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This invention relates in general to windshield wiper blades , y, an improved silicone 
wiper blade having a prop« coefficient offrlclfon and_ yet capable of Inexpensive manUfaclunt. 

BACKGROUND OF THE INVENTfON 

Rain, sleet and snow having always presented a vision problem for the driver of a moving vehicle. The wind­
shield w,iper blade has ·attempted to minimize lhe problem by dearing the windshield of the light obstructing 
moisture. Such blades are typlcallyfonned of n1bberor tubber-llke materials. Over the years, wiper blades have 
been modified In many ways In order to enhance ~pe quality and therefore vislbDlty 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. 

Workers in the wiper field have made prior attempts to u~ silicone rubber as a base for a wiper blade com­
poaltiOn, but without notable success. This Is because as a material, silicone rubber Is superior to natural or 
other synthetic rubbers for several reasons. Silicone n1bber, l.e.,-hlgh molecular weight, wlcanlzable potydior­
ganosiloxane, Is able to withstand wide temperature variations without an appreciable effect on its physical 
properties. Further, sUlcone subber is virtually unaffected by ultraviolet radiation, even over long periods of lime.· 
It Is also resistant to ozone, ol, salt. water and other· road and automotive chemicals. If silicone rubber com-

. positions could be used for wipers, they would have the abllty to resist compression set end withstand solar 
radiation, chemicals, ozone, water, oil and salt without adverse effects. Thus, if commercially manufacturable 
siltcone wipers we~ 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 at least one worker in the fl8ld, silicone 
wipers exhibited such a high coefficient of friction that they tore loose from the wiper anns instead of wiping 
lhe windshield. Less catastrophic effects of this high coefftelent of friction Include an unacceptably loud squeak 
or chatter as the wiper traverses the windshield, and unacceptably high loads on 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 Hyer (together, the •Hyer Patents;, dlsdose a method of fanning an improved wiper blade 
utDizing an 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 mld·section to. produce a weakened mid­
section. In both cases, the extruded elastomer Is then cured and, thereafter, the length is separated into two 
separate lengths of wiper blade by dividing the length either along lhe score line (the '434 Patent) or along the 
preformed mid-section (the '637 Patent). 

In addition to the disclosure of a method of fanning 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, about40 parts filler, frcim about 0.5 to 2.o parts wlcanizing catalyst, 
and O to 1 O parts of other enhancement additives. The polysftoxane polymers are further disclosed as having · 
methyl and vinyl organic groups, with lhe vinyl level being In the range of 0 to 5 mole percenl The fillers are 
specified as including fumed silica, precipitated silica, ground quartz, calcium carbonate and iron oxide. The 
Hyer patents fal to specify the relative amounts of these different filler components. ~ 

One conventional method to measura the amount of sBica fDler 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 stil exhibit a relatively high coefficient of ~on with respect to glass, making them less lhan 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 I • nt and hydrophobic characteristics to 
a windshield. The polymerized silicone elastomer in Hamil ·mately 3 to 20 parts dispersed 
filler selected from silica, mica, molybdenum dlsulfidean pproximately 0.2 to 10 parts 
of either. dicoco dimethyl ammonium chloride or a di[{ .. · xy)p,,qlyclil.D!Jhyl- nyl) n-(dlethylamino) - me-
thylsilane copolymer. The Hamilton reference s amoufiff ~lllca fill r 20 parts by weight are 
unsatisfactory for wiper blades. ; .o F. lpf'h ~12 

