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LAUN'ERAB E RETROREFLECTIVE APPLIQUE WITH IMPROVED
ETENTION OF RETROREFLECTIVE ELEMENTS

Field of Invention
The present invention relates to novel
retroreflective appliques and articles to which such
appliques have been applied.
10 '
Background
- In order to 1mprove safety of pedestrians,
joggers, workers on roadways, etc., retroreflective
, markings have been attached to clothing. 1In one common
15 embodiment, retroreflectlve appliques comprising a
o monolayer of retroreflectlve elements (e.d.,
transParent mlcrospheres w1th hemispher:’ = reflectors)
partially embedded in a layer of binder material, with
- __adhe51ve backlngs are bonded to articles of clothing.
" '20" 'In other embodlments, the appliques are sewn onto a
o ~substrate, - . .
- A problemmwlth such appllques is that their
' ¢fretroref1ect1ve performance tends to diminish
'unacceptably when the garment tO'WhICh they are applied

 gff'1  .251 -.15'washed. ,After Just a feW'waShlngs, the

BSOLE ;retroreflectlve brlghtness of the applique may be
._'~Treduced to a small fractlon, e. g.; 5 percent or less,

~ of its orlglnal brightness.. This decrease is due to
loss of retroreflectxve elements from the surface of

“L“  7    30    the appllque and/or degradatlon of the retroreflective

.'f"ffelements,_e g.~ corr051on of alumlnum.hemlspherlc

- .1 ref1ectors; durlng washlng.-‘hs a result the visibility
. .. of the appllque 1s reduced thereby 1mpa1r1ng the
  ,safety of the wearer.f, '

;] 9 f  f  3Sf ' :'-,~< The prablem is partlcularly troublesome when

f  jjthe clothlng 1s subjected to 1ndustr1al laundering,
'  , where the condltlons of 1aunder1ng are often more
' severe than conventlonal home launderlng For
1nstance, 1n an 1ndustr1al 1aundry, the laundering

'.  1' »40  condltlons may 1nclude wash temperatures of 40° to 90°C

(105° to 190°F) and pH of 10 to 12. 5, whereas 1n
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contrast, typical conditions for home laundering may
include temperatures of 4° to 60°C (40° to 140°F) and
pH of less than 11. Also, home laundering equipment
typically subjects the articles being cleaned to less
rigorous handling and stress than does industrial
laundry equipment.

In some embodlments,_organosxlane and/or
zircoaluminate coupllng agents have been. used to
improve the adhesion of the binder material to the
retroreflective elements. Illustrative examples of
previously known coupling agents include
vinyltriethoxysilane,

, gammawmethacryloxypropyltrlmethoxys11ane,
. gamma-mercaptOpropyltr1methoxy91lane,

gammamglyc1doxypropy1tr1methoxys1lane,
gamma-amanpropyltrlethoxys11ane,

'.gamma-amlnopropyltr1methoxy51lane, N-beta-(aminoethyl) -
'gamma-amlnopropyltrlmethoxys3.lane, triaminofunctional

trlmethoxy51lane, amino functlonal 21rcoalum1nate,

i.carboxy funct10na1 21rcoalum1nate, and mercapto
':functlonal 21rcoa1um1nate, used szngly or in
__,comblnatlon, Selectlon of'coupllng agent(s) 1s
1 dependent in part upon the blnder'materlal and
- retroref1ect1ve elements used To minimize fading of
  alum1num.ref1ector layers, 1t is typically'preferred

- ’ that am1no~conta1n1ng sxlane coupllng agents be

 javo1ded. iMercaptofunctlonal sxlane coupling agents

_.;  typlca11Y exhlbit a very objectlonable odor. None of

o - ' cond1t1ons.  f”"”

wf1‘ these coupllng agents performs aS'well as desired in
" retroref1ect1ve appllques subjected to industrial wash

sretroreflectlve appllqueS'Whlch can be applied to

f  > fsubstrates such as fabrlcs and garments to impart

.'ﬁretroreflectlve propertles thereto. aAppliques of the
~ invention provide uneXpected durability. Capable of

""]belng applled to fabrlc substrates, appligques of the
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invention exhibit surprising resistance to degradation

when the article is laundered and retain a surprising

degree of retroreflective properties.

In brief summary, a retroreflective applique
of the invention comprises a monolayer of
retroreflective elements partially embedded 1in and
protruding from the front surface of a binder layer and
an optional layer of adhesive, preferably hot melt |
type, on the rear surface of the binder layer. Prior
to application to a substrate, typically fabric such as
a flag or garment, the adhesive layer is optionally
covered with a removable release liner. In some
embodiments, the—-applique is bonded to a substrate with

-~ the optional adheslve, and in other embodiments the

binder layer serves to both secure the retroreflective
elements and to bond the applique to a desired

,substrate. If de51red the appligque can be sewn onto a
'fabrlc substrate.

