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IMAGING COMPOSITIONS AND METHODS 

[0001] This Patent Application is a continuation-in-part of 
co-pending patent application Ser. No. 10/890,507 ?led Jul. 
12, 2004, Which is a continuation-in-part of co-pending 
patent applications Ser. Nos. 10/773,989, 10/773,990, and 
10/773,991 ?led Feb. 6, 2004. 

[0002] The present invention is directed to imaging com 
positions having tWo separate functional components and 
methods of using the imaging compositions. More speci? 
cally, the present invention is directed to imaging compo 
sitions having tWo separate functional components Where 
one component is opaque and the second component under 
goes a color or shade change upon exposure to energy at loW 
poWers and methods of using the imaging compositions. 

[0003] There are numerous compositions and methods 
employed in various industries to form images on substrates 
to mark the substrates. Such industries include the paper 
industry, packaging industry, paint industry, medical indus 
try, dental industry, electronics industry, textile industry, 
aeronautical, marine and automotive industries, and the 
visual arts. 

[0004] Imaging or marking also is employed in proo?ng 
products, photoresists, soldermasks, printing plates and 
other photopolymer products. For example, US. Pat. No. 
5,744,280 discloses photoimageable compositions allegedly 
capable of forming monochrome and multichrome images, 
Which have contrast image properties. The photoimageable 
compositions include photooxidants, photosensitiZers, pho 
todeactivation compounds and deuterated leuco compounds. 
The leuco compounds are aminotriarylmethine compounds 
or related compounds in Which the methane (central) carbon 
atom is deuterated to the extant of at least 60% With 

deuterium incorporation in place of the corresponding 
hydrido aminotriaryl-methine. The patent alleges that the 
deuterated leuco compounds provide for an increased con 
trast imaging as opposed to corresponding hydrido leuco 
compounds. Upon exposure of the photoimageable compo 
sitions to actinic radiation a phototropic response is elicited. 

[0005] Laser imaging has lately been attracting attention 
as a high-speed and ef?cient marking method and is already 
put to practical use in some industries. Many laser imaging 
techniques involve irradiating only necessary areas of sub 
strates With laser light to denature or remove the irradiated 

area or irradiating a coated substrate With laser light to 

remove the irradiated coating layer thereby making a con 
trast betWeen the irradiated area (imaged area) and the 
non-irradiated area (background). 

[0006] Using a laser to mark an article such as a semi 
conductor chip is a fast and economical means of marking. 
There are, hoWever, certain disadvantages associated With 
state-of-the art laser imaging techniques that burn the sur 
face to achieve a desired mark. For example, a mark burned 
in a surface by a laser may only be visible at select angles 
of incidence to a light source. Further, oils or other con 

taminants deposited on the article surface subsequent to 
marking may blur or even obscure the laser mark. Addition 
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ally, because the laser actually burns the surface of the Work 
piece, for bare die imaging, the associated burning may 
damage any underlying structures or internal circuitry or by 
increasing internal die temperature beyond acceptable lim 
its. Moreover, Where the manufactured part is not produced 
of a laser reactive material, a laser reactive coating applied 
to the surface of a component adds expense and may take 
hours to cure. 

[0007] Alternatively, laser projectors may be used to 
project images onto surfaces. They are used to assist in the 
positioning of Work pieces on Work surfaces. Some systems 
have been designed to project three-dimensional images 
onto contoured surfaces rather than ?at surfaces. The pro 
jected images are used as patterns for manufacturing prod 
ucts and to scan an image of the desired location of a ply on 

previously placed plies. Examples of such uses are in the 
manufacturing of leather products, roof trusses, and airplane 
fuselages. Laser projectors are also used for locating tem 
plates or paint masks during the painting of aircraft. 

[0008] The use of scanned laser images to provide an 
indication of Where to place or align Work piece parts, for 
drilling holes, for forming an outline for painting a logo or 
picture, or aligning segments of a marine vessel for gluing 
requires extreme accuracy in calibrating the position of the 
laser projector relative to the Work surface. Typically six 
reference points are required for suf?cient accuracy to align 
Work piece parts. Re?ectors or sensors are positioned in an 
approximate area Where the ply is to be placed. Since the 
points are at ?xed locations relative to the Work and the 
laser, the laser also knoWs Where it is relative to the Work. 
Typically, Workers hand mark the place Where the laser 
beam image contacts the Work piece With a marker or 
masking tape to de?ne the laser image. Such methods are 
tedious, and the Workers’ hands may block the laser image 
disrupting the alignment beam to the Work piece. Accord 
ingly, misalignment may occur. 

[0009] Another problem associated With laser imaging is 
the potential for opthalmological damage to the Workers. 
Many lasers used in marking may cause retinal damage to 
Workers. Generally, lasers, Which generate energy exceeding 
5 mW present haZards to Workers. 

[0010] The inventors of the present invention have 
addressed the problems associated With laser imaging by 
formulating compositions Which change color or shade by 
applying energy at poWers of 5 mW or less. Applications of 
such compositions eliminate the problems associated With 
hand marking the places on a Work piece Where the laser is 
directed and at the same time the use of a loW poWer laser 

eliminates the potential of opthalmological damage to Work 
ers. 

[0011] In the applications of such compositions a color or 
shade contrast is desired betWeen the compositions and the 
Work pieces such that the Workers may readily distinguish 
betWeen the Work piece and the colored compositions to 
accurately modify the Work piece. The greater the color or 
shade contrast from the Work piece the easier it is for the 
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Workers to see the markings and more rapidly and accurately 
modify the Work piece. This is especially important in 
assembly line operations Where speed and accuracy are 
critical to optimum product output. HoWever, When a Work 
piece is of a similar color or shade as the color or shade of 

the markings, Workers ?nd it difficult to accurately locate the 
markings on the Work piece. Accordingly, speed and accu 
racy are compromised, and the ef?ciency of the manufac 
turing process is hindered. 