While Hamilton disdoses a composite silicone RI rifate.~ ~~'bf imp g hydrophobic properties 
to windshields, HamDton's compo_sltion is not econon:i ly fe~~ble,;~ f&ss cture due to Hamilton's 
use of exotic and expensive additives. Additionally, H•q\~ . usesari'ijxpens . lding technique to form the 
wiper blade. Further, Hamilton does not teach a wiper bl.~ . tl)tsical a The surface area of contact 
with the windshield, and therefore the profile of the wiper bl' dto,' . · lhe composition of the blade Is 
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varied In order to yield the same frictional fo~ 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 windshleld wiper blade 

that Is capable of Inexpensive manufacture; that has an Improved edge th!lt provlde8 a clean and unobstructed 
view; that has loW temperature flexlbOlty providing easy release from Ice coD8cting on the blade; that has Im­
proved weatherablllty providing a surface lmpelVious to ultraviolet and ozo~e decay and unaffected by envir­
onmental temperature extremes: that has hydrophobic properties; that has Increased wiper durability; and that 
has resistance to salt and •cld rain corrosion. A need has also existed in the Industry for wiper blades capable 
of accepting non-black colorants. Conventional, natural rubber Wiper blad~ are colored 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. 

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 itboul 100 parts by weight 

of a wlcanlzable silicone polymer elastomer, an~ 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 polydlorga­
noslloxane and even more preferably, the polydlorganosiloxane. 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 

20 a major portion of dimethylvlnylsiloxy-ended polydiorganoslloxane, 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 dlmethylviny.1-sloxy­
ended polydlmethylsiloxane. 

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

25 ceous particles can be selected from the group consisting offumed silica, precipitated slica and mixtures th819-
of. The small particles can consist entirely of fumed sHica 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 the elastomer. Some or most of the fumed sllca can be replaced by precipitated silica. 

The filler also preferably includes larger siliceous or calcareous particles 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 sBlceous particles provide reinforcement for the composition, while the large sDi­
ceous or 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 automotive glass. 

Preferably, a third silicone polymer, hydroxyl-ended polydimethylsloxane 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 sDiceous particles to this third polymer should preferably be In the range of 3 to 1 to 12 
to 1, and most preferably Is approximately 6to1. 

Compositions according to the Invention will also typically include small portions of one or more of the fol­
lowing: silane, a cerium stabilizer such as cerium octoate, an anti-acid additive, a wlcanization catalyst such 

"" 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 prepated 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 contlnuoui 
length of the extruded sHicone polymer is then either scored or prefonned to produce a weakened mid-section. 

45 The continuous length Of extruded silicone polymer is then cured and thereafterthe length of the extrudate is 
separated into two separate lengths of wiper blade by pulling the length of continuous elastomer apart &!ong 
the weakened mid-section. The separate lengths 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. 

50 The present invention confers several technical advantages over the prior art which yield a conmercially 
acceptable silicone wiper blade for the first time. SDlcone wiper blades prepared according to the Invention ant 
much more durable than natural Ribber blades, andwDI provide good wipe quality for at least-the average fife 
of the car on which they are mounted. Because the wiper blades according to the invention have a significanUy · 
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 lneicpensively manufactured that they win be 
commercially acceptable. FinBlly, 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 necessasy. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Furlher aspecis of the Invention and their advantages may be dlscemed from reading the foHowlng delaDed 
description and/or calcareous when taken In conjunction with the drawings in which:. 

1 FIGURE 1 ls a graph showing the relationship of wiper blade specific gravity to frictional forCe with respect 
to glass: 
FIGURE 2 ls a perspective view of a first embodiment of a wiper blade according to the Invention; 
FIGURE 3 ls a cross-sectlonal view of the wiper blade shown In FIGURE 2; 
FIGURE 4 Is a cross-sectional View o_f a second embodiment of a wiper blade according to the Invention; 

10 FIGURE 5 Is a cross~sltctlonal view of a third embodiment of a wiper blade according to the Invention; 
FIGURE 6 Is a perspective view of the wiper blade depicting the action of the wiping edge In conlact 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 extrusion step of the process of FIGURE 7; 

11 FIGURE 9 Is a perspective view of a pair of wiper blades fanned by the process of FIGURE 7; . 

20 

FIGURE 1 O Is an isolated view of another embodiment 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 AGURE 10 showing 
the preformed mid-section of the continuous length of extruded elastomer. 

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 sDiceous and/or calcareous fillers therein. To make up the silicone polymer gum, one or more poly­
diorganosiloxanes may be used. The polydiorganosnoxanes 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 aide 
groups of the silicone polymers can, when taken IOgether, 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 falls between 0.1 and 0.3 weight percent. 

