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RETRORDLECTIVE APPUQUE 

This invention pstlins to a retroniJective applique that can be fbrnished to 1 

garment assembler without a carrier and without a releue liner. 

5 llelroreftectiv appliqua have the ability to return I subilanlial portion Of 

incident light blCk towards the lght source. This unique ability bas promoted 

widespread use of retroreflective appliques on clothina. Penons who work or exercise 

near motor vehicle traftic need to be conspicuoualy 'Yisl"ble so that they do not get 

struck by passing motor vehicles. When placed on clothing, the retroretlective 

IO appliques highlight a person's presence by retroretlecting lisht &om motor vehicle 

headlamps. 

A retroreflective appDque typically comprises an optical lens element layer, a 

polymeric binder layer, and a reflective layer. The optical lens elements commonly an 

microspheres that are partially embedded in the polymeric binder layer. The reflective 

IS layer typically comprises aluminum, silver, or a dielectric mirror that usually is 

disposed on the embedded ponions of the microspheres. Light striking the fi'ont 

swtace of the retroreflective applique passes through the microspheres and is re8ected 

by the reflective layer to re-enter the microspherea where the llght's direction is then 

altered to travel back towards the light source. 

20 lletroreflective appliques have been made by partially embedding a microsphere 

layer in a thermoplastic carrier web, applying a reflective material over the 

microspheres' protruding portions, and then forming a binder layer over the coated 

microspheres. Often a pressure-sensitive adhesive is applied on the binder layer's back 

surface, and a release liner is placed over the adhesive until the applique is secured to a 

25 substrate. The completed applique (also referred to as a transfer sheet) is supplied to a 

pnnent assembler in this form, and the garment assembler secures the applique to an 

article of clothing by removing the release liner and adhering the applique to an outer 

surface of the article or clothing. The carrier is then separated ftom the applique to 

expose the microspheres so that the applique can retroreflect light. Although known 
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retroreftective appliques demomtnte wry pod n=trore8ective performance and are 

very efrecdve in bisblishtina I wmWI presence wben lisht strikes the clothing at 

mpttime, the known appliquel poueu m clrawblc:b. 

A fint drawback ii that the applique requires use of a carrier web that becomes 

clilCll'Cled • Wllte by the prment lllmlbler. 1he canier web ii not separated from 

the applique before the manu6ctunll' supplies the applique to the prment assembler 

because the applique is not yet secured to a aubstnte. If the applique wu separated 

ftom the canier beforehand, the applique's binder layer and the reflective layer can 

become irreversibly stretchld when the carrier is pulled away ttom the applique. This 

irreversible atretching can hann the applique's rctroreflective performance. 

A second drawback is that when the applique is secured to the substrate with 

heat, residual curler web material can remain on the exposed surface of the 

microspheres, causing a reduction in retroretlective perfonnance. Also, the 

thermoplastic carrier Omits the quantity of beet that can be applied to the applique 

IS because, if' too much heat is applied to the carrier, the curler cen stick to the 

microspheres and can become very diflicult to remove. Limiting the heat supplied to 

the applique can C1U1e a poor bond between the applique and the substrate. 

Another drawback is that known transfer sheets ere supplied to the garment 

assembler with a release liner that, like the carrier web, also becomes discarcled u 

20 waste. or course, it is not beneficial fi'om en economic or environmentel standpoint to 

discard the release liner or the carrier web u waste. 

The present invention provides a retroretlective applique that can be supplied 

to a garment assembler or others without a carrier web and without a release liner. 

The carrier web can be separated from the microspheres before the applique is secured 

25 to a aubstrate, allowing the carrier web to be recycled by the manufacturer and 

allowing more heat to be applied when heat laminating the applique to a substrate. 

The applique also eliminates the need for a release liner and therefore tbrther reduces 

waste. 

In brief summary, the retroreflective applique of the invention comprises: 
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(a) a IUpporting ltnlCblre having tint and second maJor surfaces llld 
containing a non-lllmentlry layer of an acrylic polymer. the seconcl major surface 
being caplble ofl&:dna u .~ ldhlliw; 

(b) a laJer of opliCll Ima el=nmta having a fint portion protnlding &om the 
first major surface of the suppordDg stnacture IDd having a seconcl portion embedded 

in tbe layer oftbe aaylic polymer; and 

(c) a reflective material dispoled behind the second portion of the layer of 

optical lens elements. 

The present invention also provides I method of making I retroreftective 
10 applique, which comprises the steps of 

(a) supporting a first portion of a layer of optical lens elements in a carrier 
web such that a seconcl portion of the layer of optical lens elements protrudes &om the 

carrier web; 

(b) applying a coating of a retlective material on the second ponion of the 

15 layer of optical lens elements; 

(c) forming over the second portion of the optical lens elements after the 
reflective material has been applied a supporting strueture that includes a non­

filamenlary ~lie polymer layer, the supporting structure being capable of acting as a 

heat activatable adhesive and the second portion of the optical lens clements being 
20 embedded in the acrylic poi,_. layer; and 

(cl) llCp8l'81ing the carrier web &om the supporting structure to expose the first 

portion of the optical lens e1ements to produce the self-supported exposed lens 

retroretlective applique, the separation occurring before the retroreflective applique' s 
supporting structure is secured to a substrate. 

