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ABSTRACT 

The invention provides composite materials comprising a 
shape change element and an optical change element, Which 
elements undergo a change in response to an applied stimu 
lus. Also provided are objects that include the subject shape 
changing materials, as Well as methods of making and using 
the same. 
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PLURAL ELEMENT COMPOSITE MATERIALS, 
METHODS FOR MAKING AND USING THE SAME 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Pursuant to 35 U.S.C. § 119 (e), this application 
claims priority to the ?ling date of US. Provisional Patent 
Application Ser. No. 60/504,180 ?led Sep. 17, 2003; the 
disclosure of Which is herein incorporated by reference. 

INTRODUCTION 

Background of the Invention 

[0002] Composite materials are structures or entities that 
are made up of distinct components. A variety of different 
types of composite materials have been developed and 
employed in a multitude of different and diverse applica 
tions. Because of utility of composite materials, there con 
tinues to be an interest in the development of neW composite 
materials. 

Relevant Literature 

[0003] See 6g, U.S. Pat. Nos. 4,950,258; 5,665,822; 
5,918,981; 6,465,791; 6,612,739; 6,669,444; 6,675,610; 
6,740,094, 6,759,481; 6,720,402; 6,790,395; and 6,790,916. 

SUMMARY OF THE INVENTION 

[0004] The invention provides composite materials com 
prising a shape change element and an optical change 
element, Which elements undergo a change in response to an 
applied stimulus. Also provided are objects that include the 
subject shape changing materials, as Well as methods of 
making and using the same. 

[0005] As such, embodiments of the invention involve 
plural intrinsic composite materials Which possess and com 
bine shape, memory, and structurally conforming composi 
tions With a plurality of independent color changing and/or 
optical shifting compositions such as therrnochromic, pho 
tographic, photochromic, tactochromic, solvate chromic, pH 
sensitive indicating chromic change agents, photo-lumines 
cent materials, iridescent materials, birefringence materials, 
optical Wave/light guiding and/or related materials. The 
plural intrinsic composite compositions are capable of 
simultaneously or sequentially undergoing shape and opti 
cal/visual changes uniquely and in pre-determined formats. 
The comprising compositions and embodiments can sense, 
report, and respond to environmental conditions they are 
exposed to. 

[0006] The plural composite shape/memory/color optical 
shifting/changing materials exhibit novel multiple effects of 
simultaneously or With a predetermined historesis, changing 
shape in response to an environmental parameter such as 
temperature While also instantaneously changing its optical 
characteristics. The combined shape and optical shifting 
elements provides for neW and unusual features, character 
istics, effects, usage, play-value, novelty, and utility com 
pared With either singularly color changing materials or 
shape changing materials. 

DESCRIPTION OF THE SPECIFIC 
EMBODIMENTS 

[0007] The invention provides composite materials com 
prising a shape change element and a optical change ele 
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ment, Which elements undergo a change in response to an 
applied stimulus. Also provided are objects that include the 
subject shape changing materials, as Well as methods of 
making and using the same. 

[0008] Before the present invention is further described, it 
is to be understood that this invention is not limited to 
particular embodiments described, as such may, of course, 
vary. It is also to be understood that the terminology used 
herein is for the purpose of describing particular embodi 
ments only, and is not intended to be limiting, since the 
scope of the present invention Will be limited only by the 
appended claims. 

[0009] Where a range of values is provided, it is under 
stood that each intervening value, to the tenth of the unit of 
the loWer limit unless the context clearly dictates otherWise, 
betWeen the upper and loWer limit of that range and any 
other stated or intervening value in that stated range, is 
encompassed Within the invention. The upper and loWer 
limits of these smaller ranges may independently be 
included in the smaller ranges and are also encompassed 
Within the invention, subject to any speci?cally excluded 
limit in the stated range. Where the stated range includes one 
or both of the limits, ranges excluding either or both of those 
included limits are also included in the invention. 

[0010] Methods recited herein may be carried out in any 
order of the recited events Which is logically possible, as 
Well as the recited order of events. 

[0011] Unless de?ned otherWise, all technical and scien 
ti?c terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to Which this 
invention belongs. Although any methods and materials 
similar or equivalent to those described herein can also be 
used in the practice or testing of the present invention, the 
preferred methods and materials are noW described. 

[0012] All publications mentioned herein are incorporated 
herein by reference to disclose and describe the methods 
and/or materials in connection With Which the publications 
are cited. 

[0013] It must be noted that as used herein and in the 
appended claims, the singular forms “a”, “an”, and “the” 
include plural referents unless the context clearly dictates 
otherWise. It is further noted that the claims may be drafted 
to exclude any optional element. As such, this statement is 
intended to serve as antecedent basis for use of such exclu 
sive terminology as “solely,”“only” and the like in connec 
tion With the recitation of claim elements, or use of a 
“negative” limitation. 

[0014] The publications discussed herein are provided 
solely for their disclosure prior to the ?ling date of the 
present application. Nothing herein is to be construed as an 
admission that the present invention is not entitled to ante 
date such publication by virtue of prior invention. Further, 
the dates of publication provided may be different from the 
actual publication dates Which may need to be independently 
con?rmed. 

[0015] As summarized above, the invention provides com 
posite materials that include a shape change component and 
a color change component, as Well as articles that include the 
subject composite materials and methods for making and 
using the same. In further describing the various aspects of 
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the invention, the composite materials are reviewed ?rst in 
greater detail, followed by a discussion of representative 
articles and methods of use thereof. 

Composite Materials 
[0016] Color shifting/changing materials can include but 
are not limited to photo-luminescent material such as gloW 
in-the dark iron complexes, polydiacetylenes, poly 
thiophenes, leuco-dyes, stilbene compounds, mercury com 
plexes, melting Waxes, encapsulated dyes, liquid crystalline 
materials, spyrene materials, mercury salt dyes, tin com 
plexes, combination thermochromic/photochromic materi 
als, photochromic agents, gloW-in-the-dark materials such 
as Zinc sul?de Which has been copper doped, birefringent 
materials, shimmer materials such as those used in cosmet 
ics, holographic mediums or holographic printed materials, 
heat formable materials Which change structure based on 
temperature, natural thermochromic materials such as pig 
ments in beans, pieZochromic dyes, tribochromic dyes, 
photoconducting dyes, dyes used for organic light emitting 
diodes, or any acceptable thermochromic materials With the 
capacity to report a temperature change or can be photo 
stimulated and the like. 

[0017] Shape/memory materials With intrinsic optical 
properties can exhibit a plurality of shape/memory changes 
combined With single or multiple optical effects including 
but are not limited to thermochromic, photochromic, com 
bined tactochromic and thermochromic effects, combined 
holographic and thermochromic effects, combined thermo 
chromic and photochromic effects, combined photo-lumi 
nescent and thermochromic effects, various combined ther 
mochromic effects such as liquid crystal effects and intrinsic 
color change effects from polydiacetylenes or alternative 
thermochromic materials, mechanochromic and thermo 
chromic effects, pH sensitive color changes alone or in 
combination With other optical effects, and an assortment of 
related combined optical effects which exhibit synergy With 
the shape/memory change process. 
[0018] Colloidal diacetylene compositions are readily 
polymerized using thermal polymerization and UV photo 
polymeriZation. The resulting polymer remains very stable 
in a broad range of organic and aqueous solvents. The 
thermochromic temperature transition shoWs robust thermo 
chromic reversibility in a Wide variety solvent systems 
including harsh organic solvents such hexane, chloroform, 
acetone, ethanol and the like. The thermochromic transition 
is dictated by the fatty acid chain link. Chain links form C8 
fatty acids through C40 fatty acids With a diacetylene moiety 
Which have been synthesiZed, dymeriZed and polymeriZed. 
Thermochrornic transitions have been obtained With pure 
dymeriZed Polydiacetylene polymers as Well as plural com 
positions Where the diacetylene polymer has been mixed 
With a thermally responsive composition such as para?in, 
Waxes, block co-polymers, plastics, silicon rubbers and the 
like. The plural intrinsic compositions shoW excellent sta 
bility, thermal reversibility, and manufacturing processing 
capabilities 
[0019] Refractive index shifting and iridescent materials 
and birefringent materials can be used as additives to the 
shape/color change embodiment. Thin mica and glass par 
ticles can be used to create a shimmering effect during the 
shape changing process. 
[0020] Holographic ?lms, stamps, labels, inclusions or 
layers can be laminated, adhered, or incorporated into the 
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shape/ memory material to create further novel optical effects 
during the shape/memory change process. Physical shape 
change e?fects combined With optical refractive index 
change effects can be used to create neW and unexpected 
animation effects With out physical contact. The shape 
change Will transmit an intended holographic change effect 
When the change occurs. The effect can be localiZed or 
transmitted throughout the embodiment. The holographic 
effect can correlate With the actual physical shape/memory 
change or be used to create unexpected and entertaining 
optical effects during the shape change/ shape memory pro 
cess. 

[0021] Translucent holographic images embedded in 
shape memory material through direct heat lamination, 
using heat or cold laminating ?lms, be directly imprinted 
into the shape/memory material, be introduced or printed 
into to the material using laser etching techniques, adhered 
to the surface using pressure sensitive adhesive materials, be 
stamped using dye stamping holographic labeling tech 
niques, roll pressed onto the material, cast or hot pressed, hot 
stamped directly on indirectly onto the material or the like. 

[0022] Shape/memory/optical materials can be utiliZed in 
novel formats to create ?exible displays Which eliminate the 
limitations of ?at-screen display devices. For example, Flat 
panel display components used for computer and electronic 
devices are restricted to a planar con?guration, in a square 
or rectangular format. Integrating shape/memory materials 
can be used to comprise interconnections betWeen display 
components such that the display can be ?exibly changed to 
assume non-planar shapes. By Way of example, a liquid 
crystal or alternative display can be designed With intercon 
nects to fold into a cube or geodesic structure. lcosahedral 
geometries can be generated using discrete hexagonal and 
pentagonal segmentations. Display panels could thus be 
folded, unfolded, and utiliZed in a variety of geometries 
depending on the application of interest. Triggering of the 
shape/memory process can be induced using integrated 
heating elements in contact With the shape/memory material 
such that a pre-determined shape can be assumed upon 
engaging the appropriate voltage to initiate electrically con 
ductive heating. 

[0023] Shape/memory/color change adhesives can be 
employed Where a characteristic glue or adhesive can be 
made to simultaneously change shape/properties and/or 
color. In particular, polydiacetylenic pigments or other ther 
mochromic agents can be formulated along With an adhesive 
component Which has a temperature dependence on its 
adhesive characteristics or strength. 

[0024] Particle additives of a variety of shapes and siZes 
can be combined With the shape/memory material to create 
attractive and interesting visual a?fects during the shaping, 
deformation, reshaping or shape memory process. Glitter as 
an additive can be comprised of metaliZed ?lm, iridescent 
?lm, metal particles, thin iridescent glass ?akes, and various 
colored plastic ?lm particles. Other particle additives can 
include lake dyes of various colors, refractive index match 
ing particles, ?uorescent particles, ?uorescent micro-beads, 
magnetic and paramagnetic particles, optically polariZed 
particles and ?lms 

[0025] Depending on the shape/memory material compo 
sition and associated optical/change composition employed, 
it may be desirable to ensure the comprising composition 
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does not stick or adversely adhere to itself during use. 
Lubricating agents or surfactants can be employed to facili 
tate non-stick or adherence properties. By Way of example, 
shape/memory color change ?laments used for arti?cial hair 
can be treated With standard hair conditioner to mitigate 
tangling and facilitate detangling during the shaping pro 
cess. 

[0026] Self-con?guring or morphological changing 
embodiments can be generated using shape/memory/optical 
changing compositions. For example, a ?at or deformed 
layer comprised With shape/memory and/or color shifting 
materials can assume an initial shape. The shape/memory 
component can contain a relief material or additive Which 
harbors an intrinsic shape pre-set in the composition. Upon 
Warming, object Will assume its ?rst state or con?guration 
(eg a factory molded toy con?guration). 

[0027] Woven fabrics comprising shape/color shifting 
composites can be prepared using standard fabric Weaving 
process, knitting process, seWing processes and the like. 
Woven or fabric forms of shape/memory compositions and 
shape/memory compositions integrating color/optical 
change materials can be used in garments, sWimWear, toy or 
doll clothing, footWear, military garments, exercise Wear and 
garments, indoor and outdoor sporting garments, patches, 
padding, costumes and related embodiments Where it is 
desired to have a temperature dependent shape/memory 
change and/or color shift associated With usage. 

[0028] Fiber optics and optical Wave guides can also be 
incorporated into the shape/memory changing material such 
that the optical properties and effects comprising the ?ber 
optical and/or Wave guide material can be preserved even 
though the composite embodiment may undergo a signi? 
cant structural or shape change. For example, a series of thin 
?ber optic strands may be positioned in parallel along the 
plane of a shape/memory composite. The strands may be 
laminated of embedded into the shape/memory material 
such that only the beginning and ends are free and un 
embedded. Light may be transmitted into the optical ?bers 
from one end and emitted from the other end. As the shape 
memory material is transitioned from one shape to another, 
the illuminating light pattern from the emitting end can be 
made to change its pattern and form. Unique optical effects 
can be achieved from the emitted light pattern. 

[0029] By Way of further example, hair on a doll may be 
comprised of a ?ber optic internal core along the length of 
the strand. The ?ber optic strand may be coated With an outer 
sheath of shape memory material such that each end of the 
hair strands expose both ends of the ?ber optic internal core. 

[0030] Fiber optic and Wave guide materials may be 
selected to possess both the light guiding properties of 
guiding and directing light and as a relief material Which 
provides the embodiment With incremental force for resum 
ing an initial shape. 