Preferably, the silicone polymer elastomer includes a blend of two high molecular weight sDicone polymers: 
dlmethylvinylslloxy-ended polydiorganosiloxane, with the organo side groups consisting of 99.8 weight percent 
methyl and 0.2% vinyl, and a minor portion of dimelhylvinylsiloxy-ended polydimethylslloxane. The fll'SI: 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 IOlal 100 parts, while the second component may range in weight percent 
between 24 and 45 percenL These two constituents typically 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 polydimethylsBoxane having a much 
"° 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 smceous reinforcing particles, 
·as wUI be hereinafter described. The third constituent ~Y be present in the final gum In the range of about 3 
ID about 1 O parts by weight, where once again the two main sfticone polymer constituents tolal 100 parts. Here­
inafter, the term •pph• will be used to denote •parts per hundred", or a number of parts by weight relative ID 

" 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, whera 

ftexibDity 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 constituenls of the gum. Phenyl side groups may be present on 
one or both of the major silicone polymer constituents at approximately 5 mole percenL This would lake the 

S1 enbrittlement point of the final wiper from-100°F to -1300F. Wipers for aircraft, for example, would Include all­
. lcone polymers having a small proportion of phenyl 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 coef· 

55 ficient of friction and good wipe quality. The fillers should be present In lhe gum In concentrations of between 
75 and 220 pph. This filler may include from 25 IO 200 pph of a large particulate filler having an average di~ter 
of 5 to 100 microns. Such a large partiailate fdler can, for example, comprise any of several refractory oxides, 
such as ground quartz, celite (diatomaceous earth), chalk and Other aiiceous and calcareous minerals, ferrites, 



.. 4 

alumina and other. and mlxlures thereof. The particulate size of this large particulate component of the filler Is 
preferably In the range of 5 and 30 microns. Ground quartz Is a partlculady preferred ·constituent for the large 
particulate filler eomponent. . 

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

ticularly preferred that from 3 to ·55 pph of fumed silica be present In the small particulate compol"!ent. Fumed 
slllca has a secondary particulate size of apP.roxlmately 1 micron, with each seeondary particle consistent of 
about 200 primary particles. A principal characteristic of fumed smca is Its extremely large surface area of a~ 
proximately 200 square meters per gram. This ~this component of the filler ~seful for reinforcing the end 

10 product wiper blade. · 
· In addition or In replacement of the fumed sDlca, precipitated silica can be used. In preferred compositions, 

from O to 36 pph precipitated sDica may be In the filler. As precipitated silica replaees fumed sillca, relatively 
more precipitated silica should be used. · 

The relatively tow molecular weight hydroxyl-ended· polydimethytsDoxane can be thought as not a primary 
15 slllcone constituent of the silicone polymer gum, but Instead as a process aid for coating the fumed· and pre­

cipitated slllca. The hydroxyl-ended polydimethylsDoxane reacts with the silica surface to keep down hydrogen 
bonding. It coats lhe filler surface. Otherwise, the added small particulate fDler makes the composition too hard. 

The high molecular weight silicone polymers and the filler preferably accounts for at least ninety percent 
ofthe weight of the wiper blade composition. Other components In a preferred composition Include a stabDizing 

20 agent that controls additional, unwanted wlcanizatlon due to heat. Such a stabilizer is cerium octoate present 
In a concentration between 0.3 and 1.6 pph. The stabllzerdoes not Interfere with the Initial wlcanizatlon, but 
instead stabilizes the composition under wann or hot conditions. 

Another additive is a wlcanization catalyst which can, for example, consist of either a peroxide catalyst or 
a platinum catalysL 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. Dicumylperoxlde can also be used as a vulcanization catalysL A pl• 
tinum-based catalyst can be substituted for the peroxide catalyst, but If this is done, much less of Is used, ~ 
lcally on the order of 5 to 100 parts per million, and more preferably 1 O to 20 parts per million. snane 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 of the peroxide catalyst. Where a peroxide catalyst Is used, the antiacid additive should be present In the com­
position in the range of0.6 to 1.2 ph. 