2S The applique of the invention difrers trom known appliques in that the optical 

lens elements are supported by a polymeric supporting structure that contains a non­
filamentary acrylic polymer. layer and that is capable of acting as a heat-activatable 

adhesive. The use of such a supporting structure enables the carrier web to be 

separated &om the polymeric aapporting structure before the applique is permanently 
30 secured to a substrate. This leplntion step can be accomplished without causing 
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IU1tltlntial dllnap to the mrore8ective pmfonnance of the applique. The ability to 

.,.._ tbe CIDier' web hm the appJique before the latter ii leCUNcl to a substrate 

., ii bene&cial becau• it dowa ............... to be Uled in securins the 

applique to a IUbltrate. &Per tempeatures allow a atronpr bond to be achieved · 

S between the appJique llld die lllbltrate. Known canien are thermoplastic and thus 

preclude use of bisher temperatures becau• mcb temperatures CIUle the canier 

material to stick to the microaphem. The canicr web can be retained by the 

manu&cturer for recycle, u opposed to being supplied to a pnnent usembler and 

sublequent1y dilCll'ded u wuae. Further, a release liner is not needed in the present 

10 invention because the appique can be heat-activatably applied rather than being 

applied through use of a pressure-aemiti adhesive. Thus, neither the carrier web nor 

the releue liner become discarded by the garment assembler, making the applique and 

method of the invention more favorable &om economic and environmental standpoints. 

In· ldclition. the overall weight ad volume of the applique is less, thereby reducing 

1 s shipping and storage costs. 

These and other advantages of the invention are more tblly shown and 

described in the drawinp and cletailed description of this invention, where like 

reference numerals are used to represent similar parts. It is to be understood, 

however. that the drawings and description are for the purposea of illustration only and 

20 should not be read in a manner that would unduly limit the scope of this invention. 

In the drawinp: 

PIG. 1 is a cross-section of a rctroretlcctive applique 10 in accordance with the 

present invention; 

PIG. 2 schematically illustrates a method of manufacturing a retroretlective 

2S applique 10 in accordance with the present invention; and 

FIG. 3. is a ftont view of Ill article of clothing 60 bearing a retroreftective 

applique 10 in accordance with the present invention. 

The drawings are idealized and are not drawn to scale. 

In the practice of the present invention. an exposed lens retroretlective applique 

30 is provided that can have the canier web removed fi'om the applique before it is 
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wured to a subltrate. FIG. 1 Illustrates a portion of a rmmellective appJique 11 of 

the invention. lletroreftectiv applique 10 includes. supportina structure 12, optical 

1tu elmmts that may be a IDDDOlayer ofmicrolpllaea 14, and a refleelive material 1,. 

Toptber the microlphcrea 14 and the nd1ectM material '' form a retroreflective 
S portion II capable of returnina a lublt1ntial quality of incidat liaht towards the light 

_ saurce. The supporting structure 12 bu a &nt or rear IUlfilce 20 and a 11eCOnd or front 
' 

surface 22. As shown, the supporting structure 12 contains two polymeric layers 24 

md 26. Polymeric layer 24 typically is nien'ed to u a "binder layer* and comprises a 

non-filamentaly acrylic polymer, and layer 2' may comprise a polymer(s) capable of 

10 acting u a heat-activatable adhesive. "Non-filamentary" means the layer does not 

consist euentially of filaments; see contrawise, U.S. Patent 5,128,804. The term 

•acryBc polymer" mans a tbermoplutic or thermoset polymer or copolymer made 

ftom aayllc acid, methacrylic acid, itaconic acid, citraccmic acid, maleic acid, fumaric 

acid, eaten of theae acid'9 acrylonitrile. or combinations thereof. Preferably, layer 26 

IS comprises an acrylic polymer made &om acrylic ~ methacrylic ~ ethyl acrylate, 

butyl amylate. ethyl hexyl acrylate, or combinations thereof. 

Polymeric )ayer 26 by itself or in CODjunction with layer 24 allows polymeric 

supporting structure 12 to act u a heat-activatable adhesive on rear sudice 10. As the 

term is used herein, •heat activatable adhesive• means an adhesive that can be activated 

20 by heating to more than about SO°C, allowing the applique to be bonded to a substrate 

by the application of pressure, where the applique and the substrate are not otherwise 

able to be bonded to each other at room temperature. Preferably, the adhesive is not 

activated until it is heated to at least 75 °C. 

The layer of microspheres 14 bu a ftrst portion that protrudes from the 

25 supporting structure 12 so u to be exposed to the ambient environment. In 

retroref1ective appliques. like the present invention, where the microspheres are 

exposed to the ambient environment - that is, they are not enclosed or encapsulated, 

by for example, a polymeric cover film - are referred to u "an exposed lens 

retroreftective applique. • The layer of microspheres 14 has a second portion 
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embeddecl in tbe &oat IUl'&ce 22 of polymeric aapportins mucture 12. Reflective 

materill 1' ii located behind tlae embedded portion of tbo layer of microspheres ad 

preferably ii cli!lpOlld tberean. 