[0012] The imaging compositions are not alWays applied 
to a bare Work piece. Often the imaging compositions are 
applied to Work pieces Which have been previously treated 
or coated by various types of chemical compositions. The 
inventors have discovered that such coatings may cause dye 
compounds of the imaging compositions to leach out into 
the coatings and cause undesired chemical reactions Which 
result in the formation of unWanted color changes. Such 
color changes readily interfere With the desired color or 
shade contrast betWeen the marks on the imaging composi 
tions and the Work pieces and Workers are unable to perform 
their task. For eXample, airplane bodies are often coated 
With an epoXy primer material prior to applying paint or any 
additional coatings to the bodies. When the imaging com 
positions are applied to such airplane bodies, the dyes in the 
imaging compositions leach into the epoXy primers and turn 
the airplane bodies an undesired red. 

[0013] Accordingly, there is still a need for improved 
imaging compositions for marking a Work piece. 

[0014] Imaging compositions include a ?rst component 
including one or more opacifying compounds, and a second 
component including one or more sensitiZers. The ?rst 

component of the imaging compositions inhibits the leach 
ing of compounds from the second component into coatings 
on Work pieces on Which the imaging compositions are 
applied. The ?rst component also provides a color or shade 
contrast betWeen the second component of the imaging 
compositions and the Work pieces. The second component 
may be imaged by eXposing the compositions to energy 
levels of 5 mW or less. 

[0015] In another aspect the imaging compositions include 
a ?rst component including one or more opacifying com 

pounds and one or more release agents, and a second 

component including one or more sensitiZers and one or 

more release agents. 

[0016] The imaging compositions also may include one or 
more ?lm forming polymers, adhesives, plasticiZers, ?oW 
agents, chain transfer agents, organic acids, accelerators, 
surfactants, thickeners, monomers, rheology modi?ers, 
release agents, diluents and other optional components to 
tailor the compositions for a particular imaging method and 
Work piece. The imaging compositions may be applied to a 
Work piece to form an image on the Work piece for Workers 
to modify the Work piece to make an article. 

[0017] In a further aspect methods of imaging include 
providing a ?rst component of a composition including one 
or more opacifying compounds; applying the ?rst compo 
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nent of the composition to a Work piece; providing a second 
component of the composition including one or more sen 

sitiZers; applying the second component of the composition 
on the ?rst component; eXposing the composition to energy 
at poWers of 5 mW or less to affect a color or shade change 
in the second component; and executing a task on the Work 
piece as directed by the color or shade change of the second 
component of the composition to modify the Work piece. 
The energy may be applied selectively to form an imaged 
pattern on the Work piece. 

[0018] The image may be used as a mark to drill holes for 
fasteners, to join parts together, to align segments of parts, 
and to form an outline for making a logo or picture on 

articles such as terrestrial vehicles, aeronautical ships, 
marine vessels, terrestrial structures and textiles. Since the 
compositions may be promptly applied to the Work piece 
and the image promptly formed by application of energy at 
intensities of 5 mW or less to create a color or shade 

contrast, Workers no longer need to be adjacent the Work 
piece to mark laser beam images With a hand-held marker or 
tape in the fabrication of articles. Accordingly, the problems 
of blocking light caused by the movement of Workers hands 
and the sloWer and tedious process of applying marks by 
Workers using a hand-held marker or tape is eliminated. 
Further, the loW poWers of energy, Which are used to cause 
the color or shade change, eliminate or at least reduce the 

potential for opthalmological damage to Workers. 

[0019] The imaging compositions may be applied to the 
Work piece by methods Which include, but are not limited to, 
spray coating, brushing, roller coating, ink jetting, dipping 
and immersion. Energy sources for applying a suf?cient 
amount of energy to create the color or shade change include 
laser, infrared and ultraviolet light generating devices and 
apparatus. 

[0020] In one aspect the imaging compositions are peel 
able from the Work piece avoiding the use of undesirable 
solvents or developers. Such solvents and developers may 
be carcinogenic and potentially contaminate the environ 
ment, thus costly Waste treatment is used to reduce envi 
ronmental pollution. Accordingly, the imaging compositions 
provide for more ef?cient manufacturing than many con 
ventional alignment and imaging processes, and also may 
reduce the amount of Waste treatment. 

[0021] As used throughout this speci?cation, the folloW 
ing abbreviations have the folloWing meaning, unless the 
conteXt indicates otherWise: ° C.=degrees Centigarde; 

IR=infrared; UV=ultraviolet; gm=gram; mg=milligram; 
L=liter;7mL=milliliter; Wt %=Weight percent; erg=1 dyne 
cm=10 joules; J =joule; mJ=millijoule; nm=nanometer=10 
meters; cm=centimeters; mm=millimeters; W=Watt=1 joule/ 
second; and mW=milliWatt; ns=nanosecond; psec=micro 
second; HZ=hertZ; pm=microns; and Tg=glass transition 
temperature; A=delta=mathematical symbol designating a 
change in a variable. 