[0031] Miniature light emitting diodes and associated cir 
cuits can be included or imbedded Within the plural com 
posite such that the led Will go on or off depending on the 
shape or shape change of the embodiment of application. 
The led may begin ?ashing When a certain shape is assumed 

[0032] A multiplicity of plural shape and optical effects 
can also be achieved by incrementally adding one or more 
color change and other optically recogniZable components. 
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For example, a shape memory material can be admixed With 
a thermochromic material as Well as a refractive index 

changing material such as micro-particulate mica. The 
shape/color/optical effect can be sequential. Initially, the 
comprising composition Will have a starting color and shape 
beloW the softening temperature of the shape/memory mate 
rial. Likewise, the optical refractive index of the micro 
particulate mica Will have an initial visual re?ectivity. As the 
temperature is increased, the color change of the thermo 
chromic material can be selected to change ?rst. The shape 
change of the shape/memory change material can be set to 
change second. Upon the ?nal shape change and during the 
shape changing process, the re?ectivity of the micro-par 
ticulate material Will subsequently change. The sequential 
e?fect give rise to a continuum of physical and optical 
elfects. Likewise, the effects can be reversed upon cooling 
and/or reheating and reshaping and subsequent return to the 
initial shape and starting temperature. 

[0033] The plural composite materials can be co-formu 
lated, co-extruded, co-mixed, laminated together, painted or 
coated, printed, fused, or the like to make the desired output. 
Injection molding process can be used to conveniently mold 
high volume applications With Well de?ned initial con?gu 
rations. Sheet extrusion and forming can be used to create 
?at Well de?ned sheet thicknesses and textures. Filament 
extrusion and draWing can be conveniently used to create 
thin strands and hair-like thicknesses and properties. BloW 
molding can be used to create cavitated molded forms such 
as three dimensional enclosures. Thermoforming can be 
used to create cavitated open three dimensional embodi 
ments. Pressure molding and forming can be used to create 
simple solid forms. Any of a variety of forming and molding 
techniques can be used to form initial shapes for the shape/ 
memory color change plural composites. 

[0034] Shape-memory plastics can be deformed from 1% 
to 500%. More usually they deform from 10% to 400% and 
typical applications call for deformation from 100% to 
300%. The degree of desired deformation Will depend on the 
application of interest and the capabilities of the shape/ 
memory composition selected for a particular embodiment. 

[0035] The shape memory changing composite can be 
formulated for various temperature effects and temperature 
settings from =50° F. to high temperatures above about 500° 
F. In representative embodiments, the desirable shape/ 
memory change is formulated to be set betWeen about 10° F. 
and about 300° F. In representative embodiments, the tem 
perature Will be set betWeen about 32° F. and about 200° F. 
and more usually betWeen about 50° F. and about 130° F. 

[0036] Shape/memory material can be purchased from 
vendors such as BASF, DuPont, Bay Materials or the like. 
Shape/memory composites can be made With shape/memory 
plastics, vinyl, high and loW impact plastics exotic polymers 
used for various industrial applications, epoxy resins Where 
various ratios betWeen the epoxy and hardener can be 
utiliZed, metals and metal alloys, bi-metal materials used in 
thermometers, comprised With components including rub 
bers, silicon-based materials, certain ceramic materials, 
pressure sensitive material, stampable materials, biologi 
cally compatible materials, carbohydrate based materials, 
organic lipophilic materials, Waxes, biologically active 
materials, certain tissues such as muscle, skin or hair, 
bio-absorbable materials, glass compositions, ingestible 
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materials, resins, epoxy-based composites and resins, glue 
and adhesive compositions, polyurethanes and derivatives 
(Mitsubishi Heavy Industries, Japan), shape memory alloys, 
shape-memory plastics (mnemoScience, Aachen, Germany), 
oligo-dimethacrylate, n-butylacrylate and related polymeric 
plastics, thermoplastic elastomers, networking polymeric 
systems, classes of polyesters, polymers based on monomers 
comprised With L,L-dilactide, diglycolide, and p-dioxanone, 
thermoplastic multi-blockco-polymers, macrodiols, 
homopolymers of lactide or glycolide compositions, or 
copolymers of lactide and glycolide groups, chiral and 
non-chiral polymers, polyvinyl chloride compositions, poly 
ethylene terephthalate and analogs, and related materials 
possessing shape/memory characteristics. 

[0037] Foam-based compositions can be formulated 
Where closed or open cell compositions comprise a rigid 
con?guration at loWer temperatures and a spongy pliable 
foam-like con?guration at elevated temperatures. The 
shape-changing composition can be foamed With air by 
means of air inclusion during mixing, differential pressure 
injection, addition of foaming agents (eg those used for 
injection molding), and the like. Shape changing composi 
tions can contain from 0% air to 90% air depending on the 
application of interest. 

[0038] Foam-based compositions have the advantage of 
providing increased volume an a per pound cost basis. 
Foam-based compositions can be used for various toy and 
game applications Where the spring-back of encapsulated air 
provides an array of play and molding options. Foam-based 
compositions can be used as temperature dependent actua 
tion means Where a compressed foam does not expand until 
a certain temperature is achieved. When a desired tempera 
ture is achieve, the composition material re-orients to a 
desired dimension. 

[0039] Air pocketed laminates can be prepared such as 
those used in packaging materials. Air pocketed laminates 
can be prepared by laminating periodically dimpled sheets 
of shape-changing materials together such that the dimpled 
regions entrap a desired amount of air. Pressure heat sealing 
can be used as a means for laminating a top layer to a bottom 
layer. Air can be hermetically sealed in the process. Air 
pocketed laminates can ?nd a variety of utilities and uses. 
Color/shape/memory air pocketed laminates can be used for 
modeling, forming and free play for children. Like-Wise, air 
pocketed laminates can be used for packaging and retaining 
items to be shipped. In the Warmed state above ambient 
shipping conditions, the laminate can be used to precisely ?t 
around an object. When cooled, the laminate Will form a 
snug solid ?t around the object for shipping. The process can 
be reversed to release the object once it has been delivered. 

[0040] Organic polymeric groups can range in molecular 
Weight from less than about 1000 g/mol to more than about 
10,000,000 g/mol. The shape/memory plastic selected, poly 
mer composition and degree of polymerization Will depend 
on the application of interest. 

[0041] The shape changing material may be comprised by 
a composition Which reversibly changes from one con?gu 
ration to another and back again, irreversibly changes from 
one con?guration to another and remains in its ?nal shape, 
or can be formulated to possess intrinsic abilities to undergo 
various permutations With and Without having memory of its 
initial or ?nal con?guration. 
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[0042] The absolute shape/memory change setting Will 
depend on the product application of interest. For example 
bath toys have been prepared Which change color and 
shape/color When Warmed to about 1000 F. At room tem 
perature or beloW, the toy Will have a solid plastic-like feel. 
The color or hue can be adjusted to correspond to a desired 
visual attractiveness for the toy. When the toy is touched, or 
exposed to temperatures near body temperatures (e.g., 
75-90° F.) the corresponding color and shape Will begin to 
change. The plastic embodiment Will become softened and 
begin to deform. LikeWise, the thermochromic material 
comprising the composition along With the shape/memory 
plastic Will visually change color corresponding to the rise 
in temperature. When completely Warmed above the soft 
ening temperature of the shape/memory material, the toy 
Will be completely deformed to Whatever con?guration 
desired. When chilled back to room temperature or beloW, 
the plastic shape/color change embodiment Will harden into 
its deformed con?guration. LikeWise, the toy Will change 
color reversibly back 

[0043] Reversible and irreversible versions of the color 
change agent can be employed depending on the desired 
embodiment of interest. Reversible agents can be employed 
Where it is desirable to have a multi-use effect or reuse the 
color change effect. For example, toy products With contin 
ued and repeated play value Will ?nd use of a reversible 
color change component comprising the ?nal embodiment. 
In this case it Would be desirable to utiliZe a reversible 
thermochromic or luminescent material Which can be 
repeated during usage. In another example, it may be 
desirable to record a single color change permanently. In this 
case, it Would be desirable to utiliZe a thermochromically 
irreversible material Which changes from one color to 
another giving rise to a permanent massage. 

[0044] Shapes can be made to change sloWly or With rapid 
response time by adding relief layer composites, embedded 
springs, ?exible stays, or relief additives. The relief layer or 
additive acts to accentuate a shape/memory effect. For 
example, a stiffened plastic thread can be coated With a 
shape memory material Whereby the coating Will be mold 
able at a temperature setting. Once molded and chilled to set 
the desired shape, the ?xed shape strand Will hold its 
con?guration until it is Warmed above the softening tem 
perature of embodied composition. The softened shape/ 
memory material Will permit the stiffened plastic thread to 
resume its original structure and extend to its original 
position. 

[0045] The shape/memory material and associated relief 
layer material can be formulated With 95% relief material to 
5% shape/memory material. More usually With 50% relief 
material and 50% shape/memory material. Typically the 
shape/memory material Will comprise from 60 to 100% of 
the composition. The exact ratio of shape/memory material 
to relief material Will depend on the desired ?nal property of 
the embodiment or application of interest. The con?gura 
tion, shape/memory composition, relief composition, and 
method for adjoining each component should be considered 
When designing the ?nal embodiment. 

[0046] The shape/memory/optical material can be com 
prised With an elastomeric material such that the elastic 
properties of the elastomer can be utiliZed to create spring or 
rubber band-like function. An associated elastomer can be 



US 2007/0259598 A1 

stretched along With the entire comprising composition 
above the softening temperature of the shape/memory mate 
rial. A shape can be enforced once the composition is made 
stilf at below the softening temperature of the shape/ 
memory/optical material. Upon elevating the temperature of 
the composition above the softening and/or optical change 
transition temperature, the entire composition Will respond 
elastically to its original con?guration and optically visual 
appearance. 

[0047] The shape/memory/optical material can be com 
prised as above With a ?exible metal or plastic spring such 
that the spring Will facilitate the conformational changes that 
the plural intrinsic composite undergoes. Any of a variety of 
other ?exible, semi-rigid, elastomeric, load bearing, torsion 
bearing, friction bearing, or related materials can be 
employed as a facilitating means to impose initial and ?nal 
conformations on the plural intrinsic shape/memory/optical 
change composition. By Way of example, a sponge-like 
foam can be coated or contained Within the shell of a 
shape/memory/ optical change material such that a shape can 
be imposed and solidi?ed by heating and cooling in an 
intended shape. Subsequent heating and softening Will cause 
reformation to the initial molded shape assisted by the spring 
action from the entrapped foam lattice. 

[0048] Similar compositions of the thermal sWitching/ 
responsive material in combination With a color-shift report 
ing element provides for a neW composition With intrinsic 
capabilities of both changing its physical properties such as 
solid to liquid phase transition, viscosity, hardness, and 
related physical parameters as Well as a change in its visual 
color appearance characteristics such as color hue, color 
density, opacity, and related optical characteristics. These 
plural compositions have multiple applications in areas 
including adhesives, medical implants, industrial composi 
tions for engineering and electronics, game applications for 
neW color-shifting toys, materials applications for neW 
building compositions including household and commercial 
applications, as Well as other retail commercial and indus 
trial applications. 

[0049] Temperature changes can be introduced With Water, 
air, electrically conductive circuits, heat lamps, radiating 
heat sources, microWave heating Where the shape/memory 
material has a microWave reactive component present, fric 
tional heat induction, chemically induced heating, laser 
optically induced heating, semiconductor laser optically 
induced heating, resistive heating elements, Peltier plate 
induced heating, ?uid circulating heating sources, solar 
heating, directed or open ?ames, burning rocket propellant, 
various forms of contact and conductive heating, heating 
body contact and the like. 

[0050] Electrically conductive heating elements can be 
employed Where conductive and/or resistive heating inks are 
printed into various or speci?c patterns to achieve a desired 
localiZed or patterned heating location on the embodiment. 

[0051] The shape/memory and/or color change materials 
Will comprise from 0.01% to 100% of the embodiment. 
More usually, the shape/memory and/or color change mate 
rials Will comprise from 0.1 to 100% and typically comprise 
from 1% to 100%. 

[0052] The ?nal embodiment can be comprised With local 
iZed portions of the shape/memory and/or color change 
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comprising material such that hinges, localiZed deforma 
tions, bends, protrusions, bulges, patterns, designs, exten 
sions, and the like can be effected Whereas the remaining 
portion of the ?nal embodiment is unaffected by the shape/ 
memory and/or color change process. 

[0053] Shape/memory materials can be comprised With 
inert plastics, strained Wood, polymeric composites, foods, 
lift-off layers adhered to food layers Whereby the food Will 
change shape When the shape/memory material changes 
shape. For example, a sugar layer, edible paper layer, 
fondant layer or the like can be coated on a thermally 
responsive shape/memory material. The edible layer can be 
plain or colored With food color. Alternatively, the edible 
layer can be printed using a screen printing or ink jet printing 
method to create a graphic image, pattern, message or the 
like. When the laminate is exposed to heat, the shape/ 
memory material Will correspondingly change shape to a 
desired con?guration. Graphics printed on the edible layer 
can be initially generated such that they are accurately 
displayed after the shape change has occurred. Prior to the 
shape change, the graphic may be confused, scrambled, or 
distorted. The shape/memory change process provides an 
attractive means to create neW interactive food groups. 

[0054] The color change or optical change agent can be 
formulated to conform to a desired color change at a 
predetermined temperature setting. The tWo effects, includ 
ing shape and/or color change, can Work synergistically to 
achieve a desired product effect. The temperature settings 
for color and shape change can be designed into the embodi 
ment of interest such that the color and shape change occur 
at the same temperature or different temperatures. It may be 
desirable for the color change to occur prior to the shape 
change during the temperature elevation process. Altema 
tively, it may be desirable for the shape change to precede 
the color change during the temperature elevation process. 

[0055] Agents used for the color or optical change process 
can have an abrupt color change Within 1 to 2 degrees 
centigrade or can have hue change continuum over a sub 
stantially larger temperature range. Color changes can be 
formulated to occur from Within about 01° F. to about 400° 
F. range, including from about 1° F. to about 200° F. range, 
and such as Within a 5° F. to 100° F. range. 

[0056] The shape/memory composite may be transparent, 
opaque, or have a pre-determined level of opacity. The 
composite my have non-changing colors or stationary colors 
added to create pre-determined initial colorations. Single or 
multiple color changes and/or hue changes can be utiliZed 
such that the color change can re?ect different temperature 
achieved as Well as different physical states for the shape/ 
memory material being employed. 