The aupporting mucture CQllflina one or more non-filamentary continuoua 

polymeric layen, wllicb toselher pref'erably have a ddckra1 of about 25 to about 250 

mlcromettn. By •continuous• ii meant tbe polymeric layer does not pouess any voids 

or openings that would render the polymeric aapportina ltnlcture fluid permeable. 
Preferably, the mpporting ltnlCture bu a thicknm of about SO to 75 micrometers. 
Tbiclmesaa leu than 25 micrometers may be too thin to adhere to both a substrate and 

10 the optical elements, and thicknesses peater than 250 micrometers may unnecessarily 
ltitl'en the applique llld add to its cost. 

Layers 24 and 2' together or independently provide structure 12 and ultimately 

retroreftective app&que 11 with a tensile strenath preferably sreater than 3.S x 106 

N/m2
• More preferably, the retroretlective applique has a tensile strength sreater than 

15 6xlo' N/m2
, and still more preferably is peater than lOxlo' N/m2

• At the upper end, 

the tensile stnnsth may be u high u SOxlo' N/m2 but typically ia less than 40xlo' 

N/m2
• Binder layer 24 can be a self-croaslinking aaylic polymer IUCh as HA-111' 

available &om llohm and Hus, Philadelphia. Pennsylvania. As the term is used herein, 

"self-croulinJring• means the polymer is capable of crou-linking to produce a higher 

20 molecular weight polymer without use of crosslinldng agent separate &om the initial 
polymer. Polymeric layer 26 may be a thermoplastic polymer such as a copolymer of 

ethylene and acrylic acid, for example, Primacor111 3440 available &om Dow Chemical 
Company, Midland, Michigan. Dow Coming Z-6040 adhesion promoter (available 

&om Dow Corning, MicUand, Michigan) may be used with HA-8'1'11 to provide superior 

25 dry-cleaning and home laundering durability. Polymeric layer 26 typically is about 10 

to ISO micrometers thick. 

The binder layer of the supporting structure also may contain one or more 

additives such u colonnts (for example, pigments. dyes, metal flakes), fillers, 

ltabilmrs (for example, thermal stabilim's and antioxidants such u hindered phenols 

30 and light ltabilizen such u hindered unines or ultl'llViolet stabilizers), flame retardants, 
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flow modifim (:fbr nample, llll'filctants IUCh • fluoropolynter lilicones). plastici7.en, 

elutmnen. llld couplina ..-.. Care lhau1d be tlkta when selectina auch additives 

becluR IOIRe CID mmn.taliy dact laundering clurability of the retroreftfdive 

applique. Becau• the app1iques are commonly used on dodling, launclering durability 

ii ID important COlllideratioa; 111, :fbr eample, U.S. Patents 5,200,262 and S,283, 101. 

It hu been found that 1118 of a IUbltantial amount or some pipients, for example, 

titanium climdde, can ldvenely atrect post-wash retroreflectMty. Other additives, 

however, may improve laundering durlbility. For aamp1e, ai1ane coupling agents such 

a Dow Coming Z 6040 may be added to the binder layer at about 1 to 15 parts by 

weisht (dry). Elutomen - auch as Hypalon'IM 20 S (available fi'om BJ. Dupont de 

Nemours and Company, Wiimington, Delaware), PolymTM EPM 306 P (available 

&om Miles, Inc., Pol)'lll' Rubber Division, Akron, Ohio), and Nipol1M VT 4SSS 

(available &om Zeon Chemicals, Rollins Meadows, DJinois) - may improve laundering 

clurability when the binder layer ii an ethylene/acrylic add copolymer. Preferably, the 

15 additives ue nsistant to degradation or leaching out of the polymeric supporting 

structure clurins llunderins. 
The mpponing structure's binder layer optionally may be fonmdated with a 

colorant selected to blend with or match the color of the rdlective material to mask 

any loas of optical lens elements which may result fi'om scratcbing the fi'ont surface of 

20 applique against tbmiture, walls, or any other object or sur&ce. When an optical lens 

element becomes displaced &om the appJique. a portion of the nftective material 

directly beneath the lens clement usually also is ranoved fi'om the sheeting. If the 

retleclive material ii not transparent and it does not match the color of the underlying 

binder layer, the Jou of the optical lens element becomes noticeable. 

25 The tenn •optical lens elemclnts• means discrete elements capable of altering 

the direction of 6ght so that, in conjunction with the reflective material, a substantial 

quantity of incidmt lisht can be retroreflected. Aa indicated above, the optical lens 

elements used in retroreflcctiye appliques of this invention can be microspheres that, 

preferably, are substantially spherical in shape in order to provide the most unifonn and 

30 e8icient retroreflection. The microspheres preferably also are substantially transparent 
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10 • to minimia lblorption of liaht 10 that a lup pcrcentap of the incident light is 
retnntlected. Al the term ii Ulld Mnin. 9trmpannt• ..... Clplble oftranamitting 

liaht. Prererably, the oplical lw elementa trwmit at least 80 percent of the intemity 

of incident Jiaht in the visible apectlUm (about 400 to 700 nanometers (nm) 

S wavelenath). Mme pnienbly, the mic:rospberes are ca,able of tl'llllmitting at least 90 

percent of the intensity of liaht in the vilib1e spemum. The microspheres often are 

IUbstantially colodeu but may be tinted or colored in 101De other &shima. 