[0022] The terms “polymer” and “copolymer” are used 
interchangeably throughout this speci?cation. “Actinic 
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radiation” means radiation from light that produces a chemi 
cal change. “Photofugitive response” means that the appli 
cation of energy causes a colored material to fade or become 

lighter. “Phototropic response” means that the application of 
energy causes material to darken. “Changing shade” means 
that the color fades, or becomes darker. “(Meth)acrylate” 
includes both methacrylate and acrylate, and “(meth)acrylic 
acid” includes both methacrylic acid and acrylic acid. “Dilu 
ent” means a carrier or vehicle, such as solvents or solid 

?llers. “Opacity” means the property of being impervious to 
light rays, i.e. not transparent or translucent. “Opaque” 
means nontransparent and nontranslucent. “Translucent” 
means semitransparent. “Transparent” means a passage of 

rays of the visible spectrum. 

[0023] Unless otherWise noted, all percentages are by 
Weight and are based on dry Weight or solvent free Weight. 
All numerical ranges are inclusive and combinable in any 

order, except Where it is logical that such numerical ranges 
are constrained to add up to 100%. 

[0024] Imaging compositions include a ?rst component 
including one or more opacifying compounds, and a second 
component including one or more sensitiZers. The ?rst 

component of the imaging compositions inhibits leaching of 
compounds from the second component into coatings on 
Work pieces on Which the imaging compositions are applied. 
The ?rst component also provides a color or shade contrast 
betWeen the second component of the imaging compositions 
and the Work pieces. Further, including one or more opaci 
fying compounds in the ?rst component, increases the rate 
of color or shade change of the second component. The 
second component may be imaged by exposing the compo 
sitions to energy levels of 5 mW or less. 

[0025] The ?rst component including one or more opaci 
fying compounds is applied to the Work piece. The ?rst 
component is dried then the second component including the 
one or more sensitiZers is applied on the dried ?rst compo 

nent. The second component is then dried and the imaging 
composition is then imaged With energy at 5 mW or less. 
Workers then modify the Work piece based on the imaged 
composition. The composition may be removed from the 
Work piece by any suitable method. Typically, the compo 
sition is peeled from the Work piece. 

[0026] Often a Work piece may be suf?ciently dark in 
color or shade such as to reduce the contrast betWeen the 

imaged second component and the Work piece, thus com 
promising accurate modi?cation of the Work piece. Includ 
ing opacifying compounds in the second component causes 
a re?ection of a portion of the applied energy, thus requiring 
longer exposure times to affect the color or shade change. By 
including the opacifying compounds in the ?rst component, 
faster color and shade changes are achieved in the second 
component. 

[0027] The imaging compositions may be applied to a 
Work piece by any suitable method including, but not limited 
to, spraying, brushing, roller coating, ink jetting, dipping 
and immersion. The compositions may be removed from the 

Dec. 22, 2005 

Work piece by any suitable method such as With a developer, 
stripper or by peeling the unWanted portions from Work 
pieces. Typically, the compositions are peeled by hand or by 
using a suitable device or apparatus knoWn in the art such as 

a knife or scrapper. Peelable compositions avoid the use of 

environmentally haZardous solvents and developers, and 
reduce the amount of Waste. 

[0028] Any suitable opacifying compound Which provides 
a desired color or shade contrast betWeen the second com 

ponent and the Work piece may be used. Such compounds 
are used in the ?rst component in amounts of 1 Wt % to 80 

Wt %, or such as from 5 Wt % to 50 Wt %, or such as 10 Wt 

% to 20 Wt %. 

[0029] Opacifying compounds include, but are not limited 
to, pigments (inorganic and organic), metal salts, silica, 
silicates and clays. Organic pigments include, but are not 
limited to, indigo, phthalocyanine, para red and ?avanoids 
such as red, yelloW, blue, orange and ivory colors. Inorganic 
pigments include, but are not limited to, oxides such as 

titanium dioxide, Zirconium oxide, ceric oxide, antimony 
trioxide, arsenic pentoxide, aluminum oxide, Zinc oxide, 
cobalt oxide, cadmium oxide, chromium oxide, magnesium 
oxide, iron oxide and lead oxide. Also, mixed phase titanates 
and mixed phase oxides may be included. Metal salts 

include, but are not limited to, sul?des, sulfates, carbonates 
and hydroxides. Typically, the opacifying compounds are 
inorganic pigments. More typically, the opacifying com 
pounds are inorganic pigments such as titanium dioxide, 
aluminum oxide, Zinc oxide and silicates. Most typically the 
opacifying compounds are inorganic pigments such as tita 
nium dioxide, aluminum oxide and Zinc oxide. The opaci 
fying compounds have an average siZe of 0.01 pm to 10 pm, 
or such as from 0.5 pm to 5 pm, or such as from 1 pm to 3 

pm. 

[0030] In addition to the opacifying agents, the ?rst com 
ponent may include, but is not limited to, one or more 

additives such as ?lm forming polymers, diluents, thicken 
ers, rheology modi?ers, adhesives, plasticiZers, ?oW agents, 
organic acids, surfactants and release agents to tailor the ?rst 
component for compatibility With the second component and 
the Work piece. Typically, such additives are included in the 
?rst component as in the second component. 