[0057] Plural intrinsic shape/memory/optical shift compo 
sitions ?nd use in toy applications Where the toy is played 
With, Warmed or cooled and the resulting toy changes both 
shape and color, games, dolls, doll components, toy and doll 
accessories, re-siZable and reshapeable action toys, indoor 
and outdoor toys, bath toys, arts and crafts applications, 
transient molding materials for making temporary molds, 
personnel care products, temperature monitoring devices, 
house-hold products, appliances, packaging materials, 
industrial monitoring devices, sWitches and fuses, child 
safety products, steriliZation indicators, cooking devices, 
reusable thermometers, physiologic thermometers, process 
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control monitors, athletic equipment, medical devices such 
heart stints and catheters Which require a shape change or 
expansion Which can be reversed, merchandise displays, 
adhesive mechanisms, swimming pool accessories, bever 
age bottles, collapsible containers for food storage and 
general storage, cook Ware utiliZing a desired elevated 
color/shape change, moldable athletic equipment such as 
skis, sWimming gear, moldable personnel accessories such 
as jewelry, eye Ware, head and foot gear Which can be 
recon?gured or shaped for different purposes, tubing and 
piping for gas and liquid ?oW Which indicates ?oW Where 
How is affected by temperature, exercise training gear Where 
stilfening or softening can be regulated to increase or 
decrease physical exertion, battery testing devices Where 
poWer levels can be indicated by both a shape and optical 
change, ?re safety devices, and the like. 

[0058] Various shapes and colors can be pre-set for vari 
ous applications. For toys, it is desirable to use color/shape 
changing plural composites Which shift color and shape 
under physiologic or close to ambient conditions that Would 
normally be encountered during toy play. Examples include 
indoor and outdoor play, bath toys With Warm and cool Water 
elfects, sWimming pool toys, toys With mild heating ele 
ments or light heating ovens for induced heating. 

[0059] For certain toy, game, craft, entertainment, opera 
tions, prototyping, and related applications, it Will be desir 
able to utiliZe a mold ?xture device in combination With the 
shape/memory/ optical change material to create Well 
de?ned structured, featured, patterned, shaped, contoured, or 
three-dimensional objects. For example, toy manufactures 
could provide and sell both the shape/memory/optical 
change material in a sheet form as Well as a simple to use 
molding station to create fun shape/color changing designs, 
patterns, play ?gures, dolls, action ?gures, toy trucks or cars, 
heads, toy robots and/ or parts, toy airplanes, learning pieces, 
3-d puZZle pieces, hats, dishes, cups, building pieces, animal 
or bird shapes, ?oWer or insect shapes or any of an unlimited 
variety of toy examples. 

[0060] The shape/memory/color changing kit could 
include pre-cut pieces of shape/memory/color change 
sheets. The sheets could be plain or pre-printed and die cut. 
Printed varieties could include images Which appear ?at 
tened and distorted until molded into the designated or 
intended shape. Die cut patterns or shapes could include 
score marks, relief lines, and cuts intended to facilitate the 
molding and contouring process. The pre-cut pieces could be 
siZed according to the manufactures speci?cations to be used 
With a molding station. 

[0061] The molding station can comprise a means by 
Which a pre-cut sheet can be inserted into an insert Zone. The 
insert Zone Would help to orient the sheet. A shaping or 
molding form could be positioned beloW the sheet insert 
Zone and a conforming upper mold form similarly shaped to 
the loWer form could be positioned immediately above the 
sheet insert Zone. The con?guration provides a means to 
form a sandWich including the upper form, the shape/ 
memory/color changing sheet, and the loWer mold form. The 
system can provide a means to rapidly heat the sheet, 
sandWich and compress the sheet from a planar tWo-dimen 
sional shape to a contoured three-dimensional shape, and a 
cooling means by Which to solidify the shape/memory/color 
change material into a desired design. 
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[0062] The molding station can be designed in different 
Ways to use hot and/ or cold air, hot and/ or cold Water, radiant 
heat along With a cooling means, or any of a variety of cost 
effective and reliable heating and cooling means depending 
to the various applications of interest. The molding station 
can also come With easy to remove and replace upper and 
loWer molding forms such that different objects can be 
shaped as desired. This con?guration provides the manufac 
turer With an on-going source of extending the product line. 

[0063] Objects such as toys or crafts items can be shaped, 
annealed and solidi?ed into designated forms and kept that 
Way for use or re-?attened and shaped by a person using the 
system. Toys, for example, could be formed, played With, 
and then ?attened again for storage. 

[0064] Embodiments can include electrically conductive 
heating elements for inducing the heating/shape/color 
change. The electrical conductive circuit can be oriented on 
the embodiment or application of interest such that the 
circuit provides heat When a voltage is supplied; the applied 
heat results in a temperature necessary to induce a color and 
shape change in the toy. Conducting materials for creating 
integrated predetermined heating elements include silver 
conducting inks and pastes, metal based inks, carbon based 
inks, inks containing indium tin oxide as a conductive 
material or the like. 

[0065] Heating elements can be adhered, contacted, 
stamped, etched, applied using photo lithography, vapor 
deposited, coated, extruded, laminated, pressure sensitively 
applied, taped, painted, molded, sprayed, screen printed, pad 
printed, ?exographically printed, Gravier printed, off-set 
printed, ?ood printed, or applied by any convenient means 
compatible With a production process. 

[0066] Sensing elements such as pieZo-electric devices 
and substrates, radio Wave frequency devices (passive and 
active) Where shape and con?guration can be used to modu 
late reception or transmission, strain gauges, thermocouples, 
resonating devices, receiving and transmitting devices, gal 
vanic monitoring elements, and microelectronic devices. 

[0067] Foamed forms of the shape/memory/optical shift 
ing/changing compositions can be prepared such that the 
composite is in a Styrofoam-like con?guration. Foamed 
forms of the composite can be made using standard foaming/ 
forced air methods. 

[0068] Hard solid/ softened pliable, hard solid/liquid mol 
ten, soften pliable/liquid molten, hard solid stretch/softened 
relaxed, and a Wide range of convenient forms can be 
utiliZed for various product embodiments Which require 
speci?c characteristics and properties. 

[0069] A Wide variety of combinations and permutations 
of shape changing plastic/optical component additives can 
be utiliZed for varying product applications. Single optical 
agents can be used alone With a shape changing plastic or in 
combination With one or more additional selective optical 
agents. A Wide range of plural property changes can be 
derived that can be engineered to occur simultaneously or 
sequentially. 

[0070] Shape memory polymers can include polynor 
borene, polyisoprene, styrene butadiene, and polyurethane 
based materials and vinyl acetate, and polyester-based com 
pounds. A variety of formulations and derivations can be 
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compounded. Exemplary polyethylene and polypropylene 
vinyl acetates (Du Pont Corporation, Ato?na Corporation, 
Canada) can be used as ?ller compositions, to add rubber 
like characteristics, to add elasticity, to increase or decrease 
transition temperatures and the like. Polyethylene and 
polypropylene vinyl acetates are readily mixed into a Wide 
range of compositions (3000 F. or beloW). 

[0071] By Way of example, but not limitation, base ther 
moplastic polyurethanes, polyesters, and related composi 
tions typically used for lamination adhesives and coatings 
(Mor-EsterTM 49000-P polyester, Rohm And Haas Corp., 
EstaneTM solution and hot melt applications compositions 
including 5703, 5719, 5714, 5701, 5708, 5714, 5707, 5715, 
and 5778, and TecothaneTM aliphatic compound OP series 
OP600 (Noveon Corp.) can be used as base materials for loW 
temperature shape-changing plastics. 

[0072] Capero-lactones, and related thermoplastics that 
have putty-like characteristics at moderately high tempera 
tures (e.g. ProtoplastTM, WFR Aquaplast Corp.) and gum 
bases that have putty-like characteristics at loWer tempera 
tures (e. g. Dreyco base and related gum bases, L. A. Dreyfus 
Corp.) can be used as starting materials for high temperature 
(140° F. or greater) and loW temperature putty bases (1400 
F. or loWer). 

[0073] Polymer compositions can be further cross-linked 
for increased temperature settings, durability, structural 
strength, and related properties Which can impart a desired 
effect on the polymer’s structure and character. Cross 
linking, irradiation, repeated heat annealing, and compound 
ing methods can be utilized. 

[0074] Thermoplastic compositions that can be used as 
additive plastics include, but are not limited to: polyvinyl 
chloride (PVC), various polyole?ns, such as polypropylene 
and polyethylene, cross-linked high-density polyethylene 
(XLPE), softened acrylic, polycarbonate, ABS, thick Kap 
tonTM tape materials, Te?onTM (tetra?uoroethylene TFE and 
?uorinated ethylene polypropylene FEP)-based materials, 
brand names such as Kydex, polystyrene, thermoplastic 
polyesters, nylon, styrene-butadiene, epoxy casts, polybu 
tylene, TPX (poly(methyl pentene), PETE, PETF, polyeth 
ylene teraphthalate G copolymer (PETG), polysulfone 
(PSF), polyutethane (PUR) ThermanoxTM (TMX), polym 
ethylmethacrylate, and the like. 

[0075] Specialty polymeric compositions can be custom 
ized and developed for speci?c purposes. Specialized and 
customized materials and compounded compositions design 
and formulations can be commissioned and supplied (Bay 
Materials Ltd., CA, Landec Corp., CA). Custom synthetic 
starting materials, cross-linking agents, compounding mate 
rials, compounding mixtures, additives, processing tech 
niques, treatments, methods for conditioning, processes, 
processing equipment, processing techniques and the like 
can be used for creating neW forms of shape and memory 
plastics and putties. 

[0076] Adjustment of Hardening/ Softening Putty Charac 
teristics: 

[0077] The softening/hardening characteristics of color/ 
shape/memory putty can be adjusted by altering the ratios of 
thermoplastic to gum base. A ?xed concentration of optical 
pigment such as a thermochromic pigment, photochromic 
pigment, photo-luminescent pigment, glitter, or other color/ 
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optical dye/agent is added at a ?xed ratio for a desired 
optical e?‘ect. 

Protoplast TM Dryco TM base 
Thermoplastic Gum 

100% 0% Hardened high temperature putty 
95% 5% 
90% 10% 
85% 15% 
80% 20% 
70% 30% 
65% 35% 
60% 40% 
55% 45% 
50% 50% Medium temperature putty 
45% 55% 
40% 60% 
35% 65% 
30% 70% 
25% 75% 
20% 80% 
15% 85% 
10% 90% 
5% 95% 
0% 100% LoW temperature putty 

[0078] Adjustment of Hardening/Rubberized Putty Char 
acteristics: 

[0079] The softening/rubberized characteristics of color/ 
shape/memory putty can be adjusted by altering the ratios of 
thermoplastic to gum base. A ?xed concentration of optical 
pigment such as a thermochromic pigment, photochromic 
pigment, photo-luminescent pigment, glitter, or other color/ 
optical dye/agent is added at a ?xed ratio for a desired 
optical e?‘ect. 

Evatane TM Protoplast TM 

Polyvinyl acetate Thermoplastic 

100% 0% Highly rubberized character 
95% 5% 
90% 10% 
85% 15% 
80% 20% 
70% 30% 
65% 35% 
60% 40% 
55% 45% 
50% 50% Medium rubberized character 
45% 55% 
40% 60% 
35% 65% 
30% 70% 
25% 75% 
20% 80% 
15% 85% 
10% 90% 
5% 95% 
0% 100% Hardened plastic character 

[0080] Adjustment of Plastic/Putty Characteristics: 

[0081] The plastic-like/putty-like characteristics of a 
color/shape/memory composition can be adjusted by alter 
ing the ratios of thermoplastic to putty base. A ?xed con 
centration of optical pigment such as a thermochromic 
pigment, photochromic pigment, photo-luminescent pig 
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ment, glitter, or other color/optical dye/agent is added at a 
?xed ratio for a desired optical effect. 

Estane 5778 TM Protoplast TM 

(TPU) Thermoplastic 

100% 0% Complete molded shape memory 
95% 5% (reversible below transition temp.) 
90% 10% 
85% 15% 
80% 20% 
70% 30% 
65% 35% 
60% 40% 
55% 45% 
50% 50% 
45% 55% 
40% 60% 
35% 65% 
30% 70% 
25% 75% 
20% 80% 
15% 85% 
10% 90% 
5% 95% Complete loss of mold memory 
0% 100% (irreversible at melting transition) 

[0082] Additional Chromic Change Agents and Optical 
Components Materials: 

[0083] Color/shape/memory plastics or putties can be 
modi?ed to contain various concentrations of optical change 
agents. Optical change agents and stimulating agents can be 
present in a toothpaste matrix from greater than 50% to as 
loW as 0.01%. More usually, the agents Will be present at 
50% to 0.1%. Typically, the agents Will be added at betWeen 
25% and 0.5% and most often betWeen 10% and 1%. The 
application of interest, desired coloration, dye or pigment 
intensity and optical density, type of optical change agent, 
and costing considerations help in determining the concen 
tration to be used. 

[0084] Alternative thermochromic materials can be uti 
liZed including, but not limited to: light-induced metastable 
state in a thermochromic copper (ll) complexChem. Com 
mun., 2002, (15), 1578-1579 under goes a color change from 
red to purple for a thermochromic complex, [Cu(dieten)2] 
(B134)2 (dieten=N,N-dimethylethylenediamine); encapsu 
lated pigmented materials from Omega Engineering Inc.; 
bis(2-amino-4-oxo-6-methyl-pyrimidinium)-tetrachlorocu 
prate(ll); bis(2-amino-4-chloro-6-methylpyrimidinium) 
hexachlorod-icuprate(ll); cobalt chloride; 3,5-dinitro sali 
cylic acid; leuco dyes; spiropyrenes, bis(2-amino-4-oxo-6 
methylpyrimidinium)-tetrachlorocuprate(ll); bis(2-amino 
4-chloro-6-methylpyrimidinium) hexachlorod-icuprate(ll); 
cobalt chloride; 3,5-dinitro salicylic acid; leuco dyes; spiro 
pyrenes, bis(2-amino-4-oxo-6-methylpyrimidinium) tetra 
chlorocuprate(ll) and bis(2-amino-4-chloro-6-methylpyri 
midinium) hexachlorodicuprate(ll), benZo- and 
naphthopyrans (Chromenes), poly(xylylviologen dibromide, 
di-beta-naphthospiropyran, Ferrocene-modi?ed bis(spiropy 
ridopyran), isomers of 1-isopropylidene-2-[1-(2-methyl-5 
phenyl-3-thienyl)ethylidene]-succinic anhydride and the 
Photoproduct 7,7adihydro-4,7,7,7a-tetramethyl-2-phenyl 
benZo[b]thiophene-5,6-dicarboxylic anhydride, and the like. 
Encapsulated leuco dyes are of interest since they can be 
easily processed in a variety of formats into a plastic or putty 
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matrix. Liquid crystal materials can be conveniently applied 
as paints or inks to surfaces of color/shape/memory com 

posites. 