Tbe microspheres may be llllde. hm slau, a non-vitreous ceramic 
composition, or a synthetic rain. Glm and ceramic microspheres are preferred 

IO because they tend to be harder and more durable than microspheres made fi'om 

synthetic resins. Examples of microspheres that may be used ·1n this invention are 
disclosed in the following United States patents: 1,175,224, 2,461,011, 2,726,161, 

2,842,446, 2,853,393, 2,870,030, 2,939,797, 2.965,921, 2,992,122, 3,468,681, 

3,946,130, 4,192.576, 4,367,919, 4,564,556., 4,758,469, 4,772,511, and 4,931,414. 

15 The disclosures of these patents are incorporated here by reference. 

The microspheres typically have an average diameter in the range of about 30 

to 200 micrometers. Microspheres smaller than this range tend to provide lower levels 

of retroreflection, and microspheres larger than this range may impart an undesirably 
roush texture . to the applique or may undesirably reduce its flexibility. The 

20 microspheres typically have a re&active index of about 1.7 to about 2.0, the range 
typically considered to be usefid in exposed lens retrorcflective proclucta. 

The reflective material can be a layer comprising an elemental metal that 

preferably is c:apable of specularly reflecting light. A variety of metals may be used to 

provide a specular reflective metal layer. These include aluminum, silver, chromium, 
25 gold, nickel, magnesium, and the like, in elemental ronn, and combinations thereof. 

Aluminum and silver are the preferred metals for use in a reftective layer fi'om a 

performance standpoint. The metal may be a continuous coating such u is produced 

by vacuum-deposition, vapor coating chemical-deposition, or electroleas plating. It is 

to be understood that in the cue of aluminum, some of the metal may be in the fonn of 

30 the metal oxide and/or hydroxide. Aluminum and silver metals are preferred because 
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they tend to provide the hiahest retnnllective briahtnas. The metal layer should be 
thick enoup to n8ect incamina Hahl Typically, tbe re8ective metal layer is about 50 

to 150 nmonWm tbict. Allboush the re8ective color of a silver coating can be 

briabter than ID aluminum coatin& ID aluminum layer nonnaJly is more preferred 

S beclU• it CID provide better laundering durability when adhered to & glass optical 

element. 

In lieu o( or in addition to. a rellective metll layer, a dielectric mirror may be 

employed U I rcftoctivc material. The dielectric mirror may be similar to known 

dielectric mirron diaclosed in U.S. Patents 3, 700,305 and 4, 763,985 to Bingham. The 
10 disclosures or these patents are incorporated bere by reference. When using a 

dielectric minor, the optical lens e1eme.nts typically have a refractive index nz and have 
a layer of transparent material disposed thereon which bas a reftactive index n1, and the 

oppolite fia of the transpmat materiai (having a refbctive index n1) is in contact 
with a material having a rehctive index ns. where both na and ns have a refi'active 

15 index of at least 0.1, preferably at least 0.3, higher or lower than na. The tnnsparent 

material is a layer that typicllly bu an optical tbickn• corresponding to oclcl 
DUlllbeNd multiples (that is, 1, 3, s. 7 .... ) or about one-quarter wavelength of lisht in 
the wavelength range of about 380 to about 1,000 nanometers. Thus, either ni>ni<ns 

or 112<D1>1b, and the materials on either aide of the transparent layer may be either both 
20 higher or both lower in rehctive index than n1• When n1 is higher than both nz and n,, 

n1 is preferably in the 1. 7 to 4.9 range, and ni and n, are preferably in the 1.2 to 1. 7 

range. Convcncly, when n1 is lower than both DJ lllCl DJ, n1 is preferably in the 1.2 to 
l.7 f1D8e, and nz and ns are preferably in the 1.7 to 4.9 range. ne dielectric mirror 

preferably comprises a contipous array of materials, at least one being in layer form, 
25 having an alternating sequence of re&active indices. In a pretcrrecl embodiment the 

contiguous may has &om two to seven layers. preferably three to five layers, adjacent 

to the lens element. A dielectric mirror can provide very good retroreflectivity -

althoush, it typicllly is not u eflicient a reflector u a reflective metal layer. 

Among the many compounds that may be used in providing transparent 

30 materials within the desin:cl reftactive index range are: high index materials such as 
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CdS, ~ Cal, GaAs, Ge, lnAs, IDP, InSb, Zr<». Bb<>s, ZnSe, ZnS, WO,, PbS, 

PbSe, PbTe, RW, Si, T&JOs, Te, TiOi; low iadmt materials IUCh • Ab(),, AJP,, CaF:z, 

CeF,, UP, MaP:z. NtaAIP" TbOP:z, e11stoamc copolJmen ofperfluoropropylene and 

Yinyliclene 8uaride (rehctive index of » 1.38). ct cetera. Other IDlterials are reported 

5 in Thin Flbll P,,,,,,.,,._, K. L. Chopra. pap 750, McGraw-Hill Book Company, 

New York, (1969). A p161ed dielectric mirror contains succeeding layers of ayolite 

(Na,AIF,) and zinc aulticle. 