Appllques of the 1nvent10n differ from those

'avallable before in that the binder layer comprises one

or more flexlble polymers having active hydrogen

»functionalitles such as crosslinked, flexible urethane-

based polymers (e g,_ lsocyanatewcured polyesters or

one oOr two component polyurethanes) and one Or more
' 1socyanate~functlonal 511ane coupllng agents. -

Retroreflectlve appllques of the invention

_ jhave been found to- exhlblt surprlslng retention of
'- “retroreflect1ve brlghtness,'even‘when subjected to
 '1ndustr1a1 laundering conditions. This advantageous

result 1s aChleved through a combination of increased
reslstanae to 1oss of retroreflectlve elements and an

, increased r351stance to degradatlon of the
'retroreflectlve elements, e.d., degradatlon of the
}reflector layera. As a result, articles to which
‘cappllques of he 1nventlon.have'been applied may be

1aundered'many'more tlmes than previously possible

WWhlle Stlll retalnlng desired retroreflectlve

character.
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According to one aspect of the present invention,
there is provided a retroreflective applique wherein the
applique comprises a monolayer of retroreflective elements
partially embedded in and protruding from the front surface
of a binder layer and said binder layer comprises a flexible
polymer having active hydrogen functionalities and one or

more isocyanate-functional silane coupling agents.
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Brief Description of Drawing

The invention will be further explained with
reference to the drawing, whereiln:

Figure 1 is cross-sectional illustration of a
portion of an illustrative embodiment of a
retroreflectlve applique of the invention; and

Figure 2 is cross—-sectional illustration of a
portion of another 111ustrat1ve embodiment of a
retroreflective applique of the invention bonded to a

substrate. | i | x”'

a"..‘ .

These flgures,'whlch are idealized, are not to

"scale and are 1ntended to be'merely illustrative and
;nonwllmltlng. ’

Llust ative Embodiments
_ Reference ls'made to Figure 1 wherein is shown

’.an 1llustrat1ve embodlment of retroreflectlve applique

'f 10 of the 1nventlon.- Appllque 10 comprises a‘monolayer

 of retroreflectlve elemente 12 partlally embedded in
and protruding from.front eurface 14 of binder layer
16, Dlsposed on rear surface 18 of binder layer 16 1is

'-_|e'  opt1ona1 adhe31ve layer 20._ Appllque 10 1is shown with

' optional release 11ner 22 which covers the eXP°Sed

uee'j*;fsurface of adhe51ve 1ayer 20._ o apply appligue 10 to
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substrate such as a.fabrlc (not shown), release 11ner

'ch¢22 ls flrst removed. Appllque 10 is shown'W1th

.  7opt1ona1 temporary carrler 8 compr131ng paper sheet 4

. : and polymer llnlng 6 .o e - |

fﬂfﬁﬁff}f3d]foeubstrate 30, e. g,, an artlcle of clothing such as a

e'”fe Jacket or'vest.l

Flgure 2 shOWS'retroreflective appllque 10 on

. -
. N ‘
. '
. .
.

In brlef summary, a typlcal'method of maklng

M e.;ei app11ques of the lnventlon comprlses arranging

?7"ffffretroreflect1ve elements in ‘desired monolayer

e T R
SR '7e[portions of the retroreflectlve elements presented away

’arrangement on a temporary carrler'WLth the rear

"'f¥f  from the carrler, formlng a blnder layer over the rear

’"ffportlons of the retroreflectlve elements, and applylng
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an optional adhesive layer on the back side of the

binder layer.
The most typical form of retroreflective

elements 12 will be spherical microspheres 24 having
reflectors 26 on the back sides thereof as shown in

Figure 1. As known to those skilled in the art, one
method for assembling a monolayer of such

retroreflective elements is to cascade microspheres
onto temporary carrier 8 which secures microspheres 24

in desired arrangement temporarily. For instance,
microspheres 24 can be partially embedded in heat
softenable polymer layer 6 on paper sheet 4. Some
examples of useful polymer coatings include polyvinyl
cthride, pblysulfOnes, polyalkylenes such as
polyethylene, polypropylene, and polybutylene,
polyesters such as polyethylene terephthalate, and the

like. Upon cooling, polymer layer 6 retalins
ﬁmicrospheres 24 in desired arrangement. Depending in
part upon the characterlstlcs of carrier 8 and elements
12, 1t‘may be desired to condition carrier 8 and/or

elements 12 to achleve de51red release properties. For

,.1nstance, selected release agents or adhesion promoters

may be used. | .
- ichrospheres 24 are typically preferably

'packed as closely aS'p0551ble, ideally in their closest

,.hexagonal arrangement ‘to achieve greater
' 'retroref1ective brlghtness andfmay be so arranged by
- any convenlent appllque process, such as printing,

°jscreen1ng, cascadlng, or with a hot can roll.