[0085] Photochromic dyes can ?nd use in a variety of 
color change mediums and formats. Photochromic materials 
can include but are not limited to dyes including: 1,3 
Dihydro-l ,3 ,3 -trimethylspiro[2H-indole-2,3'-[3H]phenan 
thr[9,10-b](1,4)oxaZine]; bicyclo[2.2.1]hepta-2,5-diene; 
benZyl viologen dichloride; 4,4'-bipyridyl; 6-bromo-1',3' 
dihydro-1',3',3'-trimethyl-8-nitrospiro[2H; 5-chloro-1,3-di 
hydro-1,3,3 -trimethylspiro[2H-indole-2,3'-(3H)naphth[2,1 
b](1,4)oxaZine]; 6,8-dibromo-1',3'-dihydro-1'3',3' 
trimethylspiro[2H; 1,1'-diheptyl-4,4'-bipyridinium 
dibromide; 1',3'-dihydro-5'-methoxy-1',3',3'; 1',3'-dihydro 
8-methoxy-1',3'3'-trimethyl-6-nitrospiro[2H]; 1',3'-dihydro 
1'3',3'-trimethyl-6-nitrospiro[2H-1-benZopyran-2,2'-(2H) 
indole]; 1,3-dihydro-1 ,3,3-trimethylspiro[2H-lndole-2,3' 
[3H]naphth[2, 1 -b 1 ,4]oxaZine]; 1,1'-dimethyl-4,4' 
bipyridinium dichloride; 5-chloro-1,3-Dihydro-1, 3,3 
trimethylspiro[2H-indole-2,3'-(3H)phenanthr[9,10-b](1, 
4)oxaZine]; 5-methoxy-1, 3,3-trimethylspiro[indoline-2,3' 
[3H]naphtho[2,1-b]pyran]; 2,3 ,3 -trimethyl- 1 -propyl-3H 
indolium iodide and the like. 

[0086] Photo-luminescent compounds can ?nd use in a 
variety of color change mediums and formats. Photo-lumi 
nescent compounds can include, but are not limited to, a 

variety of materials. Greens, green blue and violet can be 
made With alkaline earth aluminates activated by rare earth 
ions. By Way of example, strontium aluminate can be 
activated using europium (SrAl03:Eu). Visual Wavelengths 
can include: green at 520 nm, blue-green at 505 mm, and 
blue at 490 mm. Red and orange colors can be generated 
With Zinc sul?de. 

[0087] Fluorescent dyes can ?nd use in various product 
applications and mediums and formats. Fluorescent dye 
compounds can include, but are not limited to: ?uorescein, 
?uoresceine, resourcinolphthalein, rhodamine, imidaZolium 
cations, pyridoimidaZolium cations, dinitrophenyl, tetram 
ethylrhodamine and the like. A Wide range of ?uorescent 
dyes that can be activated at various Wavelengths and emit 
light at loWer Wavelengths can be purchased from Sigma 
Aldrich (Saint Louis, Mo.) or Molecular Probes (Eugene, 
Oreg.). 

[0088] Optical change agents can be added in a micro 
particulate poWder form, in a pellet-compounded form, in 
slurries, as a compounded form that Was pre-mixed and 
concentrated With the material it is intended to be added to, 
added as a colorant in a master batch form, applied to a 
molded surface of shape changing plastic as a solvent based 
ink, applied to a surface as an ultra-violet ink and cured With 
ultra-violet light, applied as an adhesive, applied as a 
durable label form, laminated, coated, painted, sprayed, dip 
coated in an ink or coating composition, or any of a variety 
of printing, coating, or colorant additive formats. BeloW 
illustrates a matrix by Way of example but not a limitation 
as to hoW various combinations and permutations can be 
utiliZed: 
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Photo- Photo 
Shape Thermochromic chromic luminescent Iridescent 

X 
X X 
X X 
X X 
X X 
X X X 
X X X 
X X X 

X X 
X X 

X X X 
X X X 

X X X 
X X X 

X X X 
X X X 
X X X X 

X X X X 
X X X X X 

[0089] Additives: 

[0090] Additional additives shown to extend the volume, 
weight, or expanse as well as lower the cost of goods of 
products made of a color/shape/memory plastic or putty may 
include, but are not limited to: silicates, diatomaceous earth, 
sawdust, wood dust, ceramic dust, rubber powder, ?ber glass 
webbing, amorphous materials, glass ?bers, fabric, cloth, 
cheese cloth, netting, screen, cut-out patterned materials, 
?lms, sand, pebbles, paper, nylon powder, plastic powder, 
carbon, talc powder, metal powder, iron powder, aluminum 
powder, magnetic particles, paramagnetic particles, plastic 
micro-particles, micro-capsules, chalk powder, high melt 
temperature plastic particles, insoluble inorganic and 
organic powders, graphite, insoluble organic compounds, 
colorant pellets, insoluble inorganic salts, uniform cellulose 
powder, corn starch, cellulose powders, and the like. 

[0091] Particulate inert extenders are not intended to 
change the physical nature or the shape changing material. 
The extenders can be transparent, opaque, have independent 
optical properties such as thermochromic, photochromic, or 
luminescent characteristics. High temperature plastics such 
as nylon or polyesters can be utilized in a powder form and 
used as extenders. Extenders can include foaming agents 
that are capable of generating a high volume of entrapped 
arr. 

[0092] Alternatively additives can be utilized to change or 
modify a property of a color/shape/memory composition. By 
way of example, oils, lubricants, surfactants, waxes or the 
like can be added to a putty to reduce stickiness. Emulsi?ers 
can be added to improve consistency and as an aid for 
mixing. Fragrances can be added to alter a smell sensation 
during use. Gum bases may be added to increase pliability. 
Encapsulating elements may be added to provide a carrier 
means for adding non-miscible materials. 

[0093] Shape changing/ color changing plastics and putties 
may be impregnated, laminated, conjoined, permeated, 
treated onto, dispensed onto, hot melted into, or otherwise 
integrated into various fabrics, knitted materials, felts, ?an 
nel, wire mesh, wire screen, plastic screen, fabric tapes, 
woven materials and non-woven materials, porous planar 
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and pliable substrates, stretchable nylon, water resistant 
fabrics, denim, canvas, nylon webbing, or the like. In doing 
so, the shape/memory/color change material may take on 
some of the added properties of the compliant substrate. For 
example, a color/shape/memory plastic can be hot laminated 
onto a knitted nylon fabric. The plastic will be both strength 
ened and become more compliant with the included nylon 
than if the color/shape/memory plastic was comprised with 
out the nylon fabric. Colored, patterned, and lace-like mate 
rials can be coated or impregnated with a color/shape/ 
memory plastic to take on the color, pattern, or lace-like 
characteristics of the fabric. Integration with a fabric or 
pliable substrate can have the added bene?t of reducing 
pricing and yet increasing intrinsic strength. 

[0094] Additives can be co-mixed into compositions, 
coated on compositions, applied as topical treatments or the 
like depending on the additive and its intended application. 
For example additives may provide structural integrity 
through reinforcement. Additives may provide protection 
against environmental effects such as intense light. Ultra 
violet light may cause premature discoloration. Ultraviolet 
light inhibiting agents such as para-amino-benzoic acid or 
nano-particulate zinc oxide may be added to reduce photo 
bleaching and promote longer outdoor lifetimes. Chemical 
resistive agents may be added to improve solvent or chemi 
cal resistance. Additives that protect against high-impact 
may be added as reinforcing agents. Brighteners may be 
added to improve a color contrast and improve an appear 
ance. Mold releasing agents can be added to the composition 
to improve release from a forming mold during processing. 

[0095] Additives will be used at concentrations and per 
centages that are suitable to meet the intended requirements. 
In addition, it will be important to add ancillary agents at a 
level that does not negatively impact the intended function 
ality of a designed optical/shape/memory change composi 
tion. Additives may constitute between 0% to 95% of the 
total mass of a composition. Usually, additives will consti 
tute 0.01% to 90% mass. More usually, additives will ?nd 
use between 0.1% and 75%. Typically, additives will be used 
between 1% and 50% of the total mass. 

[0096] Molding Processes: 

[0097] Compression molding can be used with molds that 
contain high temperature resistant plastic molds, anodized 
aluminum molds, non-stick coated aluminum, polished 
stainless steel, KaptonTM, Te?onTM, ceramic, mold releasing 
agents coated on molds, molds coated with mold releasing 
agents. Injection molding can be used where single or 
multi-cavity molds, vertical molds, horizontal molds, single 
composition or multi-component molds, complex interlock 
ing molds, hot-runner molds, cold runner molds, or the like 
can be employed. Blow molding, rotary molding, thermo 
forming, combination compression-thermoforming, and 
related molding process can be used where convenient. 
Stamping, rod or ?lament drawing, extruding, or other 
process may be utilized. Awide variety of convention plastic 
molding process as well as custom molding processes may 
?nd use. 

[0098] Optical Light Guiding Applications: 

[0099] Optical screens and light sources can be used in 
connection with optically transmitting shape changeable 
plastic shaped pieces. Direct optical coupling can be made 
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between the light source of interest and the optically trans 
mitting shape changeable plastic. Light sources can include 
incandescent, ?uorescent, ultraviolet, light emitting diodes, 
sun light, electroluminescence, cathode ray tubes, back lit 
liquid crystal displays, high de?nition television screens, 
common computer terminals, and a variety of other pro 
jected light sources. 

[0100] Shape changing prisms can be utiliZed Whereby the 
light guided into and out of prisms can be adjusted but a 
person or child utiliZing the optical shape changing plastic 
item. Lenses can be created that can be directly or indirectly 
used to vary the focal effects of a lens made With the optical 
shape changeable plastic. Fiber optic rods can be created that 
guide light and images and can be physically softened or 
hardened into a con?guration of interest in order to maxi 
miZe an effect or optical output. Shape changeable 
Waveguides can be constructed using optically clear shape 
changeable plastics. Waveguides can ?nd use in electronic 
and opto-electronic applications. 

[0101] Holographic imprints can be made in a surface of 
an optically clear shape changeable plastic. Holograms can 
be printed on a planar piece, on a contoured piece, or around 
the circumference of a piece. The hologram can be made to 
shift appearance under a Wide range of contortions due to the 
shape changeable characteristics of the shape changeable 
plastic substrate. 

[0102] Heating/Cooling Sources: 

[0103] Heating sources can include but are not limited to: 
solar heating, heating by hand, heating by breath, heating 
With Water, heating With microWaves, heating With radiant 
heat, heating With integrated heating elements, heating With 
a bloW drier, heating With chemically generated heat, heating 
With a Peltier plate and the like. Heating processes can 
include light generated heat Whereby an optical source can 
excite a heat generating pigment in the plastic composite. As 
light is absorbed, heat is released from the pigment to locally 
heat the composition Where it is illuminated. Non-optically 
emitting heat radiating nano-composites may ?nd use for 
generating secondary optical effects in thermochromic pig 
ments. 

[0104] The folloWing examples are offered by Way of 
illustration and not by Way of limitation. 

EXPERIMENTAL 

Part A. 

[0105] l. Thermochromic pigment for adding to ink bases 
or direct addition to shape/memory compositions: A ther 
mochromic pigment composition Was prepared by adding a 
pre-polymeriZed polydiacetylenic dimeric amide. The 
dimeric amide Was made from dimeriZing the diacetylenic 
acid 5,7-dodecadiynoic acid With ethylene diamine such that 
tWo acid groups coupled With a single ethylene diamine to 
make the diamined. The dimeric amide Was puri?ed and 
polymerized to a stable pigment using ultraviolet light (254 
nanometers). The material Was readily poWderiZed using a 
standard high-speed blade grinder. The poWderiZed form 
could be readily added at various stages of processing of the 
shape/memory composite. 

[0106] 2. Thermochromic ink composition for coating 
shape/memory materials: A silk screen printing ink compo 
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sition Was prepared by adding a pre-polymeriZed polydi 
acetylenic dimeric amide. The dimeric amide Was made 
from dimeriZing the diacetylenic acid 5,7-dodecadiynoic 
acid With ethylene diamine such that tWo acid groups 
coupled With a single ethylene diamine to make the 
diamined. The dimeric amide Was puri?ed and polymerized 
to a stable pigment using ultraviolet light (254 nanometers). 
The pre-polymeriZed diamine Was added at a 10% by Weight 
to a general purpose silk screen ink base (NaZdar Ink Corp.). 
The mixture Was mixed to homogeneity and stored for use. 
At room temperature, the formulated ink appeared magenta 
in color. Upon cooling, the ink shifted its optical character 
istics to a purple/blue color. Upon heating, the ink transi 
tioned to a red/orange color. The formulated Wet solvent 
based ink remained stable and exhibited reversible thermo 
chromic characteristics at room temperature and only irre 
versibly tumed color if heated above 150 F. The ink base 
When dried retained its reversible thermochromic color 
change ability up to 250 F. 

[0107] 3. Shape/memory/color changing sheet: A 30° C. 
shape/memory plastic sheet (0.015 in thickness) Was pur 
chased from Bay Materials, Corp. (Menlo Park, Calif.). The 
sheet Was cut to a 6 inch by 9 inch rectangle and kept 
?attened until use. The sheet Was screen printed using the 
thermochromic general purpose ink composition prepared as 
Example 2 above. An opaque coating Was generated by 
using multiple screen coating passes using a 240 mesh silk 
screen With a 8 inch by 10 inch WindoW siZe. Coating Was 
done on only one side of the sheet. The coating Was alloWed 
to dry overnight prior to further use. 