A retroreflective applique of tbe invention may be fonned in a sequential 

fashion that involves the step-wile construction of various. layers. More specifically, 

10 the steps include forming a retrore8ective portion comprisina the optical lens elements 

and the nllective material and then fanning the supporting structure u an ovs1ay on 

the 1etameftective portion. 

A schematic illustration of a method of preplring a retroretlective applique 10 

of the invention is shown in FIG. 2, where a monolayer of the optical lens elements is 

15 first assembled by cascading tranaparent microspheres 14 onto a curler web 21 which 

secures the microlphera 14 in a deairecl temporary Ulipmeat. Microspheres 14 can 

be partially mnbedded in carrier web 28, compoaed of a beat softened polymeric lining 

30 on a paper sheet 32. Some examples of useful polymers for polymeric linins 30 

include polyvinyl chloride. polysulfones, polyalk:ylenes such u polyethylene, 

20 polypropylene and polybutylene, polyesters, and the like. Microspheres 14 preferably 

are packed u dosely u possible, ideally in their dosest hexagonal anangement. to 

achieve very good retroretlectfye briahtness and may be so unnpd by any convenient 

application process, such u printing, screening. cascadin& or hot roUing. 

Upon cooling, polymer lining 30 retains microspheres 14 in a desired 

25 arrangement A reflective material I' such u a specularly reflective metal or dielectric 

minor then is applied to the carrier web 21 and the microspheres 14 so that the 

protruding ponions of the microspheres 14, u well u the expoaed portions of polymer 

30, become coated with a reflective material layer 1,. This technique &cilitates the 

mmipment of the retroretlective elements 31 (optical lens elements and reflective 
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material) in IUbltandally uniform direction for n=troreflection . The size of the 

retnnflective elements 31, a iNlicated by the surface ponion of the microspheres 14 

COWNd with tbe re8ec:dve mtelial '' may be COlllrollecl in part by controlling the 

depth to which the microspbmes l• are embedded in the polymer 30 prior to applying 

5 the n8ective mat.w ''· 

10 

After the retroref1ective elemeDls 31 have bml formed on Cll'rier web 21. the 

supporting saructure 12 then is formed over the retroreftective elements 31. This may 

be accomp&shed by applying juxtapolitionecl polymer sheets 24 and 26 onto the 

reboreflective elements 31. Polymeric aheets 24 and 26 may be thermoplastic 

polymers of an acrylic latex and a heat-activatable material, respectively. Polymeric 

sheets 24 and 26 come off rolls 44 and 4', respectively. After the polymer sheets 24 

and 2' are placed on top of ret1ore8ectivo elements 31, sheets 24 and 2', along with 

retroretlective elements 31 and carrier web 21. are pmed through nip roUs 41 and 49. 

Beat is supplied, typically. through nip roD 41 to cause polymer lheets 24 and 2' to be 

ts bonded to each other and ultimately to retroretlective elements 31. Upon exiting the 

nip roDs 41 and ''' a composite structure 50 is thereby formed which contains 

supporting structure 12, a retroretlective portion 11 (that includes the monolaycr of 

retrore8ective elements 31), and a carrier web 21. Carrier web 21 may be separated 

&om retroreflective portion II and polymeric supporting structure 12 to provide a · 

20 retrore8cctive applique 10 in accordance with the present invention. lletroreflective 

applique It consists essmtially of a monolayer of retroreflective elements 31 and a 

polymeric supporting structure 12. The retroreflective applique 10 can be rewound 

·upon a spool (not shown) and stored in this tishion until it is desired to secure the 

applique 10 to a substrate. 

25 lletroreflective appliques made in accordance with the invention can retain at 

least 75 percent of their retroretlectivity by separating the carrier from the applique 

before the latter is secured to a substrate with heat. More preferably, retroretlective 

appliques can retain at least 95 percent of their retroreflectivity. StiD more preferably, 

the inventive retroreflectivc appliques are able to demonstrate an improvement (that is, 
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rellin more thin 100%) in fflllOleflectiv by RllDDYing the carrier web before the 
appJique ii i.at-seaured to a IUbltnte. Appliquea of tbe invention have been shown to 
rellin more thin 140 peraeat, and cvm more dm 175 pen:ent. of their initial 
rettoreflectMty by ..,...... the carrier ttom the applique Wore being secured to a 

s substrate with beat. The percent retroreftectMty retained my be determined in 
accordance with ASTM E 810-93b u illustrated below in the Examples. Articles of 
the invention also can be launderably ~ and after beina subjected to a "Home 
Wuh LaundcriDg Durability Test•, can nstain at leut approximately 40 percent of their 

initial retrordecdvity u mwured by the coetlicient of retro~ ll.\. More 
10 preferably, samp1ea of the invention retain at least SO percent of their initill 

retroreflectivity. 