[0031] Film forming polymers are included in the ?rst 
component to function as binders. Any ?lm forming poly 
mer may be employed in the ?rst component provided the 
polymers do not cause the opacifying agents to agglomerate 
or concentrate out of the ?rst component. Suitable ?lm 

forming polymers for the ?rst component include, but are 
not limited to, the ?lm forming polymers described beloW 
for the second component. The ?lm forming polymers are 
included in the ?rst component in amounts from 10 Wt % to 

95 Wt %, or such as from 15 Wt % to 80 Wt %, or such as 

from 25 Wt % to 65 Wt % of the ?rst component. 
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[0032] Optionally, an adhesive may be included in the ?rst 

component. The adhesive may be a permanent adhesive, a 

semi-permanent, a repositionable adhesive, a releasable 
adhesive, or freezer category adhesive. Many such adhesives 

may be classi?ed as hot-melt, hot-melt pressure sensitive, 
and pressure sensitive adhesives. Typically, the releasable 
adhesives are pressure sensitive adhesives. Typically, releas 

able, pressure sensitive adhesives are used. Such releasable, 

pressure sensitive adhesives include, but are not limited to, 

acrylics, polyurethanes, poly-alpha-ole?ns, silicones, com 
binations of acrylate pressure sensitive adhesives and ther 

moplastic elastomer-based pressure sensitive adhesives, and 
tacki?ed and natural rubbers. Adhesives may be included in 

the ?rst component in amounts of from 0.5 Wt % to 15 Wt 

%, or such as from 5 Wt % to 10 Wt % of the ?rst component. 

[0033] One or more amphoteric surfactants may be 
included in the ?rst component to act as release agents such 

that the imaging compositions may be readily peeled from a 
Work piece. Suitable amphoteric surfactants include those 
described beloW for the second component of the imaging 
compositions. The amphoteric surfactants are included in 
the ?rst component in the same amounts as in the second 

component. 

[0034] One or more diluents may be included in the ?rst 

component. Such diluents include, but are not limited to, 
Water and organic solvents. Examples of suitable organic 
solvents are described beloW for the second component of 

the imaging compositions. 

[0035] SensitiZers employed in the second component are 
compounds Which are activated by energy to change color or 
shade, or upon activation cause one or more other com 

pounds to change color or shade. The second component 
includes one or more photosensitiZers activated by visible 

light energy at poWers of 5 mW or less. Generally, such 
sensitiZers are included in amounts of from 0.005 Wt % to 10 

Wt %, or such as from 0.05 Wt % to 5 Wt %, or such as from 

0.1 Wt % to 1 Wt % of the second component. 

[0036] SensitiZers, Which are activated in the visible 
range, typically are activated at Wavelengths of from above 
300 nm to less than 600 nm, or such as from 350 nm to 550 

nm, or such as from 400 nm to 535 nm. Such sensitiZers 

include, but are not limited to, xanthene compounds and 
cyclopentanone based conjugated compounds. 
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[0037] Suitable xanthene compounds include, but are not 
limited to, compounds having the general formula: 

(I) 

[0038] Where X is hydrogen, sodium ion, or potassium 
ion; Y is hydrogen, sodium ion, potassium ion or —C2H5; 
R1 is hydrogen, Cl“, Br', or I“; R2 is hydrogen, Cl“, Br', or 
I‘; R3 is hydrogen, Cl‘, Br‘, I‘, or —NO2; R4 is hydrogen, 
—NO2, Cl“, Br', or I“; R5 is hydrogen, Cl“ or Br“; R6 is 
hydrogen, Cl“, or Br“; R6 is hydrogen, Cl“, or Br“; R7 is 
hydrogen, Cl‘, or Br‘; and R8 is hydrogen, Cl‘, or Br‘. 
[0039] Examples of such xanthene compounds are com 
pounds such as ?uorescein and derivatives thereof such as 
the halogenated xanthenes such as 2‘,4‘,5‘,7‘-tetrabromo-3, 
4,5,6-tetrachlorofluorescein (phloxin B), 2‘,4‘,5‘,7‘-tetraiod 
o?uorescein (erythrosin, erythrosin B, or C1. Acid Red 51), 
2‘,4‘,5‘,7‘-tetraiodo-3,4,5,6-tetrachloro?uorescein (Rose 
Bengal), 2‘,4‘,5‘,7‘,3,4,5,6-octabromo?uorescein (octabro 
mo?uorescein), 4,5,6,7-tetrabromoerythrosin, 4‘,5‘-dichlo 
ro?uorescein, 2‘,7‘-dichloro?uorescein, 4,5,6,7-tetrachlorof 
luorescein, 2‘,4‘,5‘,7‘-tetrachloro?uorescein, 
dibromo?uorescein, Solvent Red 72, diiodo?uorescein, 
eosin B, eosin Y, ethyl eosin, and salts thereof. Typically, the 
salts are alkali metal salts such as the sodium and potassium 
salts. Such xanthene compounds typically are used in 
amounts of from 0.05 Wt % to 2 Wt %, or such as from 0.25 
Wt % to 1 Wt %, or such as from 0.1 Wt % to 0.5 Wt % of 
the composition. 
[0040] Examples of suitable cyclopentanone based conju 
gated compounds are cyclopentanone, 2,5-bis-[4-(diethy 
lamino)phenyl]methylene]-, cyclopentanone, 2,5-bis[(2,3,6, 
7-tetrahydro-1H,5H-benZo[i,j ]quinoliZin-9-yl)methylene]-, 
and cyclopentanone, 2,5-bis-[4-(diethyl-amino)-2-meth 
ylphenyl]methylene]-. Such cyclopentanones may be pre 
pared from cyclic ketones and tricyclic aminoaldehydes by 
methods knoWn in the art. 