[0108] The dried coated shape/memory/color changing 
sheet exhibited strong thermochromic color change and 
temperature reversibility by cycling temperature above and 
beloW 30° C. The sheet Was fully pliable and compliant 
When Warmed. LikeWise, the sheet turned from a room 
temperature magenta color to a red/orange color When 
Warmed above 30° C. The sheet began to stiffen and solidify 
as Well as change color to a deep magenta When cooled to 
25° C. The sheet retained any shape it Was held in during the 
cooling process. At 20° C. the sheet became stiff and 
hardened to a rigid plastic-like character as Well as adopting 
darker purple color. 

[0109] Both the shape and color change Were completely 
reversible above and beloW the temperature set points. The 
shape could be set and reset numerous times. The associated 
color change served as an excellent indicator that softening 
Was instantly going to occur as Well as an interactive and 
attractive optical effect which added play value to the 
composition. 
[0110] 4. Shape/memory/color changing ?ber: A 30° C. 
shape/memory plastic ?ber Was prepared to a diameter of 
0.02 inch in diameter. Elongated ?laments of a polymeric 
lactide composition Were draWn from a melt. The ?laments 
Were pulled at a steady rate and tension such that continuous 
lengths of ?laments (0.02 inch in dia.). The material stilf 
ened immediately after being pulled form the melt. The 
?laments Were spun onto a real for storage. The ?laments 
Were coated With the reversible thermochormic ink prepared 
as described in example 2. After coating and drying, both the 
shape and color of the coated ?ber could be changed by 
exposure to temperatures above room temperature. 

[0111] 5. Shape/memory/color changing doll hair: 30° C. 
shape/memory plastic ?ber (0.015 in dia.) Was purchased 
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from Bay Materials, Corp. (Menlo Park, Calif). The ?ber 
Was cut into 10 inch segments and ?xed side-by-side on a 8 
inch by 10 inch Wooden frame using double stick foam 
based tape. The strands Were space approximately 3 milli 
meters apart and kept With tension. The strands Were coated 
With a thin opaque coating using the ink base prepared as in 
Example 2. Coating Was accomplished by brush on both 
sides of the ?bers by coating on one side and then ?ipping 
the frame to coat on the other side. After drying for 6 hours 
at room temperature, the strands Were removed by cutting 
immediately along the attachment points. The ?nal coated 
?ber strands Were 7.5 inches in length. 

[0112] A bundle of approximately 400 strands Were 
grouped and attached together at one end by melting the 
adjacent strands using a heated Te?on coated surface (3500 
E). The strand group had the appearance of toy doll hair. The 
hair could be shape and color changed by exposure to 
temperatures above 90° F. The stilT strands Would immedi 
ately soften and change from a room temperature magenta 
color to a red/orange color. Continued softening and color 
brightening to an orange yelloW color occurred When the 
exposed temperature Was raised to above 100° F. 

[0113] The hair bundle could be readily molded into any 
shape or braided pattern When Warmed and manipulated. 
The shape or braided pattern could be frozen in shape by 
loWering the ambient temperature to 70 F or loWer. Shape 
freezing could be accomplished by passing cool air over the 
bundle or by submersing the bundle in cooled Water. Both 
the shape and color simultaneously changed upon Warming 
and cooling. The shape and color change Were completely 
reversible over repeated cycles. 

[0114] 6. Woven shape, memory, and color changing fab 
ric: Shape/memory/color changing fabric Was prepared 
using shape/memory/color changing ?bers prepared as 
described in Example 5 above. A fabric Was prepared using 
a simple loom. A 6 inch by 6 inch fabric sheet Was prepare 
and stitch sealed along each of the 4 edges. The shape/ 
memory/color change fabric sheet Was further secured by 
heat sealing the oven strands along the 4 edges of the fabric 
sheet. 

[0115] The fabric sheet could be readily molded into any 
shape or con?guration When Warmed and manipulated. The 
shape or con?guration could be frozen in shape by loWering 
the ambient temperature to 70 F or loWer. Shape freezing 
could be accomplished by passing cool air over the fabric 
sheet or by submersing the sheet in cooled Water. Both the 
shape and color simultaneously changed upon Warming and 
cooling. The shape and color change Were completely 
reversible over repeated cycles. 

[0116] 7. Shape/memory/color changing Epoxy resin: 
Shape/memory/color changing epoxy resin Was prepared by 
adding the thermochromic pigment described in Example 1 
at a ration of 5% pigment by Weight of 95% Weight Epoxy 
(Devcon 5 Minute Epoxy, All Purpose, ITW Performance 
Polymers Consumer Division). The thermochromic pigment 
Was added directly to the fast drying Epoxy component in a 
highly poWderized form. The pigment Was thoroughly 
mixed. The mixture could be stored inde?nitely at room 
temperature prior to mixing With the resin’s hardener com 
ponent. For use, the tWo components of the Epoxy resin 
Were added in equal amounts and mixed thoroughly. 

[0117] When the tWo components Were mixed, the ther 
mochromic pigment served as an indicator of uniformity of 
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mixing during the mixing process. As the tWo components 
Were mixed, the thermochromic pigment changed color 
from a magenta color to a red transition as the exothermic 
polymerization reaction occurred Within the Epoxy resin. 
The color continued to progress to a bright orange color 
during the prescribed 5 minute time frame speci?ed by the 
Epoxy resin manufacturer. A bright yelloW orange color 
occurred in the mixture immediately prior to the resin 
solidifying. After solidi?cation and cooling, the composite 
color returned to a magenta color at room temperature (72 F) 
and reversibly to a blue/purple color beloW 60 F. 

[0118] Adjusting the ratios of Epoxy to hardener could be 
used to adjust the ?nal sti?fness of the polymerized resin. 
Ratios of hardener to Epoxy greater than 50% hardener 
resulted in stilTer composites With fast shape memory char 
acteristics. Ratios of hardener to Epoxy less than 50% 
hardener resulted in less rigid composites With sloWer shape 
memory characteristics. 

[0119] The multi-element shape/memory/color change 
Epoxy resin could be molded into a Wide variety of initial 
shapes, con?gurations, geometries, sheet forms, rod forms, 
strand forms, patterns and the like. Each shape could be 
pre-designed for an initial shape Which could be reformed 
upon heating, holding the shape and subsequent cooling. 
Upon re-heating, the Epoxy resin Would return to its original 
shape. 
[0120] 8. Doll possessing shape/memory/color changing 
hair and body: A play doll possessing both body and hair 
shape/memory/ color change characteristics Was prepared. A 
mold Was prepared using a commercially available room 
temperature vulcanization molding material. The mold Was 
made from a small plastic ?gure doll 3 inch in height and 0.5 
inch in Width. The doll Was molded using the thermochromic 
shape/memory/color change Epoxy resin described in 
Example 7, above. The Epoxy resin Was used at a ratio of 
50% hardener to 50% Epoxy. The molded doll, once hard 
ened Was modi?ed With a 0.25 inch in diameter hole at the 
top of the doll’s head. 

[0121] The doll Was attached With a 7.5 inch segment of 
bundled shape/memory/color change hair described in 
Example 5. The blunt connected end of the hair bundle Was 
glued in place by attaching the bundle end inside of the 
drilled hole in the doll head. 

[0122] The hair bundle and doll could be readily molded 
into any shape or braided pattern When Warmed and manipu 
lated. The shape or braided pattern could be frozen in shape 
by loWering the ambient temperature to 70 F or loWer. Shape 
freezing could be accomplished by passing cool air over the 
hair bundle and doll or by submersing it into cooled Water. 
Both the shape and color simultaneously changed upon 
Warming and cooling. The shape and color change Were 
completely reversible over repeated cycles. 

[0123] 9. Shape/memory/color shifting tooth brush 
handle: A toothbrush handle comprising of a shape changing 
material, a relief material to enhance shape memory and a 
thermochromic material indicating the temperature transi 
tion Was prepared in a molded form. A 30 C shape memory 
material Was purchased from Bay Materials, LLC. (Menlo 
Park, Calif). The thermochromic pigment Was prepared 
according to Example 1. A relief material With good spring 
back characteristics Was prepared With 0.30 inch thick 
polyester sheet stock. 
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[0124] A toothbrush head Was removed from a standard 
retail tooth brush. The cut end Was slotted to facilitate 
attachment to the shape/memory/color shifting handle. An 
aluminum mold Was prepared using standard machining 
techniques. The mold Was equipped With ejector pins to 
remove the mold piece after molding. The mold Was con 
structed to adapt the toothbrush head in a position that Would 
lock the toothbrush head With the molded handle. The mold 
also included a design to accept a die cut pattern of the relief 
material shaped the same as the ?nal toothbrush handle. The 
relief material Was die cut With a 30% smaller pro?le than 
the mold such that the molded shape changing material 
Would completely encase the relief material. The die cut 
relief material Was accurately placed in the mold along With 
the toothbrush head. 

[0125] Prior to molding, the polydiacetylenic pigment 
described in Example 1 blended With a granulated form of 
the 30 C shape changing material. The pigment Was added 
at a concentration of 2% by Weight of the shape changing 
material. The shape memory material mixed With thermo 
chromic pigment Was pre-heated and blended at 280 F. The 
blended material Was Worked into the mold and the material 
pressed under pressure to How throughout the mold cavity. 
Pressures of 2000 pounds/square inch Were applied during 
the heating/molding process. The mold and composite Were 
cooled to room temperature prior to removal. The ?nished 
shape/memory/color shifting toothbrush Was ejected from 
the mold using the ejector pins. The ?nal product looked like 
a standard toothbrush possessing a magenta color at room 
temperature. 

[0126] The brush maintained it shape and color at room 
temperature (+/—2 F). The shape could be froZen in shape by 
loWering the ambient temperature to 70 F or loWer. Shape 
freeZing could be accomplished by passing cool air over the 
brush or by submersing it in running tap Water. Both the 
shape and color simultaneously changed upon Warming the 
brush handle under Warm running tap Water. The shape and 
color change Were completely reversible over repeated 
cycles. 

[0127] The shape/memory/color change handle had the 
additional advantage of being bent and shaped such that the 
handle could be self-standing. By Warming and tWisting the 
handle end, a small circular pattern perpendicular to the 
length of the brush could be created and froZen in shape. The 
shape changed end provide a stand Which permitted the 
brush to stand upright on its oWn and thus not requiring a 
holder for the brush. 

[0128] 10. Adhesives containing reversible thermochro 
mic C14EDAC14 Were prepared using a commercially 
available adhesive resin (39% C0472 from Landec). Poly 
meriZed magenta C14EDAC14 Was mixed at concentrations 
ranging from 0.01% to 50% by Weight. The resin Was spread 
onto papers and solid supports and dried to form a pressure 
sensitive adhesive With distinct thermochromic color tran 
sition properties resulting from the polymeric C14EDAC14. 
Adhesives resins Were dried either at room temp. or up to 
220° F. The thermochromic adhesive Was magenta at room 
temp, blue beloW room temp., and transitioned to red at 
about 90-100° F. The color change further advanced to an 
orange color at a 120° F. and subsequently to a yelloW color 
at 200° F. The dried adhesive thermochromic composition 
exhibited reversible properties up to 250-290° F. The adhe 
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sive can be mixed With a variety of other compositions to 
provide for unique pressure sensitive adhesive applications. 

[0129] 11. Plastic toy horse possessing shape/memory/ 
color changing hair and mane: 

[0130] 12. Electro-conductive shape/color change ?bers 
for hair and Woven materials: 

[0131] 13. Thermoelectric patterning for inducing color 
and shape from 2D object to 3D object: 

[0132] 14. Embedded translucent holographic image in 
transparent shape/memory material 

[0133] 
[0134] 16. Heat shrink shape/color change ?lm With ther 
moelectric heating element for induction: 

[0135] 17. Electro-heat responsive shape/color changing 
toy con?guration: 

[0136] 18. Electro-heat responsive printed color/shape 
changing patterns on heat shrink ?lm: 

[0137] 19. Color changing bi-directional heat shrink plas 
tics (e.g. Shrinky DinkTM patterns: 

15. Die cut shape/memory/ color changing bath toy: 

[0138] 20. Printed edible sugar laminate layered on pre 
molded shape changing plastic: 

[0139] 21. Electro-thermal hair brush for inducing color/ 
shape change in color/shape/memory change hair: 

[0140] 22. Shape/memory/color changing food dish 
formed from thermally annealed sheet: 

[0141] 23. Area on thermoformed packaging Which 
changes shape and color When put on hot Water cup: 

[0142] 24. Optical grade self-adjustable lenses for eye 
glasses and visual effects: 

[0143] 25. Edible sugar layer Which changes shape and 
graphics upon heating: 

[0144] 26. Conductive removable Wound or tissue dress 
ing: 

[0145] 27. Heat shrink for building materials and facili 
tating closures: 

[0146] 28. Color/shape changing/melting CrayonsTM: 

[0147] 29. Cold storage, collapsible storage containers, 
collapsible consumer products: 

[0148] 30. Epoxy-based resins found use as a shape/ 
memory component for the plural composition: 

[0149] 31. Color/shape/memory changing pop-up books: 

Part B. 

Example 1 

[0150] Thermochromic color/shape/memory plastic com 
position: A thermochromic color and shape changing plastic 
composition With combined shape memory properties Was 
formulated using a the thermoplastic polyurethane EstaneTM 
5778 (Noveon Corporation, Cleveland Ohio) and 2.5% by 
Weight poWdered thermochromic pigment (Keystone 
Aniline Corporation, Chicago Ill.). 
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[0151] Small batches Were prepared using 250 grams 
thermoplastic and 6.25 grams thermochromic pigment. A 
rounded bottom PyrexTM dish (1000 ml. volume) Was used 
for mixing. The boWl could be coated With a lubricating oil 
to reduce adhesion on the boWl sides. For compression 
molding applications, the thermoplastic Was melted in a 
microWave oven for 2-4 minutes and mixed to a viscous 
?oWing consistency. The thermochromic poWder Was added 
While mixing to a uniform opacity. Complete mixing Was 
accomplished over several minutes. Repeated heating by 
microWave for 30 to 60 seconds Was done to ensure a molten 
consistency. 
[0152] Large batches Were prepared using identical ratios 
of thermoplastic to thermochromic colorant as described 
above. 25 kilogram batches Were prepared in a heated 
industrial mixing vat. The vat Was equipped With a uniform 
heating jacket and an industrial grade mixing implement. 
Pre-dried pellet stock of the thermoplastic Were added to the 
pre-heated vat. A temperature betWeen 350° F. and 400° F. 
Was maintained. Mixing Was initiated after a uniform molten 
state Was achieved. Mixing Was maintained at a sloW but 
steady state. 625 grams thermochromic colorant Was added 
sloWly to the mixing batch and mixing Was maintained for 
10 to 30 minutes. The viscous molten mixture Was periodi 
cally conditioned by additional physical displacement using 
a large spatula. 