The separated carrier web 21 may be reused by the manufacturer to produce 
another retroreflective applique. The retroreflective applique on the spool may be 

delivered to a pment u....,ler without a carrier web or a release liner. The garment 

15 usembler then may retrieve the desired length or retroreflective applique from the 
spool and adhere it to a substrate simply by applying heat. The substrate may be 

euentially Ill)' surface that allows the retroretlective applique to be heat-laminated 
thereto. The substrate may be, for example: a woven or non-woven fabric such u a 
cotton fibric; a polymeric layer including nylons, olefins, polyesters, cellulosics, 

20 urethanes, vinyls, and acrylics; natural or synthetic rubbers; material; leather and the 
like. Temperatures nceeding 200 °C, and hiaher than 250 °C, may be used to secure 
appliques of the invention to substrates. Before the present invention, temperatures or 
about 150 to 190 °C were commonly used. 

In FIG. 3, retroreflective appliques 10 are shown secured to the outer surlice 

2S of a safety vest SO. Safety vest 50 bu retroreflective appliques 10 secured thereto in 
the form of stripes. The stripes become Wuminated at nighttime when incident light 

strikes the safety wst 50. The illumination of the retroretlective appliques 10 on safety 

vest SO higblishts the wearer's presence. Although safety vest 50 hu been chosen for 
illustration, the article of clothing may come in a variety of fonns. As the term is used 

30 herein, "article of dotbing11 means a launderable item of wearing apparel sized and 
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confisured to be wom or cmied by • penon. Other ..... or articles of doting 

that may display retronllective lppliquel in accordaace with the invention include 
lhiltl, ..... jacketa, COltl, ...... IOCb, alovea, belts, hits, mits, one-piece 

body pnnmts, .... backpacks. et .... 

S The foDCJWina Bmnplll have bem 1electccl merely to lUrther illustrate features, 

10 

....., anc1 other details or the inwntion. 1t is to be expreu1y understood, 

however, that while tbe Evmples serve this purpose, the particular blpedients and 

amounts used u well u other conditions and details uo not to be constNed in a 
IDllUlll' that would unduly limit the scope of this invention. 

&gw1p 

Bxamgle 1 

A paper carrier web wu coatecl on one side with low density polyethylene. 1be 

polyethylene side WU covered with a monolayer or g)us miorospheres having a 

15 rehctive index of 1.92 . The alau microspheres were partially embedded in the 

polyethylene to about 40 permit of their average diuneter of 60 microns by heating 

the web to about 138° C. The non-embedded portions of the ahm microspheres were 

vacuum coated with aluminum of 65-70 nanometers in tbickneu. 

A se1f-croulinking acrylic emulsion having the composition set forth in Table A 

20 was cast onto the monolayer of aluminum coated microspheres embedded in the 
carrier. The cut emulsion wu dried by first exposing to room tempsature conditions 

( 22° C, SO % relative humidity) for about 40 seconds followed by consecutive 

exposures in air circulating ovens (with exhaust ) 40 seconds at 66° C, 80 seconds at 

82° C and 160 seconds at 99° C , respectively. The resulting partially cured 6lm has a 

25 coating weisht of about 70 grams per square meter and a tensile at break or 2 to 12 
srams per millimeter (&Imm). 
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TlbleA 
"l'<::n-· i:. "::f" > ~':<.::.,..,=-<,.....,...,.."::] ,.,..,.,.,.,.,.,. ... .:;:~~,. i:....-,.. ,.~<" '"":":"'""~n,..~ .. f,_,,. <=.,...,;- ,. .... ,...:--t,.ro-r0rr;-;· Y. .,.,.,..,... N"'»~w,.~:r::-=~;.;.o-,.«>~nq-,...,.,.~ L ~Jhl~~Jt=w,~~~~LLh~''~/-f~F~ I ·,\ t, ,. ~ ~~ L~~-~illlliillilltJ~ .~LlllifaLd.iL~c.fii:lLL' 

Aqueous eaulsion compriling 54 percmt 
water llld 46 weiPt percent of a copo1ynm 39.42 
of elhyl ICl)'llte llld methylol aayllmide 
(llbopls'nll Ha-8 &om Bohm .t 11111, 
p• ....... :-- . ... 

a 

Acrysol ASB-60, mqueous emulsion 
containing crouliabcl aaylic emulsion 2.06 
copolymer of 28 weiaht percent and 82 • • ---ma water ( llolun & Hau) 
Andfoam aaent (Foamaster DF-160-L &om 0.23 
Henkel Com. l diluted to SO % with water 
Ammonium nitrate catalyst (diluted with 0.47 
water 1:9) 
Ammonium hydroxide (aqueous 28-30 % 0.31 ..... . . ~ 

• 
Silane coupling agent (Dow Coming Z 6040, 1.96 ,._ .. 

• Michimml 
Di-ioniad water SS.SS 

A 75 micron heat activated ethylene acrylic acid film (Primacor,.. 3440) wu 

laminated to the acrylic layer at 104 °C. 