30

Transparent'mlcrospheres havzng reflectors on

fwthe rear surfaces thereof as shown in Figure 1
'typlcally prOV1de satlsfactory 1evels of

retroreflectlve brlghtness over a wide range of

'ulncldence angles, i.e., the angles at which the light

Mstrlkes the sheetlng, a property sometimes referred to

' as "angularlty""'

If transparent'mlcrospheres are used, the

‘mlcrospheres are preferably substantially spherical 1in
shape in order to provide the‘most uniform and
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efficient retroreflection. Furthermore,; the
microspheres are preferably substantially transparent
so as to minimize the amount of light absorbed by the
‘mlcrospheres and thereby optimize the amount of light
which is retroreflected by sheetings of the invention.
The microspheres are typlcally substantially colorless,
but, may be colored to produce special effects 1if
desired. . D , «F

Microspheres used herein may be made from

;glass or synthetlc resin haV1ng the optical properties
- and phy51cal characterlstlcs taught herein. Glass

"mlcrospheres are typlcally preferred because they

'typlcally cost less,iare harder, and exhibit superior
'-'durablllty tO'mlcrospheres made of synthetic resins.

' Mlcrospheres used in the present invention

. .Wlll typlcaliy have an average dlameter of. between
;7about 30 and about 200'mlcronsu Microspheres which are
. smaller than this range may tend to provide- lower

 *77  j1eve1s of retroreflectlon because of diffraction

._2°‘ ;“effectS,.whereas mlcrospheres larger than this range

AT .ffemay tend to 1mpart unde51rab1y rough texture to the
j]fae '_rrabafappl1que or unde51rab1y reduce the flelelllty thereof.
'f[ffbra5fedu“Mlcrospheres used 1n the present 1nventlon'W1ll

-,ff;  l[typ1cally have a refractlve 1ndex of between about 1.7
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rjand about 2 0 the range typlcally consmdered to -be

-..}‘ffkguseful 1n‘mlcrosphere~based retroreflectlve products

E e O
e '“"r:jfof the 1nventlon have reflectors on the rear surfaces

v o

-f f5[thereof. Typlcally, such reflectors are applled to the

fﬂfﬁff;fdf}j?jwhere, as here, the front surfaces of thetmlcrospheres
ffim”“ﬁf7ﬁfﬁﬁﬂare eXposed or a1r-1nc1dent. '

.A51mentloned above, mlcrosphere-based

afretroreflectlve elements of retroreflectlve appllques

fffd*fe7a777[frear surfaces of the'mlcrospheres after the

*ﬁb<*d7e¢7mlcrospheres have been.partlally embedded in the

tcarrler, thereby fac111tat1ng the arrangement of the

'?(f bretroref1ect1on.d Furthermore,'as is known, the size of

.["~bfrrrefleCt°rs' ice., how much of the surface of the

i  ey m1crosphereswh1ch 1s covered ‘may be controlled in
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part by controlling the depth intoc the carrier to which
the microspheres are embedded prior to application of
the reflectors thereto.

among the variety of materials which may be
used as reflectors are vacuum-deposited or vapor-coated
metal coatings, such as aluminum or silver; '
chemically-deposited metal coatings, such as sllver;
metal-coated plastic films; metal flakes; such as
aluminum or silver; and dielectric coatings. Aluminum
or silver coatings are typically preferred, because
they tend to prOV1de the highest retroreflective
brightness. The reflectlve color of silver coatings 1is

typically preferred +o that of aluminum coatings, but

an alumlnum.vapor coat is normally more preferred,
because silver reflective coatings typically suffer

more severe degradation in outdoor exposure than do

alum;numcoatlngs.‘ vy.S8. Patent No. 3,700,305 (Bingham)
discloses dielectric mirrors or coatings that may be

‘used as reflectors 1n retroreflective articles of the
.'1nvent10n. -

An advantage of dielectric reflectors is that
appllunS‘made W1th'mlcrospheres having such reflectors

.may be ea31ly made in a variety of bright colors. Such

reflectors are typlcally subject to degradatlon undexr

 ;]1aunder1ng condltlons, partlcularly industrial -

~launder1ng condltlons, and are accordingly used on

articles destlned for home laundering. Aluminum and
  511ver reflectors typlcally QXhlblt substantially
]fgreater durabllity under industrial laundering
'fcondltlons, but alumlnum.reflectors often tend to

| ,1mpart a gray color to the applique under amblent

,.condltlons.