[0153] The ?naliZed molten mixtures could be used 
directly in the molten state by transfer in-line to accompa 
nying production molding dies and equipment or the mixture 
could be separated into usable portions and solidi?ed and 
pre-shaped into convenient ingots for storage, inventory, and 
later use. 

Example 2 

[0154] Photochromic color/shape/memory plastic compo 
sition: A photochromic color and shape changing plastic 
composition With combined shape memory properties Was 
formulated using the thermoplastic polyurethane EstaneTM 
5778 (Noveon Corporation, Cleveland, Ohio) and 2.5% by 
Weight poWdered photochromic pigment (Color Change 
Corporation, StreamWood, Ill.). 
[0155] Small batches Were prepared using 250 grams 
thermoplastic and 6.25 grams photochromic pigment. A 
rounded bottom PyrexTM dish (1000 ml. volume) Was used 
for mixing. The boWl could be coated With a lubricating oil 
to reduce adhesion on the boWl sides. For compression 
molding applications, the thermoplastic Was melting in a 
microWave oven for 2-4 minutes and mixed to a viscous 
?oWing consistency. The photochromic poWder Was added 
While mixing to a uniform opacity. Complete mixing Was 
accomplished over several minutes. Repeated heating by 
microWave for 30 to 60 seconds Was done to ensure a molten 
consistency. 
[0156] Large batches Were prepared using identical ratios 
of thermoplastic to photochromic colorant as described 
above. 25 kilogram batches Were prepared in a heated 
industrial mixing vat. The vat Was equipped With a uniform 
heating jacket and an industrial grade mixing implement. 
Pre-dried pellet stock of the thermoplastic Were added to the 
pre-heated vat. A temperature betWeen 350° F. and 400° F. 
Was maintained. Mixing Was initiated after a uniform molten 
state Was achieved. Mixing Was maintained at a sloW but 
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steady state. 625 grams photochromic colorant Was added 
sloWly to the mixing batch and mixing Was maintained for 
10 to 30 minutes. The viscous molten mixture Was periodi 
cally conditioned by additional physical displacement using 
a large spatula. 

[0157] The ?nalized molten mixtures could be used 
directly in the molten state by transfer in-line to accompa 
nying production molding dies and equipment or the mixture 
could be separated into usable portions and solidi?ed and 
pre-shaped into convenient ingots for storage, inventory, and 
later use. 

Example 3 
[0158] Multi-format photochromic/thermochromic color/ 
shape/memory plastic composition: A photochromic/ther 
mochromic color and shape changing plastic composition 
With combined shape memory properties Was formulated 
using a the thermoplastic polyurethane EstaneTM 5778 
(Noveon Corporation, Cleveland Ohio), 2.5% by Weight 
poWdered photochromic pigment (31° C. magenta Color 
Change Corporation, StreamWood Ill.), and 2.5% by Weight 
poWdered thermochromic pigment (Keystone Aniline Cor 
poration, Chicago Ill.). 
[0159] Small batches Were prepared using 250 grams 
thermoplastic, 6.25 grams photochromic pigment and 6.25 
grams thermochromic pigment. A rounded bottom PyrexTM 
dish (1000 ml. volume) Was used for mixing. The boWl 
could be coated With a lubricating oil to reduce adhesion on 
the boWl sides. For compression molding applications, the 
thermoplastic Was melted in a microWave oven for 24 
minutes and mixed to a viscous ?oWing consistency. The 
photochromic and thermochromic poWders Were added 
While mixing to a uniform opacity. Complete mixing Was 
accomplished over several minutes. Repeated heating by 
microWave for 30 to 60 seconds Was done to ensure a molten 
consistency. 
[0160] Large batches Were prepared using identical ratios 
of thermoplastic to photochromic and thermochromic colo 
rants as described above. 25 kilogram batches Were prepared 
in a heated industrial mixing vat. The vat Was equipped With 
a uniform heating jacket and an industrial grade mixing 
implement. Pre-dried pellet stock of the thermoplastic Were 
added to the pre-heated vat. A temperature betWeen 350° F. 
and 400° F. Was maintained. Mixing Was initiated after a 
uniform molten state Was achieved. Mixing Was maintained 
at a sloW but steady state. 625 grams photochromic and 625 
grams thermochromic colorants Were added sloWly to the 
mixing batch and mixing Was maintained for 10 to 30 
minutes. The viscous molten mixture Was periodically con 
ditioned by additional physical displacement using a large 
spatula. 
[0161] The ?naliZed molten mixtures could be used 
directly in the molten state by transfer in-line to accompa 
nying production molding dies and equipment or the mixture 
could be separated into usable portions and solidi?ed and 
pre-shaped into convenient ingots for storage, inventory, and 
later use. The ?nal composition comprised and exhibited all 
of the expected shape change, thermochromic and photo 
chromic characteristics expected. 

Example 4 
[0162] Photo-luminescent (gloW-in-the-dark) color/shape/ 
memory plastic composition: A photo-luminescent color and 
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shape changing plastic composition With combined shape 
memory properties Was formulated using a the thermoplastic 
polyurethane EstaneTM 5778 Noveon Corporation, Cleve 
land Ohio) and 15% by Weight poWdered photo-luminescent 
pigment (GloW Incorporated, Severn Md.). 

[0163] Small batches Were prepared using 250 grams 
thermoplastic and 37.5 grams photo-luminescent pigment. A 
rounded bottom PyrexTM dish (1000 ml. volume) Was used 
for mixing. The boWl could be coated With a lubricating oil 
to reduce adhesion on the boWl sides. For compression 
molding applications, the thermoplastic Was melted in a 
microWave oven for 2-4 minutes and mixed to a viscous 
?oWing consistency. The photo-luminescent poWder Was 
added While mixing to a uniform opacity. Complete mixing 
Was accomplished over several minutes. Repeated heating 
by microWave for 30 to 60 seconds Was done to ensure a 
molten consistency. 

[0164] Large batches Were prepared using identical ratios 
of thermoplastic to photo-luminescent colorant as described 
above. 25 kilogram batches Were prepared in a heated 
industrial mixing vat. The vat Was equipped With a uniform 
heating jacket and an industrial grade mixing implement. 
Pre-dried pellet stock of the thermoplastic Were added to the 
pre-heated vat. A temperature betWeen 350° F. and 400° F. 
Was maintained. Mixing Was initiated after a uniform molten 
state Was achieved. Mixing Was maintained at a sloW but 
steady state. 3.75 kilograms photo-luminescent colorant Was 
added sloWly to the mixing batch and mixing Was main 
tained for 10 to 30 minutes. The viscous molten mixture Was 
periodically conditioned by additional physical displace 
ment using a large spatula. 

[0165] The ?naliZed molten mixtures could be used 
directly in the molten state by transfer in-line to accompa 
nying production molding dies and equipment or the mixture 
could be separated into usable portions and solidi?ed and 
pre-shaped into convenient ingots for storage, inventory, and 
later use. 

Example 5 

[0166] Multi-format photochromic/photo-luminescent 
optical/shape/memory plastic composition: A photochromic 
and photo-luminescent optical and shape changing plastic 
composition With combined shape memory properties Was 
formulated using a the thermoplastic polyurethane EstaneTM 
5778 (Noveon Corporation, Cleveland Ohio), 2.5% by 
Weight poWdered photochromic pigment (31° C. magenta 
Color Change Corporation, StreamWood 111.), and 10% by 
Weight poWdered photo-luminescent pigment (GloW Incor 
porated, Severn Md.). 

[0167] Small batches Were prepared using 250 grams 
thermoplastic, 6.25 grams photochromic pigment and 37.5 
grams photo-luminescent pigment. A rounded bottom 
PyrexTM dish (1000 ml. volume) Was used for mixing. The 
boWl could be coated With a lubricating oil to reduce 
adhesion on the boWl sides. For compression molding appli 
cations, the thermoplastic Was melted in a microWave oven 
for 2-4 minutes and mixed to a viscous ?oWing consistency. 
The photochromic and photo-luminescent poWders Were 
added While mixing to a uniform opacity. Complete mixing 
Was accomplished over several minutes. Repeated heating 
by microWave for 30 to 60 seconds Was done to ensure a 
molten consistency. 
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[0168] Large batches Were prepared using identical ratios 
of thermoplastic to photochromic and thermochromic colo 
rants as described above. 25 kilogram batches Were prepared 
in a heated industrial mixing vat. The vat Was equipped With 
a uniform heating jacket and an industrial grade mixing 
implement. Pre-dried pellet stock of the thermoplastic Were 
added to the pre-heated vat. A temperature betWeen 350° F. 
and 400° F. Was maintained. Mixing Was initiated after a 
uniform molten state Was achieved. Mixing Was maintained 
at a sloW but steady state. 625 grams photochromic and 3.75 
kilogram photo-luminescent colorants Were added sloWly to 
the mixing batch and mixing Was maintained for 10 to 30 
minutes. The viscous molten mixture Was periodically con 
ditioned by additional physical displacement using a large 
spatula. 

[0169] The ?nalized molten mixtures could be used 
directly in the molten state by transfer in-line to accompa 
nying production molding dies and equipment or the mixture 
could be separated into usable portions and solidi?ed and 
pre-shaped into convenient ingots for storage, inventory, and 
later use. The ?nal composition comprised and exhibited all 
of the expected shape change, photochromic, and photo 
luminescent characteristics expected. In day light, a region 
illuminated With ultraviolet light (eg a 400 nanometer light 
emitting diode pen light) becomes colored from a non 
colored plastic background to a deeply colored pattern in the 
illuminated areas. While the photochromic e?fect dissipates 
Within 1-2 minutes, the same illuminated area Would emit an 
optical gloW in dark conditions. 

Example 6 

[0170] LoW temperature thermochromic color/shape/hard 
ening putty composition: A thermochromic color and shape 
changing putty composition With combined reversible shape 
hardening properties Was formulated using a the gum base 
DreycoTM base (L.A. Drey?s Company, Edison N.J.), the 
thermoplastic composition ProtoplastTM (WRF/Aquaplast 
Corporation, Wyckolf N1.) and 4% by Weight poWdered 
thermochromic pigment (Keystone Aniline Corporation, 
Chicago 111.). 

[0171] Batches Were prepared using a ratio of 2.5 parts 
DreycoTM base: 1 part ProtoplastTM thermoplastic: 1% by 
total Weight poWdered thermochromic pigment. Pellets of 
the DreycoTM base Were rinsed in Warm Water and alloWed 
to soften in Water at 120° F. for 10 minutes. The bulk Was 
aggregated and mixed into a uniform dough-like consis 
tency. The bulk of DreycoTM base Was kept Warm While 
ProtoplastTM thermoplastic pellets Were heated by micro 
Wave until a viscous consistency that matched that of the 
Warmed DreycoTM base. The poWdered thermochromic pig 
ment Was added directly to the molten thermoplastic and 
mixed until it Was uniformly dispersed. The DreycoTM base 
and mixed thermoplastic and thermochromic pigment Were 
combined and uniformly mixed. The mixture Was periodi 
cally Warmed either by microWave or With 120° F. Water to 
ensure a softened state during mixing. 

[0172] The ?naliZed softened mixture could be used 
directly in the softened state by transfer in-line to accom 
panying production molding dies and equipment or the 
mixture could be separated into usable portions and solidi 
?ed and pre-shaped into convenient ingots for storage, 
inventory, and later use. 
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Example 7 

[0173] LoW temperature photochromic color/shape/hard 
ening putty composition: A photochromic color and shape 
changing putty composition With combined reversible shape 
hardening properties Was formulated using a the gum base 
DreycoTM base (L.A. Dreyfus Company, Edison N.J.), the 
thermoplastic composition ProtoplastTM (WRF/Aquaplast 
Corporation, Wyckolf NJ.) and 4% by Weight powdered 
photochromic pigment (Color Change Corporation, Stream 
Wood 111.). 

[0174] Batches Were prepared using a ratio of 2.5 parts 
DreycoTM base: 1 part ProtoplastTM thermoplastic: 1% by 
total Weigh Weight poWdered photochromic pigment. Pellets 
of the DreycoTM base Were rinsed in Warm Water and 
alloWed to soften in Water at 1200 F. for 10 minutes. The 
bulk Was aggregated and mixed into a uniform dough-like 
consistency. The bulk of DreycoTM base Was kept Warm 
While ProtoplastTM thermoplastic pellets Were heated by 
microWave until a viscous consistency that matched that of 
the Warmed DreycoTM base. The poWdered photochromic 
pigment Was added directly to the molten thermoplastic and 
mixed until it Was uniformly dispersed. The DreycoTM base 
and mixed thermoplastic and photochromic pigment Were 
combined and uniformly mixed. The mixture Was periodi 
cally Warmed either by microWave or With 1200 F. Water to 
ensure a softened state during mixing. 

[0175] The ?nalized softened mixture could be used 
directly in the softened state by transfer in-line to accom 
panying production molding dies and equipment or the 
mixture could be separated into usable portions and solidi 
?ed and pre-shaped into convenient ingots for storage, 
inventory, and later use. 

Example 8 

[0176] LoW temperature photo-luminescent color/shape/ 
hardening putty composition: A photo-luminescent color 
and shape changing putty composition With combined 
reversible shape hardening properties Was formulated using 
a the gum base DreycoTM base (L.A. Dreyfus Company, 
Edison N.J.), the thermoplastic composition ProtoplastTM 
(WRF/Aquaplast Corporation, Wyckolf NJ.) and 15% by 
Weight poWdered photo-luminescent pigment (GloW Incor 
porated, Severn Md.). 