Finally, the composition may include pigment, which can range from 0.2 to 20 pph. A more prefened range 
of pigmentation is 0.6 to 2.7 pph. These pigments should be peroxide-insensitive pigmenls where a peroxide 
wlcanization 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 capabDity of being brighUy colored, as they 

do not have to be black or dark colored In order to shield lhe composition from ultraviolet radiation. Further, 
the pigmentation may take place of some of the filler, wilh the inorganic colored oxides being particularly a~ 
propriate for this purpose. · "° One convenient method of measuring relative filler content Is the specific grav!_ty of the wiper blade. FIG-
URE 1 is a graph of wiper blade specific gravity versus frictional force of the wiper blade with respect to glass. 
Prior art sDicone rubber wiper constructions, such as those disclosed In the Hyer patents pr"'iously describdd, 
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 

45 gravity of 1.3 is approximately the lower limit of wiper blades which can perfonn satisfactorily. The specific grav­
ity ofthe 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 dimbs as more siliceous or calcareous 
filler is added to it, because these substances are heavier than the largely polydiorganoslloxane elastomer gum 
In which they are dispersed. 

50 The ~iper blades according to the Invention are designed to be used as replacements 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 frie>­
tion of the compositions has been arrived at with this amount of contact surface area in mind. It has been found 

55 that wipers which exhibit a coefficient of friction greater than about 2.6 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 lowerfrictional force of about2.4 to 2.7 grams perg~ weighl These wiper blades perform much better, 
as will be described in more detaD below. · 
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Structure 

The Inventors have fabricated wiper blades which exhibit excellent characteristics in part because of a syn­
ergism of their composition. their structural profile and the method of their manufacture. l'herefore, they da-

5 scribe below sori'.le of the slnlclural charactaristlca of the wipers that yield such excellent results. 
In FIGURE 2, a perspective view of a wiper blade according to the Invention Is shown generally at 10. The 

body of wiper blade 10 Includes a wiper superslnlcture containing element Indicated generally at 11, and a 
squeegee bfade 12. The superstructure retaining element 11 Includes a thin neck 14, and a relatively thick or 
wide flange 16. · 

10 The squeegee 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 opposeci 
to the relatively thick wiper superstructure retainer flange 18. . 

FIGURES 3, 4 and 5 show cross-sectlonal·vlews of different embodiments of wiper blades manufactured 
15 according to the Invention. /4s 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 18 ls defined by a resbicted neck 14 fonnmed by longltudlnal grooves 
23 at opposite sides of the neck 14. The longitudlnal grooves 23 extend throughout the length on opposite aides 

20 thereof thereby providing th~ opposite sides of the neck 18 wllh an outwardly extending flange or retainer 18. 
The length of the edge 20 extends the length of the wiper blade. 

Dimension• A. 8, C, D, E, F, G and H es well es radii R1 and Rz and radiua offseta hR1 and wR1 are found 
In Table I below for the wiper blade shown In FIGURE 3. Dimensions 8, C and D and Fare primarily determined 
according to the structure of the vehicle wiper superslnlcture and spline. Dimensions A. H, R,, R21 hR,. and 

25 wR1 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 
compositions having polydlorgano-snoxanes with a larger proportion of vinyl side groupa In them or having larg­
er amounts of small-sized particulate fdlers. The end thickness A will also vary, as will the thickness E of the 

30 

35 

base 12, according to the relative resiliency of the cured composition. · 

DILB J: 
·Dimension, in 

Blade Profile A B c D E F G H 

FIGORE 3 .035 .034 .180 .045 .210 .140 .079 .231 
FIGORE 4 .038 .035 .110 .040 .230 .100 .070 .275 
FIGORE 5 .035 .040 .220 .oso .230 .195 .060 .230 

Blade Profile Rt hR1 wR1 Rz 
FI GORE 3 .236 .420 .229 .100 
FIGORE 4 .246 .364 .261 

FIGORE 5 .125 .377 .142 

Referring now to FIGURE 4, another embodiment indicated generally at 30 of the wiper blade ls ahown. 
In this embodiment. the superslnlcture relalnlng ftange 18 Is subslanlially more narrow than the embodi-

!SO ment shown in FIGURE 2. A top wall 32 of the wiper blade base 25 downwardly elopes from Iha sidewall 3' 
to the thin neck 14, Instead of being at right angles to the wan of lhe neck 14 and the sidewall 3'. Dlmenslona 
A through H and R1 are given in Table I for thla embodiment. 