FolloW1ng arrangement of reflective elements

112, a compOSLtlon forming binder layer 16 is applied
fthereover. Blnder layer 16 is typically between about
" 50 and about 250 microns (2 and 10 mils) thick over the

.embedded portlon of retroreflectlve elements 12, with
thicknesses of between about 75 and about 100 microns

(3 and.4'mlls)_typlcally being preferred. It will be
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understood that binder layers having thicknesses
outside these ranges may be used. However, if binder
layer 16 is too thin, it will not provide sufficient
support to retroreflective elements 12 which may be
5 readily dislodged,'whereas 1ncrea51ng the thickness of
binder layver 16 leads to increased cost for applique 10
as greater amounts of the binder material are requlred.
Furthermore, at greater thicknesses the flexibility of
appllque 10 typlcally tends to decrease.
10 , Blnder layer 16 may con51st essentially of one
_'ormore blnder materlals and one Or more coupllng
agents as dlscussed hereln. |
- Illustratlve examples of suitable binder
- .,ﬁ mater1a1s 1nc1ude 1socyanate~curab1e polyesters such as
15 'copolyester resxns sold in the VITELT™ series by
o  Goodyear Tlre ‘and Rubber Company and polyester resins
.' 1501d 1n.the BOSTIKIM:serles by Emhart COrporatlon.
. ]Su1tab1e blnder materlals also include such polyols as
. 'e,_,'f po1ytetramethylene oxlde glycol, polyester polyol
R -'20' .,hydroxy~term1nated polybutadlene, polycaprolactone
 ,  *po1yo1 polybutylene.oxlde glycol, and polypropylene
 "  fox1de glycol. , thers xllustratlve examples include the
‘egT _ al1phat1c and aromatlc polylsocyanates sold in the
: 5-'fDE:S!-‘IODUR'H"'I and IJIONDUR'IMj ser ies by Mobay Company.

'.;eee4 *  25 M ;;3eL;_ Blnder 1ayer 16 further comprlses one O more

nnnnn

e retroreflect1ve elements or to the blnder layer prlor
'77to its- appllcatlon.to the elements or'may be
.,e 1ncorporated dlrectly lnto the blnder composztlon.
)tfe eApp11cat1on to the elements prOV1des the advantage of

jffie [j] ;3S_' u81ng 1esser quantltles of coupllng agent, which in

some 1nstances is: relatlvely eXpen51ve,'Whereas
1ncorporatlon lnto the blnder comp051tlon provides the

advantage of elxmlnatlng a separate appllcatlon.process
durlng fabrlcatlon of the retroreflectlve applique.
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Typically, an amount of isocyanate-functional
coupling agent(s) 1in stoichiometric excess to the
active hydrogen-containing binder material(s) is used.
Generally, the higher the molecular weight of the

5 coupling agent(s) employed, the greater amount of such
agents required in order to attain the desired excess
of isocyanate groups for linkage with the binder
material. Typlcally, binder layer 16 will contain up
to about 10 welght percent, and preferably between

10  about 0.1 and about 7 weight percent, of coupling
agent. If too little coupling agent is used, the
resultant appllque may, depending upon the
characteristics of the binder material, tend to undergo
undesirable loss of retroreflectlve elements. If too

15 *much coupllng agent is used it may in some 1lnstances
lmpalr the phy51cal propertles of the blnder layer,
e. g., cause the blnder layer to swell. Also, the

_,coupllng agents are typlcally relatively expensive as
N -_compared to the other components of the appligues.
: 20,',f,’_--7 " As mentloned above, appllques of the invention
o .Tmay be sewn onto substrates if desired. 1In sone
.  appl1cat1ons, however, 1t is desired to secure the
] app11que to the substrate by adhesive. Accordingly, in
_  ,  some embodimente, appllques of the invention will have
25  an adhesive 1ayer on the back side of the binder-layer.
 “,1' The adhe51ve is selected to provided suitable adhesion
"]I  « fpropert1es of the blnder layer and the intended
‘   substrate, preferably taklng 1nto account the
'~ fcond1t1ons tO'Wh1Ch the appllque and substrate‘WLll be

' --1’j 30f ..subjected e.g., hlgh'humldlty, low temperature, etc.

~ In some embodlments, the adhe51ve layer may be a layer
B Jof the same comp051tlon used to form the binder layer
'- wh1ch.1s not fully cured until the applique 1is
| "_fcontacted to a substrate., Preferably the binder layer
| 35ff  1s suff1c1ently cured prlor to appllcatlon of such an
'-;_addltlonal 1ayer and/or application to a substrate to

_-facilltate handllng of the applique and ensure
‘~.retentlon of the retroreflectlve elements.

