by weight of a first particulate filler dispersed in said
elastomer and having an average particle diameter between 5 and 100 microns and
selected from the group consisting of ground quartz, chalk, celite and mixtures thereof,
said particles dispersed filler formed of a-substance having a coefficient of friction with
respect to glass that is substantially less than said polydiorganosilozane polymers; and

about 20 to 55 parts by weight of a second particulate filler dispersed in said

elastomer and having an average particle diameter of less than 5 microns.