FIGURE 5 discloses a third embodiment 40 of a wiper blade according to the Invention. The preferred di­
mensions of this wiper blade are given In Table L In addition to a first superslnlcture retaining flange 18, wiper 

55 blade 40 has a second thin neck42 of approximately the same dimenaion as the fntthln neck 14, and a second 
ftange 4'. The flange '4 haa beveled comers .ti. The length of the neck 42 between the first flange 18 and 
the second ftange 44 is preferably about .045 Inches. The thickness of the second ftange 44 is preferably .055 
inches while the thickness of the unbeveled top portion of the a~d flange 48 Is approximately of the aame 
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dimension as the thicknesses of neck G and 14. 
Referring to FIGURE 6, an Isometric view of-wiper blade 10 ls shown, as wiping a glass surface 50. Range 

16 ls shown retained within a channeled spline 52, which In tum Is held by a daw 5' of a wipe{ ann superstruc­
ture indicated schematically and generally at 56. As the wiper blade wipes across the glass surf8ce, the blade 

5 12 will defonn until a certain width 58 of the !eading arcuate sidewall 22 ls In contact with the glass 50. As pre­

viously described, the compositions according to the lnventIOn have·been formulated for a width 58 of approx• 
imately 0.1 Inch. Since the wiper 12 ls on ihe order of 10 to 20 Inches long for conventional automotive appli­
cations, the total surface area is appn>Ximately.one to two square Inches. The coefficient of friction of the wiper 
blade of about 2.4 to 2. 7 gig wt Is chosen with this amount of surface area In mind. 

10 

Process 

Several. but not all. wiper blades according to the Invention-are preferably made by the process fuUy dis­
dosed In U.S. Patent No. 4,981,637, or81tematlvely, the process disclosed In U.S. Patent No. 4,904,434, both 

15 of which are Incorporated herein by reference. 
Referring to RGURE 7, the first step in the method of forming a wiper blade Is to extrude a continuous 

length of a curable elastomer 111 from an extruder113. 
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 ls forced by one or more spiral 8a'8WS {not shown) out 
20 through a die 117 having a die orifice. The die orifice fonns 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. 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 ln-
25 vention. The die 117 lndudes a die opening 111 which Is shaped to produce a pair of wiper blades 121, 123 

joined at a mid-section 125 thereof In edge-to-edge relation. 
The die 117 also Includes an adjustable scoring mechanism, such as adjustable blades 127, 121. 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 exlruded elastomer 111 which has been scored at the die 117 ls then passed to 

a curing station. For instance, in the embodiment shown In FIGURE 7, the curing station is a continuous wl­
canizer 141. As will be familiar to those skited In the art, the continuous wlcanlzer141 can employ, for instance, 

35 a liquid 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 4500 F. The viscosity of the salt at operating temperatures will 
be similar to water. 

It will be apparent that Instead ofthe preferred salt bath continuous vulcanlzer 141, any continuous wlca­
nizable method can be used. For instance, the wlcanizlng step can as easly be perfonned by a hot air vui-

"° 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 famliar to those slcilleCI In the art. It ls only nec­
essary that the previously formed and scored curable elastomer be cured such that the material can be divided 
and fonned as subsequenUy 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 soner 147 while the second length 145 ls 

pulled under the same roller 147. The beginning separation can be done by hand with the ends 141, 151 being 
engaged by roller pairs 153, 155 of a puller 157. · 

Preferably, the cont_inuous length of scored elastomer 159 ls_ separated by pulling over nip roller 147 while 
the elastomer is at an elevated temperature above ambient Leaving the extruder 113, the curable elastomer 

so · 111 is typically at a temperature in the range from about 900-1000F. 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 151 would be at an elevated temperature on the order of 3000 
• 450°F. The preferred temperature for the scored elastomer 151 at the separating roller 147 ls In the range 
from about 1000- SOO°F, most preferably about 2000F. The decrease In temperature between the continuous 

55 wlcanlzer 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 I necessary. 