[0041] Examples of such suitable conjugated cyclopen 
tanones have the folloWing formula: 

<11) 
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[0042] Where p and q independently are 0 or 1, r is 2 or 3; 
and R9 is independently hydrogen, linear or branched (C1 
C1O)aliphatic, or linear or branched (C1-C1O)alkoXy, typi 
cally R9 is independently hydrogen, methyl or methoXy; R10 
is independently hydrogen, linear or branched (C1 
C1O)aliphatic, (C5-C7)ring, such as an alicyclic ring, alkaryl, 
phenyl, linear or branched (C1-C1O)hydroXyalkyl, linear or 
branched hydroXy terminated ether, such as —(CH2) —O— 
(CHR20)W—OH, Where v is an integer of from 2 to 4, W is 
an integer of from 1 to 4, and R20 is hydrogen or methyl and 
carbons of each R1O may be taken together to form a 5 to 7 
membered ring With the nitrogen, or a 5 to 7 membered ring 
With the nitrogen and With another heteroatom chosen from 
oXygen, sulfur, and a second nitrogen. Such sensitiZers may 
be activated at poWers of 5 mW or less. 

[0043] Other sensitiZers Which are activated in the visible 
light range include, but are not limited to, N-alkylamino aryl 
ketones such as bis(9-julolidyl ketone), bis-(N-ethyl-1,2,3, 
4-tetrahydro-6-quinolyl)ketone and p-methoXyphenyl-(N 
ethyl-1,2,3,4-tetrahydro-6-quinolyl)ketone; visible light 
absorbing dyes prepared by base catalyZed condensation of 
an aldehyde or dimethinehemicyanine With the correspond 
ing ketone; visible light absorbing squarylium compounds; 
1,3-dihydro-1-oXo-2H-indene derivatives; any of the cou 
marin based dyes Which include, but are not limited to, 
ketocoumarin, and 3,3‘-carbonyl bis(7-diethylaminocou 
marin), coumarin 6, coumarin 7, coumarin 99, coumarin 314 
and dimethoXy coumarin 99; halogenated titanocene com 
pounds such as bis(eta.5-2,4-cyclopentadien-1-yl)-bis(2,6 
di?uro-3-(1H-pyrrol-1-yl)-phenyl) titanium; and com 
pounds derived from aryl ketones and 
p-dialkylaminoarylaldehydes. Methods of making the fore 
going sensitiZers are knoWn in the art or disclosed in the 
literature. Also, many are commercially available. 

[0044] Optionally, the second component may include one 
or more photosensitiZers that are activated by UV light. Such 
sensitiZers Which are activated by UV light are typically 
activated at Wavelengths of from above 10 nm to less than 
300 nm, or such as from 50 nm to 250 nm, or such as from 

100 nm to 200 nm. Such UV activated sensitiZers include, 
but are not limited to, polymeric sensitiZers having a Weight 
average molecular Weight of from 10,000 to 300,000 such as 
polymers of 1-[4-(dimethylamino)phenyl]-1—(4-methox 
yphenyl)-methanone, 1-[4-(dimethylamino)phenyl]-1-(4 
hydroXyphenyl)-methanone and 1-[4-(dimethylamino)phe 
nyl]-1-[4-(2-hydroXyethoXy)-phenyl]-methanone; free bases 
of ketone imine dyestuffs; amino derivatives of triaryl 
methane dyestuffs; amino derivatives of Xanthene dyestuffs; 
amino derivatives of acridine dyestuffs; methine dyestuffs; 
and polymethine dyestuffs. Methods of preparing such com 
pounds are knoWn in the art. Typically, such UV activated 
sensitiZers are used in amounts of from 0.05 Wt % to 1 Wt 
%, or such as from 0.1 Wt % to 0.5 Wt % of the second 
component. 

[0045] Optionally, the second component may include one 
or more photosensitiZers that are activated by IR light. Such 
sensitiZers Which are activated by IR light are typically 
activated at Wavelengths of from greater than 600 nm to less 
than 1,000 nm, or such as from 700 nm to 900 nm, or such 
as from 750 nm to 850 nm. Such IR activated sensitiZers 
include, but are not limited to, infrared squarylium dyes, and 
carbocyanine dyes. Such dyes are knoWn in the art and may 
be made by methods described in the literature. Typically, 
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such dyes are included in the compositions in amounts of 
from 0.05 Wt % to 3 Wt %, or such as from 0.5 Wt % to 2 
Wt %, or such as from 0.1Wt % to 1 Wt % of the second 
component. 

[0046] Photoreducing agents also may be used in the 
second component. Compounds Which may function as 
photoreducing agents include, but are not limited to, one or 
more quinone compounds such as pyrenequinones such as 
1,6-pyrenequinone and 1,8-pyrenequinone; 9,10-an 
thrquinone, 1-chloroanthraquinone, 2-chloro-an 
thraquinone, 2-methylanthrquinone, 2-ethylanthraquinone, 
2-tert-butylanthraquinone, octamethylanthraquinone, 1,4 
naphthoquinone, 9,10-phenanthrenequinone, 1,2-benZaan 
thrquinone, 2,3-benZanthraquinone, 2-methyl-1,4-naphtho 
quinone, 2,3-dichloronaphthoquinone, 1,4 
dimethylanthraquinone, 2,3-dimethylanthraquinone, sodium 
salt of anthraquinone alpha-sulfonic acid, 3-chloro-2-methy 
lanthraquinone, retenequinone, 7,8,9,10-tetrahydronaph 
thacenequinone, and 1,2,3,4-tetrahydrobenZ(a)anthracene-7, 
12-dione. 

[0047] Other compounds Which may function as photore 
ducing agents include, but are not limited to, acyl esters of 
triethanolamines having a formula: 

[0048] Where R11 is alkyl of 1 to 4 carbon atoms, and 0 to 
99% of a C1 to C4 alkyl ester of nitrilotriacetic acid or of 
3,3‘,3“—nitrilotripropionic acid. Examples of such acyl esters 
of triethanolamine are triethanolamine triacetate and diben 
Zylethanolamine acetate. 