~ectiye Jldahtness Test 
The coefficient of retroreflection ~ reported in candelas per 1ux per square 

meter (cdlluxlm2). wu measured usiq standardized test ASTM E 810-93b on samples 
with carrier removed before lamination to a fabric (CRBL) and carrier removed 

following lamination (CRPL) at 162 °C for 2S seconds of dwell time. The entrance 

10 ans1e used in ASlM E 810-93b was -4 ~egrees, and the observation angle was 0.2 

degrees. lleferenceto "ASlME 810-93b" herein means ASTME 810-93b where the 

entrance and observation anaJes are as specified in the previous sentence. The test 

results are set forth in Table I. 
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Table I 

rr"'~''·l •;:w::~w '1f' ,,, ,,,, :::: ". "''' "''~"""""f> "ti'" r ~~ ~{ ".. \ 5 ~ { ;.'.-: l })- •'}:: .;, ): '\.t•'• ,. "'-• n N • ,. "<.. ~;• \. { • • ,. \.'.:.'. ::, 

c; <l~}+ ~«~" f!"'lffi'•m} ;,:;(I <\t>ir<;lr;t«•j~•"•l4Hti\""t'''' BB(i$$lt• '1~JllifAAi1Kj <1!X t<tA'8"~~t) ij ·'·~ , , ; ~~ I'. .... :. ::. 'l ·i:~~ ~::::-:: l'"· y:-, r.·: :. < : <..,, .,. -= *'. ;:;( ~-.. r ,. ;::- , ~-'\'" ).(~ ·";,.. "- '"} t·'lw"".q"''" j"',.,,,:,1:,;;r1.c<e.iw,.,,, .. ;,;;:,:.:; .... :::,,,,,,,,, ff·.'~'····'r-f•:·:,. • .,"~··''m t1''"""2 '~ ,1 ~ , d~ f1di' tcLJ~ \l.:~i~li /;.·i ~·: ~"' ·=~ ···' , r. ,. ( r·:· r&0t '1 c:·· ·5.:i d"'t~ ,,, ,_., ? ®I t~~filM~1-v~~l t~tu~~ }. t.~f:~·~1.:~1.m!-t!-r~J\«1: .. ~m!-:.:.~1:.:.~·.<t·~,;~.t-!-~tv,.~·>·~··~!-(~~~~~:.A .W.>+ .. ~:..~I .........-A ,. :..:. ~ (w~~~~ 
}~ P~ ~ ~ ~~ q: ~ ~ ~,. ;:• c·,.: ( ~t~~ '"<~ '~ ~ {~ ~' :, : ~ ; · · (:" ~ .. - ~ ~ < -t ~ 1j:~f'7T?f W?'~TJJ?~3 :,,. ~- \i ~ ~·,f ~'r}i-·!= :-n:r'.-$:.;: t,-t;..~wl-:.h._ ll,.,.; u:r • .,.....,..~:=~,.;;. ~:'i"~~ru ~,~,. ~ .-.r i )-,ui".r.-»-; ':u ;. ... ~ ;:._.f;.., ;;. ~~~ .............. ~....-.-,.-_.._...,~}~ .-- ;.,. ·· ~ .......... ~;:.... ..,,,..,. 

la 100%Cotton 499 375 Ill 
lb 100%Nvlon 495 370 134 
le 65%P" f35" Cotton 499 362 138 

The data set forth in Tlble I demonstrates a hisher brightws, expressed u the 
coelBcient of relroreflection when the carrier web is removed before laminating the 

S retrore8ective app1ique to a &bric. Polyethylene fi'om the carrier paper is transferred 

to ~ desree to the exposed microsphere IUlface during the lamination process, 
tlms. limiting the lamination tmiperature. The overall eft"ect is a lower coefticimt of 

retroreflection for the amples where the carrier wu removed following lamination. 

Examples 2-4 are limilar to Example I but diftirent heat·activatable adhesive 
10 dlemistries were med. The resultins retroreftectivity Vllues demonstrate the 

advantages of higher biightnesa performance when the carrier ii removed before 
Jamimting the retroreflective applique to the &bric substrate. The results are set forth 
inTable2. 

15 Table2 

·-~~-2 EstaneTM 58570 (B.F. 515 284 181 
Goodrich) 

3 Vltel"' 4450 (Goodyar 579 352 164 
Tire & Rubber) 

4 Macromelt111 6301 (Henkel 566 342 165 
Com.) 

·IS-



W09'129620 PCTJUS"1018'7 

RqwWghlf""hrinrDynbUjtyTest 

Flbricslminglbe .....-IUldled dmlto wntbm IUbjec:ted to a Illies ofhame 

Jamderina .. willl8n elCb ..... WU mbjectecl to a tDfll of2S wuh cycles and I talll 

ors dlJin8 cydes. The Howins • methacla wn Ulld: w11....,. w washed for s 
S camecutive cycles in a Maytl8 Model U7804 llltOlllldc wu1ina Diidine ming the 

fbDowing ...... ~ .......... (letting 10), "Llqe· Laid. "Regular" &bric, and 

"HatJCold• Teq»erltln. The Wiiiing ndine WU lttlcbed to a tempenturHoDtro 

water mpply JXOVidbw Ill inilial water tempentln of about 38 °C (100 oP). Porty (40) 

grmns of a standlnl ddqent, obtained &om the Americlll Association of Textile Chemists 