[0177] Batches Were prepared as above in examples “LoW 
temperature photochromic color/shape/hardening putty 
composition”. The ?naliZed softened mixture could be used 
directly in the softened state by transfer in-line to accom 
panying production molding dies and equipment or the 
mixture could be separated into usable portions and solidi 
?ed and pre-shaped into convenient ingots for storage, 
inventory, and later use. 

Example 9 

[0178] High temperature thermochromic, photochromic or 
photo-luminescent color/shape/hardening putty composi 
tions: A thermochromic, photochromic, or photo-lumines 
cent color and shape changing putty composition With 
combined reversible shape hardening properties Was formu 
lated using the thermoplastic composition ProtoplastTM 
(WRF/Aquaplast Corporation, Wyckolf NJ.) and 4% by 
Weight poWdered thermochromic pigment (Keystone 
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Aniline Corporation, Chicago 111.); 4% by Weight poWdered 
photochromic pigment (Color Change Corporation, Stream 
Wood 111.); or 15% by Weight poWdered photo-luminescent 
pigment (GloW Incorporated, Severn Md.). 

[0179] Batches Were prepared as above in examples “LoW 
temperature thermochromic color/shape/hardening putty 
composition”. The ?nalized softened mixture could be used 
directly in the softened state by transfer in-line to accom 
panying production molding dies and equipment or the 
mixture could be separated into usable portions and solidi 
?ed and pre-shaped into convenient ingots for storage, 
inventory, and later use. 

Example 10 

[0180] Pressure molded optical e?fect thermochromic, 
photochromic, photo-luminescent color/shape/memory 
changing plastic sheets and surface patterned items: Optical 
e?fect color/shape/memory plastic batches Were made in 
accordance With examples above “Thermochromic color/ 
shape/memory plastic composition”; “Photochromic color/ 
shape/memory plastic composition”; or “Photo-luminescent 
(gloW-in-the-dark) color/shape/memory plastic composi 
tion”. 

[0181] Pre-siZed amounts of individual optical/shape/ 
memory plastic formulated mixtures Were brought to a soft 
semi-molten state. A molten pre-siZed amount Was placed on 
a non-stick mold surface. The mold surface Was either 
patterned With a surface relief pattern that Was to be 
imprinted on into the ?nal product or the surface Was a ?at 
surface for plain sheet preparation. The mold Was pre 
Warmed to 300° F. using an internal electrical heating 
element. A second pre-heated mold surface Was oriented 
directly above the bottom plate surface and positioned With 
a 30 ton pneumatic actuated press. 

[0182] The semi-molten plastic Was compressed using the 
actuated pneumatic press. The mold and press Were designed 
to make complete contact betWeen the upper mold surface 
and loWer mold surface. Excess molten plastic Was alloWed 
to escape through guided troughs. Compression Was accom 
plished using a 30 seconds molding cycle. After compres 
sion, the top and bottom mold plates and compressed plastic 
Were removed from the press and alloWed to rapidly cool 
With either running Water or a stream of cold air. The mold 
plates Were separated and the molded plastic item removed 
and trimmed. 

Example 11 

[0183] Direct pressure molded optical e?fect thermochro 
mic, photochromic, photo-luminescent color/shape/memory 
changing plastic structures: Optical e?fect color/shape/ 
memory plastic batches Were made in accordance With 
examples above “Thermochromic color/shape/memory 
plastic composition”; “Photochromic color/shape/memory 
plastic composition”; or “Photo-luminescent (gloW-in-the 
dark) color/shape/memory plastic composition”. 
[0184] Pre-siZed amounts of individual optical/shape/ 
memory plastic formulated mixtures Were brought to a soft 
semi-molten state. A molten pre-siZed amount Was placed on 
a non-stick mold surface as in the example “Pressure molded 
optical e?fect thermochromic, photochromic, photo-lumines 
cent color/shape/memory changing plastic sheets and sur 
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face patterned items”. Three-dimensional mold plates Were 
machined such that the mold plate exactly mirrored the 
bottom plate. Mold cavities Were created to provide a 25/1000 
inch spacing betWeen the top plate and the bottom plate 
throughout each impression structure. Escape channels Were 
created Within the mold surface to provide for channeling 
excess molten plastic. The mold Was pre-Warmed to 300° F. 
using an internal electrical heating element. Mold plates 
Were positioned With a 30 ton pneumatic actuated press. 

[0185] The semi-molten plastic Was compressed using the 
actuated pneumatic press. The mold and press Were designed 
to make complete contact betWeen the upper mold surface 
and loWer mold surface. Excess molten plastic Was alloWed 
to escape through the guided escape channels. Compression 
Was accomplished using a 30 to 60 seconds molding cycle. 
After compression, the top and bottom mold plates and 
compressed plastic Were removed from the press and 
alloWed to rapidly cool With either running Water or a stream 
of cold air. The mold plates Were separated and the molded 
plastic item removed and trimmed. 

[0186] Doll ?gures, faces, characters, dimensional shapes, 
action ?gures, cartoon ?gures and shapes and the like Were 
machined for molding. Multiple repeats of molded features 
Were machined into the mold to ensure the maximum 
number of molded features Were produced per cycle. Care 
Was taken to ensure adequate ?lling of the mold cavities. 
Initially, the top and bottom mold pieces Was brought in 
contact With the molten plastic and sloWly compressed at 
speci?ed rates during compression to ensure cavity ?lling. 

[0187] Final thermoformed pieces retained their thermo 
chromically active, photochromically active, or photo-lumi 
nescently active properties. After thermoforming, the 
molded items Were cut out either by hand or using a die 
cutting process. Final items exhibited complete intended 
plural shape and optical properties for the representative 
sheet materials utiliZed. 

Example 12 
[0188] Thermoformed thermochromic color/shape/ 
memory changing plastic bath toys, ?gures, and play pieces 
using planar sheets: Optical e?fect color/shape/memory plas 
tic sheets Were prepared from batches made in accordance 
With examples above “Thermochromic color/shape/memory 
plastic composition”; “Photochromic color/shape/memory 
plastic composition”; or “Photo-luminescent (gloW-in-the 
dark) color/shape/memory plastic composition” and in 
accordance With the example “Pressure molded optical 
e?fect thermochromic, photochromic, photo-luminescent 
color/shape/memory changing plastic sheets and items” 
above. Planar pressure formed sheets (20/1000 inch thick) 
Were shaped using standard thermoforming processes. Ther 
moforming molds Were machined using aluminum mold 
making stock. Doll ?gures, faces, characters, dimensional 
shapes, action ?gures, cartoon ?gures and shapes and the 
like Were machined for molding. Multiple repeats of molded 
features Were machined into the mold to ensure the maxi 
mum number of molded features Were produced per cycle. 
12 inch by 12 inch sheets Were thermoformed using 4 repeat 
unit molds to yield 4 items per cycle. The sheets Were 
conditioned at 2500 F. and rapidly thermoformed to ensure 
sagging. 
[0189] Final thermoformed pieces retained their thermo 
chromically active, photochromically active, or photo-lumi 
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nescently active properties. After thermoforming, the 
molded items Were cut out either by hand or using a die 
cutting process. Final items exhibited complete intended 
plural shape and optical properties for the representative 
sheet materials utiliZed. 

Example 13 

[0190] Optical gloW rods possessing plural shape change 
able properties, optical clarity and light diffusion properties: 
Planar sheets, 2 to 8 mm thick in increments of 1 mm, With 
shape memory properties Were formulated using a the ther 
moplastic polyurethane EstaneTM 5778 (Noveon Corpora 
tion, Cleveland Ohio) 0.0l%-0.05% by Weight ?nely par 
ticulate mica (shimmer poWder) Was either added or not to 
enhance light diffusion. Molding Was accomplished using a 
planar mold con?guration described in the example above: 
“Pressure molded optical e?fect thermochromic, photochro 
mic, photo-luminescent color/shape/memory changing plas 
tic sheets and surface patterned items”. 

[0191] Sheets Were prepared With smooth top and bottom 
surfaces. Finished sheets Were die cut or cut With a hot knife 
to yield strips With a Width equal to the thickness of a 
particular sheet. Cut pieces Were ?nished to have smooth 
polished edges similar to the smooth ?nish on the top and 
bottoms. Strips Were sectioned into 6, 8, 10, or 12 inch 
lengths. Illumination of the end, side, or top of a strip With 
a variety of intense and focused light sources resulted in an 
evanescent gloW throughout the strip. Strips containing a 
loW percentage of optical effect pigment gave a more 
uniform and intense gloW than those strips Without pigment. 

[0192] Other shapes Were formed using molding features 
and or extrusion. Cross-sectional circular, angular, triangu 
lar, pentagon shaped, hexagonal shaped or other geometrical 
cross-sectional designs Were molded. In each case, direc 
tional rods retained their shape change and optical e?fect. 
Light directed at essentially any angle could be used to cause 
a gloW-like characteristic to the rod types. 

Example 14 

[0193] Illumination surface for light transmission into and 
through shape changeable optical plastic items: An illumi 
nation system comprised With optical gloW rods prepared in 
example “Optical gloW rods possessing plural shape change 
able properties, optical clarity and light diffusion properties” 
above. An illumination pad With a back light and opaque 
surface cover Was developed. The opaque surface Was 
designed With a refractive index that blocks light in the dry 
state. When hydrated With Water or an index matching 
medium, light could escape from the back lit panel. Light 
could only escape on areas of the opaque surface cover that 
have been contacted by an indexing medium (Water). 

[0194] Illumination can be enhanced and directed using 
Wetted optical gloW rods placed on the opaque surface cover. 
The Wetted rod side directly conducts light through the 
opaque layer and into the rod causing the rod to appear to 
gloW. Shape changeable gloW rods can be shaped and 
modeled to create various patterns, ?gures, messages, and 
designs. A shape changeable gloW rod can initially be 
molded to desired planar con?guration. When the rod is 
Wetted along its side and placed on the opaque darkened 
surface, light Will be transmitted through the layer due to 
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index matching of Water and the rod Will be selectively 
illuminated in the pre-determined shape that the rod had 
been molded to. 

[0195] Shape changeable glow rods provide a three-di 
mensional relief appearance on the illumination pad. The 
optical effect can be modulated by repositioning or remold 
ing a shape changeable light transmitting gloW rod. GloW 
rods can be utiliZed with different optical components 
including ?uorescent dyes, glitters, dyes With optical clarity 
for changing the rods color, gloW-in-the-dark pigments, 
iridescent pigments and the like. 

Example 15 

[0196] DraWn optical e?fect thermochromic, photochro 
mic, photo-luminescent color/shape/memory changing plas 
tic strands, ?laments, and doll hair: Optical e?fect color/ 
shape/memory plastic batches Were made in accordance 
With examples above “Thermochromic color/shape/memory 
plastic composition”; “Photochromic color/shape/memory 
plastic composition”; or “Photo-luminescent (gloW-in-the 
dark) color/shape/memory plastic composition”. 
[0197] Pre-siZed amounts of individual optical/shape/ 
memory plastic formulated mixtures Were brought to a soft 
semi-molten state in a temperature controlled heating jacket. 
The temperature Was adjusted to ensure uniform viscosity 
and mixing. Molten mixtures Were maintained betWeen 300° 
F. and 350° F. Fibers Were draWn from the molten mixture 
by initially contacting the mixture surface, pulling a ?lament 
to a spindle and maintaining a constant rotational rate for the 
spindle to draW the ?lament. The spindle Was kept at a ?xed 
distance from molten plastic surface (3 feet). The distance 
provided adequate time for the plastic to harden for bundling 
on the spindle. Typically pulling velocities Were maintained 
at between 10 to 100 feet per minute. Pulling velocities, 
molten temperatures, cooling distances and related param 
eters could be adjusted accordingly to produce thin or 
thickened strands, ?laments, or hair product. 

[0198] Final draWn ?lament compositions retained their 
thermochromically active, photochromically active, or 
photo-luminescently active properties. After formation, the 
?laments items Were bundled and cut from doll hair, re 
Wound for rooting into plastic doll heads or stored for 
various toy applications. Finished ?laments and hair items 
exhibited complete intended plural shape and optical prop 
erties for the representative sheet materials utiliZed. 

[0199] Physical properties of the optical e?fect thermo 
chromic, photochromic, photo-luminescent strands, ?la 
ments, and doll hair compositions could be modi?ed for 
particular applications, By Way of example, other plastic that 
provide increased pull strength could be added to provide 
additional stability during the doll hair rooting process. 
Lubricants could be added to reduce sticking betWeen 
strands. Other physical properties pertaining to processing, 
manufacturing and functionality could be adjusted accord 
ingly depending on the application of interest. 

Example 16 

[0200] Sand/plastic compositions comprising optical 
e?fect thermochromic, photochromic, or photo-luminescent 
color/shape/memory changing properties: Optical e?fect 
color/shape/memory plastic batches Were made in accor 
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dance With examples above “Thermochromic color/shape/ 
memory plastic composition”; “Photochromic color/shape/ 
memory plastic composition”; or “Photo-luminescent 
(gloW-in-the-dark) color/shape/memory plastic composi 
tion”. 

[0201] Pre-siZed amounts of individual optical/shape/ 
memory plastic formulated mixtures Were brought to a soft 
semi -molten state in a temperature controlled heating jacket. 
Washed clean ?ne grain sand Was added from betWeen 1% 
by volume to 50% by total volume. The sand Was added in 
sloWly and mixed thoroughly to ensure complete coverage 
of all sand particulate With the thermoplastic composition. 

[0202] Final compositions retained their thermochromi 
cally active, photochromically active, or photo-lumines 
cently active properties. The added sand provided a grainy 
?nish. The encapsulated sand did not adversely affect the 
properties of the encapsulating plastic or chromic change 
agents. After formation, pre-determined amounts of the ?nal 
formulations Were proportioned for use in molding applica 
tions similar to those in the above example “Pressure 
molded optical e?fect thermochromic, photochromic, photo 
luminescent color/shape/memory changing plastic sheets 
and surface patterned items”. 