'.Alternatlvely, the adhe51ve layer may be of a different

]
P e L Y & & [ o ~ . - w . e g 3 T ¥ H . -~ . - . - . ——_
P o e T o at ot S ae WS P g - Bt w P Ll Ao SR “M*WAKWW‘S?H%&M@%A }33‘ :'.' 'Eﬂ‘?‘?';} ‘&QHJ{{“:;@:,{
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composition. If desired, pressure-sensitive adhesives
or activated adhesives (e.g., heat-activated,
ultraviolet-activated) may be used. For instance, an
iron-on applique may be provided by using a layer of
suitably melting thermoplastic material.

Binder layer 16 may eigé contain one or more
optional additives such as colorants (e.g., pigments,
dyes, metal flakes), fillers, stabilizers (e.g.,
thermal stabilizers and antioxidants such as hindered
phenols and light stabilizers such as hindered amines
or ultraviolet stabilizers), flame retardants, and flow
modifiers (e.g., surfactants such as fluorOpolymer
8111cones) , Preferably the addltlves are resistant to

..degradatlon or leachlng out of the binder layer during
laundering. ' '

The binder layer typically contains colorant
(e.qg., plgmente or dyes) to camouflage discoloration of

"1the blnder materlal and/or impart desired ambient color
~¢_'appearance to the appllque. Typlcally a black colorant
.'15 preferred because it provldes the most effective
 ",camouflage of dlscoloration of the binder material. An
~app11que comprlslng macrosphereS'with aluminum
.‘“°reflectore as retroreflectlve elements and black
  *]001orant Wlll typlcally exhibit a pleasing silver
__ appearance.. Preferred colorants for appliques with
fe-‘reflectlve elements haV1ng alumlnum.reflector layers
;  are black dyes, e q., metal-azo dyes such as
. ’}chromlumrazo dyes., The blnder layer typlcally contains

”'5   between about 0.01 and about 2.0 welght percent,

epreferably between abeut 0 1 and about 0.5 weight
fig;percent of dye. ..

ﬂ_35followingillustrativeexamples-which are intended to

7[  be nonwllmltlng. ‘Unless otherwvise indicated, all

"' i amounts are expressed in parts by weight.

Unless otherW1se 1nd1cated the following test

.-@fmethods were used.,
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After lamination to a fabric, the temporary
carrier was stripped from the front of the subject
appligque to reveal the silver colored retroreflective
surface, retroreflective brightness was measured using
a retroluminometer as described in U.S. defensive
publication T987,003 at divergence angles of about 0. 2°
and entrances angles_of about -4°.

Launderability of appliques was evaluated by
washing a piece of fabric to which the subject applique
had been applied for the indicated number of cycles in

, a.COmmercial.Milnor System 7 Washing Machine Model

30015M4G from'Pellerin Minor Corp. using program no. 7
for heav11y somled colored fabric with the indicated

'-detergent.~ Each cycle was about 1 hour in length. The
 washer'was loaded‘W1th from one to four pieces of

~ fabric (about 2 feet by 3 feet (0.6 meters by 0. 9

20

 meters) in 51ze) haV1ng several (typically ten or more)
 " app11ques of the inventlon ‘about 2.5 by 15 centimeters
’5":(1 by 6 lnches) 1n 81ze sewn or bonded thereto and used
’about 68 llters (18 gallons) of water at 74°C (166°F)
'jVUnless otherW1se indicated, the cleaning agents used
- were 30 grams of FACTORnM Detergent (from Fabrilife

. 'Chemicals;'Inc.contalnlng tetrasodlum.pyrophosphate,

'fo-}ginanylpheno Vpoly(ethyleneoxy)ethanol, sodium carbonate,

v . . . "
AT * . . . . . .
, - = N . ., .
L -- .. . . « * . " ' . -
. 3 r 9 1] . . .
' . ; . . .
. ' . .. . . . X .
. ' -~ . . . .. . . . . K . . =
. . ~ - o . ..
- ’ . . N . .
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] - 0 . . *
- .
. .
N . ' ' .. '
'
! : .‘l N . - - .
' . . s .
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. . . . - . - . . .
. “ . .
. . ’ .
e .
. . - . .
. .
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0

and 5111ca, and 90 grams ‘of ULTRASItUM (a pH bulilkder

'“7]”fromPennwalt Corp.-belleved to contain 40'we19ht

/- percent NaOH and 60 welght percent sodium
' 'metas111cates) The retroreflectlve brlghtness of the

e f7"   “m1dd1e of each sample.was determined.perlodlcally. The

[ . o . e . . . .
- : e . .. . .
' . 2=, = . . . . .
. s 1 o * .
0 . . . .

0 . . . .
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Pan e » . . . . K
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- . . .
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efresulte are expressed below as the,percentage of its
,?_71n1t1al retroreflectlve brlqhtness the sample retalned
:"~ after the 1nd1cated number of'wash cycles.

LRI T T    eExam§eée; d onuarat ve xam-le A

GlaSS'microspheres haV1ng an average diameter

_,_   of about 40 to 90 mlcronS'were partially embedded into

. a temporary carrier sheet and aluminum specular

R  ref1ect1ve layers applled to the exposed portions of

-”the mlcrospheres to yleld retroreflectlve elements.