The separate continuous lengths of wiper blade 143, 145 are then cut transversely into Individual wiper-
sized segments 161, 163byaconventionalcutter165. · 



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 mid-section which formerly represented the score line prior to 
aeparation at the nip roller 1.C7. 

·FIGURE 10 shows another embodiment of the extrusion die used In the method of the lriventlon. In this 
a embodiment. the die 187 lndudes blades 189, 191, the blade tips 193 of which are not in contact but are spaced 

. · apart a preselected distance. In this case, however, a preforming means, .Uch as wire 195, extends between 
the bladea 189, 191 to prefonn the mid-section of the extruded. elastomer 197 by weakening the mid-section 
thereof. The blades 189, 191 ant fixed on the die face by means of screw sets 199, 201, with wire 195 being, 
for Instance, tack welded thereon. The prefonnlng means could also comprise, for instance, a KEVLAR blade 

10 ananged between the die blades 181, 191. We foi.lnd that by passing the raw extruded elastomer through the 
die 187 and preforming means 195, the elastomer reunites, or tacks together, lnvnediately 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 ls then passed to a curing station and cured In the manner previously dls-

16 cussed. · 
Afte.r curing, the continuous length of curable el~tomer 197 ls separated Into two separate lengths of wiper 

blade, I.e., lengths 1"3, 145 in FIGURE 7 by aUowing one length 143 to travel over a fDCed 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, 155ofapuller157, as previously discussed. The elastomer 197 separates along the preformed mld-seo-

20 lion 111 Into separate lengths of wiper blade having Improved edge quality. The extrusion process allows a 
continuous length of blade to be fanned at a lower cost than previous molding techniques. 

The fabrication process described in conjunction with FIGURES 10 and 11 ls useful forwlper blades having 
a specific gravity of less than or equal to about 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 fD_ament 195 Is used to preform a 

25 weakened midsection. Instead, the blades are extruded and are passed dlrecUy to the continuous wlcanizer 
141 (FIGURE 7). Thereafter, the blades are separated not by the nip rollers are shown, but by a circular blade. 
As separated, the blades are cut transversely by a conventional cutter 165. 

30 

Examples 

Example 1 

A compound was formulated having three silicone polymer conslibJents, smceous fillers and certain other 
additives, as set forth in Table II below. The slicone polymer constlbJents 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 dimethylvinyt-sDoxy-ended polydiorganosiloxane having 99.8% methyl groups and 
0.2% by weight vinyl groups as percentages of all organic radicals in lhe gum. The viscosity of polymer A is 
controlled to be not less than 5000 centistokes at 25°C. Polymer B was dimethylvinylsiloxy-end8d polydime­
thytsiloxane with a viscosity at or above 500,000 centistok~ at 25°C. Polymers A and B had a molecular weight 

"" of at least one mUtion. Polymer C, a structure control fluid or process aid, consisted of hydroxyl-ended potydi­
methylsDoxane with a viscosity between 5 and 100 cenlistokes and a molecular W.ight 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 I. The wiper blades were extruded according to the process described In 
conjunction with FIGURES 7, 10 and 11. 

so 
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Constituent 
Polymer A 
Polymer B 
Polymer c 
F~ed Silica 
Si lane 

TABLE XX 

cerium Octoate Stabilizer 
Anti-Acid Additive 
Ground Quartz 
2,4-Dichlorobenzoylperoxide 
Piqment 

Speci_fic Gravity • 1. 30 

mm 
75.2 

24.8 

9.9 

54.S 

1.0 

l.6 

l.2 
25.0 

2.8 

0.6 

These wipers were tested on conventional automobBe glass using conventional windshield wiper motors. 
The wipers were engaged to dry windshield glass for one half hour. The wiper system function_ed continuously 
for this one half hour without stalling or tripping of a 7 ampere maximum motor circuit breaker. During this lime, 
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 pennanent distortion after removal of the respeo. 
tlve proof loads In this test. The ann loads were 25 on the left ann and 24.5 on the right ann. The wipers made 
no objectionable squeaking, chattering or other noise during the dry glass test. 