Example 17 

[0203] Encased thermochromic, photochromic, and 
photo-luminescent loW temperature color/shape/memory 
putties for impression making applications: A vinyl encased 
loW temperature putty Was developed as a re-shapeable color 
changing molding pad. LoW temperature color/shape/ 
memory putties Were prepared as in the examples above 
“LoW temperature photochromic color/shape/hardening 
putty composition”; “LoW temperature thermochromic 
color/shape/hardening putty composition”; and LoW tem 
perature photo-luminescent color/shape/hardening putty 
composition”. 
[0204] The compositions Were prepared using only the 
DreycoTM gum base and chromic change agent and excluded 
the thermoplastic ProtoplastTM. The putty compositions 
Were prepared Without the thermoplastic to provide an even 
loWer temperature putty format (90-l00° F.) than the 
example using the thermoplastic (ll0-l20° F.). Hardened 
color/shape/memory putty pieces (25 gram) Were placed in 
partially heat sealed vinyl pouches (lo/1000 inch thick clear 
?exible vinyl stock). The pouch Was sealed on 3 sides. The 
putty Was Warmed, spread evenly throughout the pouch to 
avoid entrapped air, and then completely heat sealed into the 
vinyl pouch laminate. The ?nal ?lled pouch Was ?attened 
and cooled to room temperature. The ?nal siZe Was a ?at 
planar con?guration approximately 3 millimeters thick and 
10 by 10 centimeters squared. 

[0205] Final encased putty compositions retained their 
thermochromically active, photochromically active, or 
photo-luminescently active properties as Well as the shape 
memory properties upon Warming and cooling. Impression 
formation Was accomplished by Warming a ?lled sealed 
pouch by microWave or in Warm Water (1000 F. for 3 
minutes). An impression resulted When the ?ll planar pouch 
Was pressed by hand or With a molding implement to create 
pattern. The displaced color change putty left a clear Win 
doW in the impression area. Upon cooling, the impression 
area retained its molded con?guration and the surrounding 
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putty ?lled areas returned to their original reversible color 
change state. The pieces Were found to be fully re-usable and 
re-moldable for on-going impression making and use. 

[0206] Various impression making pieces Were used to 
create pre-determined shapes including: animal shapes, 
insect shapes, faces, ?gures, numbers, letters, messages, 
pictures, diagrams, signatures, symbols, story boards, car 
toons, cartoon characters, and a variety of branded and 
unbranded features. Final impressions could be changed or 
recreated during play and use. 

Example 18 

[0207] Encased thermochromic, photochromic, or photo 
luminescent viscous color/shape/memory ?uids and Writing 
methods: A clear vinyl encased viscous ?uid comprising a 
thermochromic, photochromic, or photo-luminescent optical 
e?fect pigment and a viscous aqueous solution Was prepared 
as a Writing, messaging, and activity unit. 2.5% by Weight 
poWdered thermochromic pigment (Keystone Aniline Cor 
poration, Chicago Ill.) Was utiliZed for a thermochromic 
version. 3% by Weight poWdered photochromic pigment 
(Color Change Corporation, StreamWood Ill.) Was utiliZed 
for a photochromic version. 10% by Weight poWdered 
photo-luminescent pigment (GloW Incorporated, Severn 
Md.) Was utiliZed for a gloW-in-the-dark version. The vis 
cous aqueous solution Was prepared using a concentrated 
solution of Water titrated With highly poWdered corn starch. 

[0208] Solutions containing an adjusted ?oWing viscous 
mixture of corn starch and Water Was admixed With poW 
dered forms of either the thermochromic pigment, photo 
chromic pigment or photo-luminescent pigment. Mixtures 
Were added to clear ?exible vinyl pouches sealed on 3 sides 
(approximately 20 ml ?uid, l0/1ooo inch thick clear ?exible 
vinyl). The pouches Were purged of air and completely 
sealed using a standard packaging heat sealer. 

[0209] Final encased thermochromic, photochromic, and 
photo-luminescent viscous solutions retained all of their 
optical properties respectively. The encased solutions 
retained a shape-changeable pliability and malleability When 
pressed or contorted. The original shape of the pouch Would 
sloWly revert to the original planar con?guration after dis 
tortion and left further un-perturbed. The optical change 
versions provided a convenient surface for creating and 
Writing messages, codes, symbols and the like that could be 
made to appear and then dissipate over several minutes. By 
Way of example, the photochromic-encased version could be 
conveniently Written on using a 400 nanometer light emit 
ting diode pen light. Written matter immediately appears as 
the pen light passes over the encased surface. The Written 
matter dissipates Within 1-2 minutes or immediately by 
changing the shape or distorting the pouch surface. In either 
case, the method and encasement completely reverses and 
can be re-used systematically. 

Example 19 

[0210] Color/shape/memory putty laminate coating on 
pre-molded plastic doll head: Moldable coating/laminating 
layers comprising high temperature thermochromic, photo 
chromic, or photo-luminescent color/shape/hardening put 
ties Were applied to a pre-molded plastic doll heads. The 
coatings Were made using color/shape/hardening putties as 
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in the above example “High temperature thermochromic, 
photochromic or photo-luminescent color/shape/hardening 
putty compositions”. 

[0211] A 5 inch tall plastic doll head Was compression 
laminated using a heated pliable sheet of high temperature 
color/shape/memory putty. The sheet Was processed to 0.24 
inch thick. The hot pressed sheet folloWed the exact contours 
of the doll face. Upon cooling beloW the melting transition 
of the putty composition, the plastic putty hardened to a stiff 
plastic character. Upon heating With a bloW dryer, hot Water, 
or With microWaves, the putty softens and changes color 
above its melting transition to a pliable putty like character. 
In the pliable state, the putty laminate can be molded, 
morphed, and re-contoured to a neW doll face appearance. 
Upon cooling, the color change reverses and the putty 
hardens to a ?nal facial appearance. 

Example 20 

[0212] Optical/shape/memory changing plastic coated 
impression forming foams and sponges: Optical e?fect color/ 
shape/memory plastic batches Were made in accordance 
With examples above “Thermochromic color/shape/memory 
plastic composition”; “Photochromic color/shape/memory 
plastic composition”; or “Photo-luminescent (gloW-in-the 
dark) color/shape/memory plastic composition”. Plastic 
sheets for forming optical/shape/memory foams and 
sponges Were formed as in the example above “Pressure 
molded optical e?fect thermochromic, photochromic, photo 
luminescent color/shape/memory changing plastic sheets 
and surface patterned items”. 

[0213] Thin sheets of optical e?fect color/shape/memory 
plastic Were heat layered on to both closed and open cell 
foams and sponges. A ?rst bottom sheet Was placed on a 
Te?on coated pan. A cut rectangular form or sponge piece 
Was centered on the sheet. A cut second piece Was equally 
centered on top of the sponge piece. The sandWich Was 
heated at 300° F. for 10 minutes until the upper sheet evenly 
draped over the sponge and came in contact With the sheet 
on the bottom of the sandWich. The melted top sheet fuse 
With the loWer sheet and Was permanently press fused to the 
bottom sheet to create a hermetic seal around the sponge. 
Excess sheet material Was trimmed to yield a fully encap 
sulated sponge or foam piece. 

[0214] At room temperature or beloW, the encapsulated 
coated foam piece Was rigid and in one colored state. When 
the piece Was heated With Warm tap Water or With Warm air 
from a bloW drier, the piece Would exhibit the sponge like 
character of the encapsulated sponge. A variety of impres 
sions, distortions, and sculptured con?gurations could be 
solidi?ed if the piece Were alloWed to cool in neW con?gu 
ration. All of the optical properties and effects expected of 
the thermochromic, photochromic and photo-luminescent 
pigments Were preserved and completely reversible on ther 
mal cycling. The shape changing recon?gurations or molded 
impressions Were completely reversible upon re-Waming of 
the piece. The internaliZed sponge or foam material provided 
an abrupt spring back to the original molded rectangular 
form When Warmed. 

Example 21 

[0215] General mending, ?x-up, ?xturing, restoration, and 
utility compositions comprised of color/shape/memory put 
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ties, and plastics: Optical effect color/shape/memory plastic 
batches Were made in accordance With examples above 
“Thermochromic color/shape/memory plastic composition”; 
“Photochromic color/shape/memory plastic composition”; 
or “Photo-luminescent (gloW-in-the-dark) color/shape/ 
memory plastic composition”. High temperature putties 
Were made according to the above example “High tempera 
ture thermochromic, photochromic or photo-luminescent 
color/shape/hardening putty compositions”. The thermo 
chromic colorants Were selected to change color at the 
transition temperatures of either the putties or plastic so that 
they could be used as a safety mechanism to ensure that a 
user does not get scalded or burned. 

[0216] Putties and plastics Were used for mending, con 
necting, ?xing, making ?xture, making holders, ?tting, 
reinforcing, thickening, altering or otherWise augmenting 
household and other items that could bene?t from the added 
support, strength, or related reinforcement that the item 
required. Both the putty and plastic could be conveniently 
contoured and adapted to ?t a particular application. The 
thermochromic effect was particularly useful to prevent 
burning and scalding. It Was also useful as an internal guide 
to provide information on Working time. As the color started 
to change, the color change indicated that the Working time 
Was almost expired. 

Example 22 

[0217] Thermochromic tWo part epoxy With moldable 
shape changing properties: A tWo component 5 minute 
epoxy Was modi?ed With the thermochromic bis-polydi 
acetylenic compound made from the diacetylenic monomer 
bis-2,2'-ethylene-(5,7-tetradecadiynoic acid) diamide. The 
diacetylenic monomer Was polymerized room temperature 
(ultraviolet light, 254 nanometers) to a magenta color and 
prepared as a ?ne poWder. The hardening solution of a tWo 
component 5 minute epoxy (Devcon Corp. Danvers, Mass.) 
Was coloriZed With 2% by Weight of the polydiacetylenic 
poWder. The mixture became a deep magenta at room 
temperature. The thermochromically coloriZed hardening 
component remained stable under normal conditions for 
prolonged periods (more than 1 year). 

[0218] A color/shape/memory epoxy plastic Was made by 
mixing from 25% of the coloriZed hardening component to 
up to 50% of the coloriZed hardening component to from 
75% of the epoxy component to 50% of the epoxy compo 
nent respectively. Softer more temperature sensitive shape 
changing plastics Were made With compositions less than 
50% hardening component. In all cases, the epoxy mixtures 
cured Within 5 to 10 minutes. The thermochromic material 
indicated elevated temperatures during the curing step and 
immediately after mixing due the exothermic reaction. The 
thermochromic material exhibited its brightest coloration to 
an orange yelloW immediately prior to the 5 minute time 
frame indicating that the epoxy Was about to set and that the 
Working time had less than 30 seconds left prior to stiffen 
ing. The set thermochromic epoxy exhibited good color and 
shape change characteristic upon reversible heating and 
cooling cycles. 

Example 23 

[0219] Printed thermochromic color/shape/memory plas 
tic die cut toy pieces including strips, rods, laces, tiles, and 
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die cut shapes and ?gures: A shape changing plastic com 
position With combined shape memory properties and 
reversible thermochromic printed matter Was formulated 
using a thermoplastic polyurethane (Rohm and Haas Corp., 
Philadelphia, Pa.). Images, messages, symbols, characters, 
cartoon characters, ?gures, graphics and printed information 
Was screen printed using a 180 mesh silk screen and ultra 
violet light curable thermochromic inks (Matsui lntema 
tional lnc., Gardena, Calif.). 

[0220] 0.01, 0.02, 0.03, 0.04, 0.06, 0.08, 0.1 and 0.2 inch 
thick shape changeable plastic sheets Were prepared as in the 
above examples “Thermochromic color/shape/memory 
plastic composition” and “Pressure molded optical e?fect 
thermochromic, photochromic, photo-luminescent color/ 
shape/memory changing plastic sheets and surface patterned 
items”. Flat 12 inch by 12 inch sheets Were screen printed 
using thermochromic ultraviolet light cured inks and a 1200 
Watt per inch square medium pressure mercury vapor lamp 
for curing. A variety of image types Were printed using both 
loW temperature (100 C., 15° C., and 20° C. reversible 
thermochromic inks) or higher temperature version (250 C., 
27° C., 29° C., 31° C., 35° C., 37° C. and higher reversible 
thermochromic inks). The printed sheets/images retained 
full shape and color change characteristics of the full ranges 
expected. 

Example 24 

[0221] Color/shape/memory plastics for moldable items 
including: toothbrush tie strings/hooks, toy connectors, pic 
ture stands, hair bands, plastic utensils, foldable cups and 
plates: Optical effect color/shape/memory plastic batches 
Were made in accordance With examples above “Thermo 
chromic color/shape/memory plastic composition”; “Photo 
chromic color/shape/memory plastic composition”; or 
“Photo-luminescent (gloW-in-the-dark) color/shape/memory 
plastic composition”. The thermoplastic urethanes Were uti 
liZed (Rohm and Haas Corp., Philadelphia, Pa. or Noveon 
Corporation, Cleveland Ohio). Thermochromic and photo 
chromic could be used from various sources (Color Change 
Corporation, StreamWood 111., Keystone Aniline Corpora 
tion, Chicago Ill., B&H Colour Change Limited, London 
England). 
[0222] Molding Was accomplished using methods 
described in the above example “Direct pressure molded 
optical e?fect thermochromic, photochromic, photo-lumines 
cent color/shape/memory changing plastic structures”. Pro 
cessed shapes Were die cut and/or trimmed. The initial 
molded con?gurations Were set to appear as standard items. 
The contorted transient shapes could be pre-set prior at the 
factory prior to release and sale of the product or by a 
purchaser or user of the product during usage. To pre-set a 
neW shape, the molded item Was Warmed, contorted and then 
chilled. The pre-set con?guration Would be sustained until 
the item Was Warmed again and alloWed to re-achieve its 
original molded con?guration. All of the thermochromic, 
photochromic or other color and shape change reversible 
properties of the molded pieces Were maintained. 

Example 25 

[0223] Thermochromic, photochromic, photo-lumines 
cent/ shape changing pencils and pens: Optical e?fect color/ 
shape/memory plastic batches Were made in accordance 