[0049] One or more photoreducing agent may be used in 
the second component to provide the desired color or shade 
change. Typically, one or more quinone is used With one or 
more acyl ester of triethanolamine to provide the desired 
reducing agent function. Photoreducing agents may be used 
in the compositions in amounts of from 0.05 Wt % to 50 Wt 
%, or such as from 5 Wt % to 40 Wt %, or such as 20 Wt % 
to 35 Wt %. 

[0050] Suitable color formers in the second component 
include, but are not limited to, leuco-type compounds. Such 
leuco-type compounds include, but are not limited to, ami 
notriarylmethanes, aminoXanthenes, aminothioXanthenes, 
amino-9,10-dihydroacridines, aminophenoXaZines, ami 
nophenothiaZines, aminodihydrophenaZines, antinodiphe 
nylmethines, leuco indamines, aminohydrocinnamic acids 
such as cyanoethanes and leuco methines, hydraZines, leuco 
indigoid dyes, amino-2,3-dihydroanthraquinones, tetrahalo 
p,p‘-biphenols, 2(p-hydroXyphenyl)-4,5-diphenylimida 
Zoles, and phenethylanilines. Typically, the aminotriaryl 
methane leuco dyes, such as the o-methyl substituted dyes, 
are used. The o-methyl substitution is believed to make the 
structure non-planar and more resistant to oxidation than 
many other leuco-type dyes. Color formers are included in 
amounts of from 0.1 Wt % to 5 Wt %, or such as from 0.25 
Wt % to 3 Wt %, or such as from 0.5 Wt % to 2 Wt % of the 
second component. 

[0051] OXidiZing agents also may be included in the 
second component to in?uence the color or shade change. 
Typically such oXidiZing agents are used in combination 
With one or more color formers. Compounds, Which may 
function as oXidiZing agents include, but are not limited to, 
heXaarylbiimidaZole compounds such as 2,4,5,2‘,4‘,5‘ 
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hexaphenylbiimidaZole, 2,2‘,5-tris(2-chlorophenyl)-4-(3,4 
dimethoxyphenyl)-4,5-diphenylbiimidaZole (and isomers), 
2,2‘-bis(2-ethoxyphenyl)-4,4‘,5,5‘,-tetraphenyl-1,1‘-bi-1H 
mimidaZole, and 2,2‘-di-1-naphthalenyl-4,4‘,5,5‘-tetraphe 
nyl-1‘-bi-1H-imidaZole. Other suitable compounds include, 
but are not limited to, halogenated compounds With a bond 
dissociation energy to produce a ?rst halogen as a free 
radical of not less than 40 kilocalories per mole, and having 
not more than one hydrogen attached thereto; a sulfonyl 
halide having a formula: R‘—SO2—X‘ Where R‘ is an alkyl, 
alkenyl, cycloalkyl, aryl, alkaryl, or aralkyl and X‘ is chlo 
rine or bromine; a sulfenyl halide of the formula: R“—S— 
X“ Where R“ and X“ have the same meaning as R‘ and X‘ 
above; tetraaryl hydraZines, benZothiaZolyl disul?des, poly 
metharylaldehydes, alkylidene 2,5-cyclohexadien-1-ones, 
aZobenZyls, nitrosos, alkyl (T1), peroxides, and haloamines. 
Typical examples of suitable halogenated sulfones include 
tribromomethyl aryl sulfones such as tribromomethylphenyl 
sulfone, tribromomethyl p-tolyl sulfone, tribromomethyl 
4-chlorophenyl sulfone, tribromomethyl 4-bromophenyl 
sulfone, and tribromomethyl phenyl sulfone. Such com 
pounds are included in the second component in amounts of 
from 0.25 Wt % to 10 Wt %, or such as from 0.5 Wt % to 5 
Wt %, or such as from 1 Wt % to 3 Wt %. Methods are knoWn 
in the art for preparing the compounds and many are 
commercially available. 
[0052] Film forming polymers may be included in the 
second component to function as binders. Any ?lm forming 
binder may be employed provided that the ?lm forming 
polymers do not adversely interfere With the desired color or 
shade change, and have a Tg of from —60° C. to greater than 
80° C. or such as from —60° C. to 80° C., or such as from 
greater than —60° C. to greater than 40° C., or such as from 
0° C. to 35° C. The ?lm forming polymers are included in 
amounts of from 10 Wt % to 90 Wt %, or such as from 15 Wt 
% to 70 Wt %, or such as from 25 Wt % to 60 Wt %. Typically, 
the ?lm forming polymers are derived from a mixture of acid 
functional monomers and non-acid functional monomers. 
Suitable acid functional monomers include, but are not 
limited to, (meth)acrylic acid, maleic acid, fumaric acid, 
citraconic acid, 2-acrylamido-2-methylpropanesulfonic 
acid, 2-hydroxyethyl acrylol phosphate, 2-hydroxypropyl 
acrylol phosphate, and 2-hydroxy-alpha-acrylol phosphate. 
[0053] Suitable non-acid functional monomers include, 
but are not limited to, esters of (meth)acrylic acid such as 
methyl acrylate, 2-ethyl hexyl acrylate, n-butyl acrylate, 
n-hexyl acrylate, methyl methacrylate, hydroxyl ethyl acry 
late, butyl methacrylate, octyl acrylate, 2-ethoxy ethyl meth 
acrylate, t-butyl acrylate, 1,5-pentanediol diacrylate, N,N 
diethylaminoethyl acrylate, ethylene glycol diacrylate, 1,3 
propanediol diacrylate, decamethylene glycol diacrylate, 
decamethylene glycol dimethacrylate, 1,4-cyclohexanediol 
diacrylate, 2,2-dimethyylol propane diacrylate, glycerol dia 
crylate, tripropylene glycol diacrylate, glycerol triacrylate, 
2,2-di(p-hydroxyphenyl)-propane dimethacrylate, triethyl 
ene glycol diacrylate, polyoxyethyl-2,2-di(p-hydroxyphe 
nyl)-propane dimethacrylate, triethylene glycol dimethacry 
late, polyoxypropyltrimethylol propane triacrylate, ethylene 
glycol dimethacrylate, butylenes glycol dimethacrylate, 1,3 
propanediol dimethacrylate, 1,2,4-butanetriol trimethacry 
late, 2,2,4-trimethyl-1,3-pentanediol dimethacrylate, pen 
taerythritol trimethacrylate, 1 -phenyl ethylene-1 ,2 
dimethacrylate, pentaerythritol tetramethacrylate, 
trimethylol propane trimethacrylate, 1,5-pentanediol 
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dimethacrylate; styrene and substituted styrene such as 
2-methyl styrene and vinyl toluene and vinyl esters such as 
vinyl acrylate and vinyl methacrylate. 