No squeaking, chattering or other noise was encountered during tests on ~t 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 
cnicks appeared in the wipers even after 96 hours under an ozone-rich abnosphera. 

The wipers were also subjected to a pennanent set simulation test after 24 hours at 5000F. Mer this ex­
posure, the elements flipped over appropriately without chatter in each of flVe samples. The elements were also 
tested for chemical resistance to methyl and lsopropyl alcohol by placing them in 50% aqueous solutions of 
these alcohols, and in 100% alcohol baihs, 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·welght change was 0.09%, while 
in 50% isopropyl alcohol, the weight change was 0.04%. After being placed in 100$ methyl and lsopropyl al­
cohol, the weight changes were 1.3 and 1.9%, respectively, weU below the 5% 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 
only to 70°, the tensDe- strength decreased only to 790 psi, and the eiongation 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 ·on 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 190%. 

Examp!e2 

A second fonnulation was mixed and had the constituents shown In Table Ill. 
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Polymer c 
Precipitated Silica 
Fumed Silica 
Ground Quartz 
Si lane 

TABLE III 

cerium Oc:toate Stabilizer 
Anti Acid Additive 
2,4~Dichloro Benzoyl Peroxide 
Piqment 

specific: Gravity • 1.ss 

mm 
55.2 
44.8 
9.1 

35.7 
3.1 

130.3 
0.6 

0.3 

0.6 

3.2 
0.6 

As compared to the formulation of Example 1, a larger amount of polymer B was used and a smaller pol'tion 
of polymer A. yielding a wiper blade of greater flexlbillty. This fonnulation largely replaces the fumed silica 

25 shown in Example 1 with precipitated sRica. The amount of ground quartz was inaeased from 25 to 130 parts 
by weighL This fonnulation was used to exbude 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-described process, except that circu_lar knives were used to effect separation between 

30 each blade pair after curing. 

Example3 

A third fonnulation was made for a multi-bladed wiper having a cross-section substantially as shown In U.S •. 
35 Patent No. 4,473,919 Issued to Fritz, Jr., which patent is incorporated herein by reference. The relative amounts 

by weight of the constituenls are shown in Table IV. 

TABLE IY 
Constituent mm 
Polymer A 70 
Polymer B 30 
Polymer c 6.7 
Fumed Silica 21.l 
Ground Quartz 196.7 
cerium octoate stabilizer 0.3 

50 2,4-Dichlorobenzoylperoxide 2.7 
Piqment 2.7 

Specific: Gravity • 1.65 

55 This fonnulation 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 sunvnary, novel silicone polymer wiper blade compositions and methods of manufacture have been dis­
closed that yield extremely durable wiper blades having good wipe quallty and acceptable coemcients of friction. 



. 10 

WhDe 1he present Invention has been described ·With lhe aid of 1he above ·detaDed description and the ex­
amples, the Invention Is not llmlled thereto bu~ only by the scope and spirit of the appended dairna. 

. . 
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Claim• 

.1. A alllcone windshield wiper blade capable· of Inexpensive manufacture and having good wipe quality, com­
prising: 

about 100 parts by weight of a vulcanizable elastomer Including atleast one silicone polymer; and 
about 75 to 220 parts by weight of a filler dispersed In said elastomer and selected from the group 

consisting of sDiceous materials, calcareous materials and mixtures thereof. 