.........
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A binder composition comprising:
Amnount Component

100 Blnder‘Materlal - 50 weight percent solids
solution 1n'methy1 ethyl ketone/tocluene
5  (1:1 weight ratio) of vITEL™ VPE-5545, 2
' linear saturated polyester from Goodyear;
2.4 Binder Material - MONDURTM CB75, a 75

weight percent sqlzds solution in ethyl
acetate of an aromatic polyisocyanate based

10 | on adduct of toluene diisocyanate, from
Mobay Chemical Company,
2.0 Coupling Agent - UNION cARBIDE™ v9030, a
gammaulsocyanatoprOpyltrlethoxys11ane, and
0. 2 - Catalyst - dibutyltindilaurate;
15  was coated over the retroreflective elements to a wet

thickness of about 175'm1crons (7 mils) and dried at
about 66°C (150°F) for 5 minutes then at 107°C (225°F)
,.'for another 5 minutes to yleld a binder layer. AN
' ffadd1t1ona1 layer of the same comp091tlon‘was then

20 appllad to a‘wet thlckneas of about 200 microns (8
. ”mils) to act as an adhe51ve layer.

D _ The resultant retroreflectxve applique,
,  ], ]} jreferred to as Example 1, was then wet laminated to a
' .'7 gpo1yester fabrlc (S~551~060 fromﬁmllllken & Company, &

253 11 Qunce/yard2 (105 g/m ) textlle pclyester) ans the .

‘\- 77j.construct1on drled and cured at 66°c (150°F) for 5
'. ”‘ 4f* m1nutes and then at 107°C (225°F) for S'mlnutes,

' ,   ‘7 1 ” In Comparatlve Example.ﬁ, an appllque was made
*9 *as 1n Example 1, except z'parts of‘UNION C&RBIDE“M

? ]¢fi} " 3Ojf 7Y9492, an- amlnomfunctional silane, was used instead of

_;  the 1socyanate~functlonal coupling agent and the amount
| ' fof cB?s was 1ncreased to ‘4.3 parts to accommodate the
-.;][  act1ve hydrogen 1n the substltute GOUPllng agent.
RERTRNRLE The appllques of Experlment 1 and Comparative

‘fj .f   ﬁ35?.;,Exper1ment.A had 1n1t1a1 retroreflectlve brightnesses

~ in candelas per square meter per lux (“cpl™) of about
' - _'600 and 590, respectlvely The launderablllty results
740bta1ned are tabulated 1n Table I:
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Czc les 535 i EX » A
0 100 100
5 67 71

5 | - 10 46 13

15 38 3
20 35 2
, 25 33 <2
10 ';After.s to 10 washes, the samples of
' - Comparative Experiment Awere.observed to have
undergone slightly more loss of microspheres, and much
more severe corr051on of vapor coat, than had the
._samples from Example 1. '
15 o These results 1llustrate the superlor
' ' launderabllxty of retroreflectlve appliques of the
'1nventlon as compared to convent10na1 appllques
~conta1n1ng canventlonal coupling agents.

- ' 20 . ‘ _1_,1 n a at Ve . . :’-." LE f""
' T In Example 2, an appllque‘waS'made as 1in

 ?I j“ 1',l  Examp1e 1, except ituwas addltlonally cured at 107°C

1   ;(225°F) for 40'm1nutes followlng the'wet 1am1nat10n to
”"- f the polyester fabric and drylng and curlng In

“” ';'? 25 '1wComparat1ve Example B; an appllque‘was made as in

- Example 2 except 2 parts of DOW. CORNING™ z6040, an

'V{f ,;'3) ]. fepoxy~funct1onal sllane,'was used as the coupllng

-~ L * . . . : o - - ’
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The applxques 1n‘Example 2 and cdmparatlve .

ffﬁﬂf    36 f9 Examp1e B had initlal retroreflactlve brightnesses in
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-   cande1as per square‘mater per lux ("cpl“) of about 600 
'   ; and 608, respect1ve1y¢  The 1aunderabllity results
g  f3Ptabulated 1n Table II were obtained°-w“g '
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Example 3 And Comparative Example C
To make Example 3 a monolayer of
retroreflective elements was prepared as in Example 1.A
binder composition comprising: . .
5 Amount - Component "
150 Blnderlnaterlal -’ 50 weight percent solids

solution in'methyl ethyl ketone/toluene
nixture (1:1 weight ratio) of'VITELﬁM VPE-