[0054] When the ?lm forming polymer has a Tg of —60° C. 
to 0° C., the ?lm forming polymers typically have from 0.1 
Wt % to 6 Wt % of the total Weight of the polymer at least 
one carboxy functional monomer, or such as from 0.5 Wt % 
to 6 Wt %, or such as from 1 Wt % to 5 Wt % of at least one 
carboxy functional monomer. When the ?lm forming poly 
mer has a Tg of greater than 0° C. to greater than 80° C., and 
one or more bases are included in the composition to 
maintain a pH range of 3 to 11 or such as from 8 to 11, the 
polymer may optionally include, as polymeriZed units, car 
boxy functional monomers in amounts of from 0.1 Wt % to 
6 Wt %, based on the total Weight of the dry ?lm forming 
polymer, or such as from 0.5 Wt % to 6 Wt %, or such as from 
0.1 Wt % to 5 Wt % of the total Weight of the dry ?lm forming 
polymer. 

[0055] Other suitable polymers include, but are not limited 
to, nonionic polymers such as polyvinyl alcohol, polyvinyl 
pyrrolidone, hydroxyl-ethylcellulose, and hydroxyethylpro 
pyl methylcellulose. Also polymers such as polyvinyl 
acetate may be used. 

[0056] Amphoteric surfactants may be included in the 
second component to function as release agents such that the 
compositions may be peeled from a Work piece. Such 
surfactants also stabiliZe particles of the polymers during 
and after aqueous emulsion polymeriZation, or other disper 
sion polymeriZations. Suitable amphoteric surfactants are 
those Which have Weakly acidic functionalities such as 
carboxy functionalities, and have isoelectric points of from 
pH 3 to pH 8. Such amphoteric surfactants may be included 
in the second component in amounts of from 0.1 Wt % to 6 
Wt %, or such as from 0.25 Wt % to 5 Wt %, or such as from 
0.5 Wt % to 4 Wt % of the ?lm forming binder polymer. Such 
amphoteric surfactants include, but are not limited to, amino 
carboxylic acids, amphoteric imidaZoline derivatives, 
betaine, ?uorocarbon and siloxane versions thereof, macro 
molecular amphoteric surfactants and mixtures thereof. 

[0057] Any of the aminocarboxylic acids may have car 
boxy moieties present in either protonated form or in car 
boxylate form. Where more than one carboxy group is 
present on a molecule, those carboxy groups may all be in 
protonated form, in carboxylate form, or they may be 
present as some mixture of protonated and carboxylate 
forms. Furthermore, the ratio of protonated to unprotonated 
carboxy moieties may vary from one molecule to another, 
otherWise identical, molecule in a given system. Cations 
present as counter ions for the carboxylate moieties include 
cations of lithium, sodium, potassium, amines (i.e., ammo 
nium cations derived from protonation or other quaternary 
substitution of amines), Zinc, Zirconium, calcium, magne 
sium, and aluminum. Any of the aminocarboxylic acids may 
have amino moieties present in either protonated (ammo 
nium) or free amine form (i.e., as deprotonated primary, 
secondary, or tertiary amine). Where more than one amino 
group is present on a molecule, those amino groups may all 
be in protonated form, in free amine form, or they may be 
present as some mixture of protonated and free amine forms. 
Again, the ratio of protonated to unprotonated amine moi 
eties may vary from one molecule to another, otherWise 
identical, molecule in a given system. Anions present as 
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counter ions for the ammonium moieties include chloride, 
bromide, sulfate, carbonate, hydroxide, formate, acetate, 
propionate and other carboXylate anions. 