2. The wiper blade of Claim 1. wherein said silicone polymer Is dimethylvinyfslloxy-ended polydiorganosi­
loxane. 

3. The wiper blade of Claim 1, wherein said organo side groups consist essentially of between 0.1 and 0.3 
weight percent ofvtnyf, and the remainder methyl. · 

4. The wiper blade of Claim 1, wherein said vulcaniiable silicone polymer elastomer comprises: 
a major portion ofdimethylvinylsiloxy-ended polydiorganosHoxane, said polydiorganosiloxane hav­

ing organic side groups consisting of 0.02 to 1 weight percent vinyl and the remainder methyl, and having 
a molecular weight on the order of one million; and . 

a minor portion of dimethylvinylsDoxy-ended polydlmethyfslloxane 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
methylsHoxane having a viscosity in the range of 5 to 100 centlstokes. 

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

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 lhe elastomer, of a sUiceous filler having a particle size of less than 5 microns and selected 
from the group consisting of fumed silica, precipitated silica and mixtures thereof. 

10. The wiper blade of Claim 9, wherein said filler includes from 3 to 55 parts fumed sHlca 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 1 O parts by weight of hydroxyl-ended polydimethylsiloxane having a molecular weight between 
1000and10,000. 

12. The wiper blade of Claim 11, wherein the ratio of parts by weight of small sDlceous particles having diam­
eters of less thao or equal to 5 microns to parts by weight of said hydroxyl-ended polydimelhylslloxane is 
in the 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 ~lier Includes from 0 to 36 parts by weight .of precipitated silica. 

15. The wiper blade of Clalm 1, wherein said filler Includes, relative to 100 parts by weight of the elastomer, 
25 to 200 parts of relatively large sized particles seiected from the group consisting of ground quartz. celite, 
chalk and mlxtul'.88 thereof. 
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18. The wiper blade of Claim 15, wbereln the relatively large sized particles have dlarnetets in the range of 
about 5 to about 30 microns. 

17. The wiper blade of Claim 15, wherein said filler Includes from about 130 to about 200 parts by weight of 
s ground quartz. · 

10 

18. The wiper blade of Claim 1, and further comprising a minor portion of peroxide catalyst selected from the 
group consisting of 2,4-dlchlorobenzoyl peroxide and dicumyl peroxide, said wiper-blade further compris­
ing a minor portion of peroxide Insensitive pigment. 

19. The wiper blade ofCl•lm 1, wherein said wiper blade has a specific gravity in the range of from 1.30 to 
1.65. 

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

15 21. Th~ wiper blade of Claim 1, wherein said wiper blade has a coefficient of friction ranging between 2.2 and 

20 

25 

35 

50 

55 

2.8 g/g wt, when applied to a sheet of conventional automotive windshield glass. 

22. A silicone composition windshield wiper blade having the foUowlng composition: 
about 100 parts by weight of a silicone poly~er elastomer including at least one polydiorganosi­

·1oxane; 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 polydiorganosiloxane. 

23. A silicone composition wiper blade, comprising: 
a vulcanizable sDicone polymer elastomer, a first constituent of said elastomer consisting of a poly­

diorganosloxane having a minor portion of unsaturated side groups and a major pr;vtion of saturated side 
groups, a second constituent of said elastomer consisting of a· polydiorg•nosloxane having essentially 
all saturated side groups, a third constituent consisting of hydroxyl-ended polydiorganoslloxane having 
esientially all saturated side groups; and 

a sRiceous or calcareous filler Including a major portion of siliceous particles 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 gig wt. as applied to standard automotive windshield glass. 

24. A silicone wiper blade, comprising: 
a body, at least 908 by weight of said body con8istlng of wlcanizable polydiorganosioxanes and 

siliceous or calcareous fillers; 
a squeegee blade integrally fonned with said body and projecting therefrom in a first direction, said 

squeegee blade adapted to be defonned 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 foR:e; 
and 

an amount of said siliceous or calcareous fillers selected so as to yield a coefficient of friction of 
about 2.2 to 2.8 gig wt. when said blade is applied to said glass surface. 

25. A wiper blade, comprising: 
about 100 parts by weight of a wlcanizable sRlcone polymer elastomer induding at least one poly­

diorgano-sRoxane; 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, cellte 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 gig wt., yielding a wiper blade having good wipe quality. 