5545;
10 62.5 Binder Material - 40 welght percent solids
" solution in methyl ethyl ketone oi polyol
'based'on polytetramethylene oxide having
. -hydroxy equivalent welght of 3000;
o - 4.0 ~jCoup11ng agent - Y9030,
15 4.5 ' Blnder‘Materlal - MONDUR™ CB75; and
‘ , 0.02 | Catalyst~m dibutyltindilaurate;
' was coated over the alumlnummcoated'mlcrospheres to a

 '“wet thlckness of about 175 mlcrons (7 mils) and dried
'at 66°c (150°F) for S'mlnutes then at 107°C (225°F) for

S 20' '.5 mlnutes to yleld the blnder layer. An additional

 4 1ayer of the same comp051tlon was then coated at a wet

,  *thickness of about 200‘m1crons (8 mils). The

' ‘-constructlon‘waS'wet 1am1nated to a polyester fabric
.like that used 1n Example 1 and dried and cured at 66°C

'7“ ”  “i25 “ j(150°F) for S'mlnutes and at 107°C (225°F) for 5 -

.5.Jm1nutes. LIRS A SRS .
._  -¢3~. In Comparatlve Example c, an appllque‘waS'made
. as in Example 3 except DOW CORNING“M 26040, an epoxy-
S   ’ funct1onal szlane, was used as the coupllng agent.

” Vu. >- j30_' The applmques in Example 3 and cOmparatxve Example C

‘had 1n1t1a1 retroreflectlve brlghtnesses (in cpl) of
about 594 and 582 respectlvely The launderability

results tabulated 1n Table xII‘were obtalned

_?"'

40
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Examples 4 And 5 And Comparative Example D

To make Example 4 a binder composition

comprising:

Amount Component
100 . Binder Material - 50 weight percent solids

solution in methyl ethyl ketone/toluene
nixture (1:1 weight ratio) of VITEL™ vpE-

5545;
2.0 Coupling Agent - Y¥Y3030;
2.4 Binder Material - MONDUR™M cB75;
0.2 Catalyst - dibutylitindilaurate;
0.05 Colorant'm'ZAPON“M'Black X50, a chromium-

azo dye from BASY;

mils) and drled as in ‘Example 1 to yvield a binder
1ayer. ‘An addltlonal layer of the same composition was
coated to a wet thickness of about 200 microns (8 mils)

. to act as an adhesive. The construction was then wet

20

'-lamlnated to a polyester fabrlc and dried and cured

o thereon as in Example 3.

Example 5 was the same construction except the

'~ amounts of coupling agent and CB75 were 1 and 3.6

' ' .'Retrereflectlve Fabrlc from.Unitlka sparklite Company
._ wh1ch ls belleved to comprlse a'monolayer of aluminum-

partb,.respectlvely.- . S
: Comparatlve Example D'was a piece of MR-801

'yg;coated‘mlcrospheres 1n a urethanembased binder

~ u ,¢,_. '7ff mater1a1.,.

- The appllques in Examples 4 and 5 and
COmparative Example.D had initlal retroreflectlve

  fbr1ghtnesses (1n cpl) of about 570, 584 and 671,

"~,respect1ve1y.,, The launderablllty results tabulated in
p T _ ."Table Ivfwere obtalned°"

. Table IV
-ﬁ ggg1es. . Ex. 4 Ex. 5 Ex.D
o 100 100 100
70 71 72 45

20 56 56 27
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-16~
30 48 45 15
40 41 39 8
50 40, 35 3
5 60 38 33 1
70 ¢33 27 <1
80 32 27 <1
90 31 26 <1
1.0 100 , 26 22 <1

xam-le 6. And “omparat] ve Example ]
o To make Example 6 a binder composition as
"descrlbed in Example 4 was coated over a layer of
- 15 alumlnumvcoated'mlcrospheres to a'wet thickness of
- about 200 microns (B'mlls) and 1eft at room temperature
for S‘mlnutes to permlt some of the solvent to
'evaporate, leaV1ng the surface somewhat tacky. The
_ . "constructlon'was then 1mmed1ately laminated to a
- 20 ,,1polyester fabrlc as descrlbed in Example 1 and dried as
in Example 4. ' A
o "“f- In Comparatlve Example E, a binder composition
comprlslng,_v ' '

.fBlnder materlal - 32.5'we1ght percent-
H__ V sol1ds solutlon 1n'methyl ethyl ketone of
.'" . fthermosett1ng phenollc re51n (formaldehyde
  f '¢j pheno1 condansate, nitrlla rubber, and .
-  " -fp1astic1zer (dlectyl phthalate) in 5:3.3:1