10 and Coloriats (AATCC) Technicll Center, P.O. Box 12215, Research Triangle, North 

Carolina 27709, wn med tbr elCb wash cyde. Eich wuh qde wu fbllowed by a cold 

water rime C)'de. After fNmy fifth wasblrimre cycle, eada ample Wll tumble-dried in I 

Maytag Model LS7804 clrylr, ulina lllldine lettinp of 60 °C (140 GP) Temperature and 

"Regular" Fabric until tbe total ad WU dry. Blcb ample then WU tumbled for a 5-10 

15 milute cooling period in the .,.. with the belt turned o&: After each diyina cycle. earh 

ample wu tested tbr retrore:llectiv pafonmnce in accordance with ASTM E 810-93b. 

The complete aequmce of S wuh cycles llld 1 dry cycle was repeated 5 times. All samples 

in Table 3 were tested with carrier nmoved before lamination. :Raults are u follows: 

20 

Table3 

·--la 409 177 
lb 419 178 
le 4'TI 129 
2 472 203 
3 S6S 299 
4 524 172 

1be data in Table 3 show that articles made in accordance with the method of the 

invention Clll demonstrate good laundering durability. 
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Various modifications and alterations may be made to the invention without 

cleplrdng ftom its spirit and scope. Accordinsly, it is to be understood that the 

invention is not to be timited to the above-described but ii to be controlled by the 

Hmitations let forth in the following claims and any equivalents thereo£ It is also to be 

5 understood that the inwntion may be IUitab1y practiced in the absence of any element 

not specifically disclosed herein. 
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What ii daimecl is: 

I. An expoled lens rctroretlective applique that comprises: 

(a) a 111pponina ltrUClure having tint and leCOlld major surfaces and 

S COntlining a non-fillmentlly lays of • acrylic polymer, the 1eCOnd major surface 

being capable of acting u a beat-IClivatable ldhelive; 

(b) a layer of optical lens elementa having a first portion protruding ftum the 

first major surface of the supporting structure and having a second portion embedded 

in the layer of the acrylic polymer; and 

10 (c) a reflective material disposed behind the second ponion of the layer of 

optical lens elements. 

2. The retroreflective applique of claim 1, wherein the supporting structure 

includes a continuous binder layer into which the optical lens elements are partially 

15 embedded, and a polymeric layer capable of acting as a heat-activatable adhesive. 

20 

3. The retroreflective applique of claim 2, wherein the binder layer includes 

an acrylic polymer selected fi'om the sroup consisting of aciylic acid, methacrylic acid, 

ethyl acrylate, butyl acrylate, ethyl hexyl acrylate, or combinations thereof. 

4. The rctroretlective applique of claim 2, wherein the heat-activatable 

adhesive is not activatable until heated to at least 75 °C, and wherein the supporting 

structure hu a thickness or about 2S to 2SO micrometers. 

2S S. The retroreflective applique of claim 1, having a tensile strength greater 

30 

than 6 x Hf Newtons per square meter. 

6. The retroreflective applique or claim 2, wherein the binder layer is a self­

crosslinking acrylic polymer, and wherein the heat-activatable adhesive layer includes a 

thermoplastic copolymer of ethylene and acrylic acid. 
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7. A method of making a •mpporting exposed lens retroreflective 

applique, which comprilel: 

(a) supporting a fint portion of a layer of optical lens elements in a carrier 

S web such that a second portion of the layer of optical lens elements protmdes from the 

carrier web; 

(b) applying a coating of a reflective matmal on the second portion of the 

layer of optical lens elements; 

(c) fonnina over the second portion of the optical lens elements after the 

10 reftecdve material bas been applied a supporting suucture that includes a non­

filamentary acrylic polymer layer, the second portion of the optical Jens elements being 

embedded in the acrylic polymer layer; and 

(d) separating the carrier web from the supporting structure to expose the first 

portion of the optical lens element to produce the self-supported exposed lens 

IS retrorctlective applique, the separation occurring before the retroretlective applique's 

supporting ltlUCtUre is secured to a substrate. 

B. The method of claim 7, wherein the supporting structure is formed over 

the second portion of the optical lens elements by applying at least two juxtapositioned 

20 polymer sheets over the second portion of the optical lens elemen~ the 

juxtapositioned polymer sheets comprising a sheet of a thennoplastic acrylic latex, and 

a sheet of a heat-activatable polymeric material, respectively9 the themoplastic acrylic 

latex sheet being located between the second portion of the optical lens elements and 

the sheet ofheat-activatable polymeric material. 

2S 

9. ne method of claim 7, wherein the exposed lens retroreftective applique 

retains at least 7S percent of its retroretlectivity by separating the carrier from the 

applique before the applique is secured to a substrate with heat. 
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10. The method of claim 7, wlmein the retroreflective applique is able to 

demonstrate a coetBcient of retrorelection of 300 to 600 Cllldelu per lux per square 

meter after beins subjected to a homo laundering tllt. 

----------
' This Sheet Eias Bee 

. . 111/Ull/Hm/iliced 
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