;ﬂQ*j'-Q[“30' ij l ff-  , f we1ght ratlo,

- "”1{8  ”MCoup11ngAgent - UNION CARBIDEﬂM 2189, a
,J73  V,gamma~'mercaptopropyltrlmethoxys1lane, :
' 0'5 carbon black dlsper51cn, and
2 0 tltanlum dlox1de dlSp&tSlon,

f  f V » '35 ” ”was coated over a layer of alumlnum~coated*mlcrospheres

- _ dt a'wet thlckness of about 175'mlcrons (7 mils) and
 "}V f then drled and cured at 66°C (150°F) for 10 minutes
~ then at 93°C (200°F) for 5 mlnutes to yleld the blnder

 ‘ flayer..
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An adhesive comprising 100 parts of a BOSTIKM

7660, 30 weight percent solution in methyl ethyl ketone
of polyester diol from Emhart Corporation, and 4 parts
of BOSCODUREM;NO. 22, a 66 weight percent solids
solution of polyisocyanate from Emhart Corporation was
coated over the binder layer to a wet thickness of
about 225 mlcrons (9 mils). The applique was then
laminated to a piece of PRIMALUXEM Fabric, an 80/20

blend of polyester and combed cotton, basis weight of 3

c:mrxces/yam@:d2 ( 102 g/m ) from Spra.ngs Industries, Inc.,

and the constructlon drled and cured at 66°C (150°F)

".-~for S'mlnutes and 104°C (220°F) for 10 minutes.

15
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‘The samples of appliques in Examples 4 and 6

 'and Comparatlve Example E used here had initial
"retroreflectlve brightnesses (1n cpl) of about 587,
.591,_and 579, respectlvely The variation in initial
- brightness between,the Example 4 sample used here and
~ that used above is Wlthln the ‘variation routinely
St e j_ observed in thlS type of product. The cleaning agents
o200
L ' ° [‘ concentrate contalnlng petroleum,dlstlllates and

._2_._; ___fsurfactant from'Atochem Company, and 180 grams of
.5 ;:ﬂ   .,   ULTRASIL;M: The 1aunderability results tabulated in
.~ rable V were obtained:

used'were 180 grams of POLYSOﬁnM, a cleaning

 mmev

39

28

25
24
20

<l
<1l
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Example 7
An appligue was made as described in Example 1

except after formation of +he binder layer the second
layer of materlal used as an adhesive layer was not

5 applied. Instead, a layer of thermoplastic
polyurethane fllm.was applled to the binder layer to

yield an adhesive 1ayer.
The resultant retroreflectlve applique was

. applled to a polyester/cotton fabric (65/35 blend) and
;10 '~ heat laminated at 190°C (375°F) for 10 seconds in a HIX

- 'HT-4oo Lamlnator._ .
The appllque had an 1n1t1al retroreflective

. '-.'brightness of about 524 cpl., The cleaning agents used
 were 30 grams of FACTORmM Detergent and 60 grams of
15 ULTRASILiM: The.launderablllty results tabulated in

.Table VI'were obtalned. |
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CLAIMS:

1. A retroreflective applique wherein the appligue
comprises a monolayer of retroreflective elements partially
embedded in and protruding from the front surface of a
binder layer and said binder layer comprises a flexible
polymer having active hydrogen functionalities and one or

more 1socyanate-functional silane coupling agents.

2. The applique of claim 1, wherein said binder layer
comprises at least one polymer selected from polyisocyanate-
cured polyester, one component polyurethane, and two

component polyurethane.

3. The applique of claim 1, wherein said coupling

agent 1s gamma-isocyanatopropyltriethoxysilane.

4 . The applique of any one of claims 1 to 3, wherein
sald binder layer comprises between about 0.1 and about 10

welight percent of said coupling agent.

5. The applique of any one of claims 1 to 3, wherein
sald binder layer comprises between about 0.1 and about 7

welight percent of said coupling agent.

6. The applique of any one of claims 1 to 3, wherein
sald binder layer comprises between about 0.5 and about 4

welght percent of said coupling agent.

7. The applique of any one of claims 1 to 6, wherein
sald binder layer comprises at least one of a filler, a
colorant, a stabilizer, a flame retardant, and a flow

modifier.

8. The applique of any one of claims 1 to 7, wherein
said binder layer is between about 50 and about 250 microns

thick.
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9. The applique of any one of claims 1 to 7, wherein

said binder layer 1s between about 75 and about 100 microns

thick.

10. The applique of any one of c¢laims 1 to 9, wherein
the appligque comprises a piece of fabric which 1s secured to

the back of said binder layer.

11. The appligque of any one of claims 1 to 10, wherein
the applique comprises a layer of adhesive on the rear
surface of said binder layer and said adhesive 1s selected

from an activated adhesive and a pressure-sensitive

adhesive.

12. The applique of any one of claims 1 to 11, wherein
salid retroreflective elements comprise microspheres with
hemispheric reflectors thereon and said reflectors comprise

one of vapor-coated aluminum and dielectric vapor coats.

13. An article of clothing with an applique of any one

of claims 1 to 13 attached thereto.
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