[0058] Suitable aminocarboXylic acids include, but are not 
limited to: ot-aminocarboXylic acids having the general 
formula R12—NH—CH2COOH, Where R12=C4-C2O linear 
or branched, alkyl, alkenyl, or ?uoro or silicone functional 
hydrophobe group; and [3-aminocarboXylic acids having the 
general structures: R12—NH—CH2CH2COOH and 
R12N(CH2CH2COOH)2, Where R12=C4-C2O linear or 
branched, alkyl, alkenyl, or ?uoro or silicone functional 
hydrophobe group, [3-aminocarboXylic acids are available 
from Henkel Corporation, King of Prussia, Pa., under the 
name DERIPHA TM. Unless otherWise stated, the 
DERIPHATTM ampholytes have the general formula R13— 
NHCHZCHZCOOH, Where R13=residue of coconut fatty 
acids, residue of talloW fatty acids, lauric acid, myristic acid, 
oleic acid, palmitic acid, stearic acid, linoleic acid, other 
C4-C2O linear or branched, alkyl, alkenyl, and miXtures 
thereof DERIPHATTM ampholytes useful in the present 
invention include: sodium-N-coco-[3-aminopropionate 
(DERIPHATTM 151, ?ake 97% active); N-coco-[3-amino 
propionic acid (DERPHATTM 151C, 42% solution in Water); 
N-lauryl/myristyl-[3-aminopropionic acid (DERIPHATTM 
17° C., 50% in Water); disodium-N-talloW-[3-iminodipropi 
onate, R14N(CH2CH2COONa)2, (DERIPHATTM 154, ?ake 
97% active); disodium-N-lauryl-[3-iminodipropionate 
(DERIPHATTM 160, ?ake 97% active); and partial sodium 
salt of N-lauryl-[3-iminodipropionic acid, 
R14N(CH2CH2COOH)(CH2CH2COONa), (DERIPHATTM 
16° C., 30% in Water). Useful polyaminocarboXylic acids 
include R14C(=O)NHC2H4(NHC2H4)yNHCH2COOH and 
R14-substituted ethylenediaminetetraacetic acid (EDTA), 
Where R14=C4-C2O linear or branched, alkyl or alkenyl, and 
y=0—3. 

[0059] Amphoteric imidaZoline derivatives useful include 
those derived from variously substituted 2-alkyl-2-imidaZo 
lines and 2-alkenyl-2-imidaZolines Which have nitrogen 
atoms at the 1 and 3 positions of the ?ve-membered ring and 
a double bond in the 2,3 position. The alkyl or alkenyl group 
may be a C4-C2O linear or branched chain. The amphoteric 
imidaZoline derivatives are produced via reactions in Which 
the imidaZoline ring opens hydrolytically under conditions 
alloWing further reaction With such alkylating agents as 
sodium chloroacetate, methyl (meth)acrylate, ethyl (meth 
)acrylate, and (meth)acrylic acid. Useful amphoteric surfac 
tants derived from the reaction of 1-(2-hydroXyethyl)-2 
(R1)-2-imidaZolines With acrylic acid or acrylic acid esters, 
Where R15=residue of coconut fatty acids, are: 

[0060] cocoamphopropionate, 
(=O)NHCH2CH2N(CH2CH2OH)(CH2CH2COONa); 

[0061] 

R15— 

cocoamphocarboXypropionic acid, 

[0062] cocoamphocarboXypropionate, 
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[0063] cocoamphoglycinate, R15— 
(=O)NHCH2CH2N(CH2CH2OH)(CH2COONa); and 

[0064] cocoamphocarboXyglycinate, 

(CH2CH2OH)(CH2COONa)20H’. 

[0065] Surface-active inner salts containing at least one 
quaternary ammonium cation and at least one carboXy anion 
are called betaines. The nomenclature for betaines derives 
from the single compound (trimethylammonio)acetate 
Which is called betaine and exists as an inner salt. Betaines 
useful as amphoteric surfactants in the claimed invention 
include compounds of the general formulae: R16N+ 
(CH3)2CH2COO_; R16CONHCH2CH2CH2N+ 
(CH3)2COO_; and R16—O—CH2—N+(CH3)2CH2COO_, 
Where R16=C4-C2O linear or branched, alkyl, alkenyl, or 
?uoro or silicone functional hydrophobe group. Speci?c 
eXamples of betaines include N-dodecyl-N,N-dimethylgly 
cine and cocamidopropyl betaine and (MONATERICTM 
CAB available from Mona Industries). 

[0066] Typically, When ?uorocarbon substituents are 
attached to amphoteric surfactants, those substituents are 
per?uoroalky groups, branched or unbranched, having 6 to 
18 carbon atoms. HoWever, these substituents may instead 
be partially ?uorinated. They may also bear aryl function 
ality. Examples of ?uorocarbon amphoteric surfactants 
include ?uorinated alkyl FLUORADTM FC100 and ?uori 
nated alkyl ZONYLTM FSK, produced by 3M and Dupont, 
respectively. 

[0067] Typical siloXane functional amphoteric surfactants 
have, for eXample, the structures: 

(IV) 
(|:H3 CH3 CH3 CH3 

CH3—Ti—O Si—O Si—O Si—CH3 
CH3 CH3 R17 CH3 

II 1]] 

(V) 
(|:H3 CH3 CH3 

CH3—Ti—O Si—O Si—R17 
CH3 CH3 CH3 

II 

[0068] Wherein R17 represents an amphoteric moiety and 
m+n=3 to 50. An eXample is the polyalkyl betaine polysi 
loXane copolymer ABILTM B9950 available from Gold 
schmidt Chemical Corporation. 

[0069] Macromolecular amphoteric surfactants useful in 
the claimed invention include: proteins, protein hydroly 
sates, derivatives of protein hydrolysates, starch derivatives, 
and synthetic amphoteric oligomers and polymers. Of par 
ticular utility are those macromolecular ampholytes bearing 
carboXy functionality. 

[0070] Typically the imaging compositions are Within a 
pH range of from 3 to 11 or such as from 4 to 7. Optionally, 
a base may be employed to maintain the desired pH. To 
assist in maintaining the second component Within a desired 
pH range, any suitable base may be used. Examples of such 
bases include calcium carbonate, Zinc oXide, magnesium 
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oxide, calcium hydroxide or mixtures thereof. Bases are 
present in the imaging compositions in amounts of greater 
than 0.2 moles/100 gm of polymer to 2 moles/100 gm of 
polymer, or such as from 0.3 moles/100 gm of polymer to 
1.75 moles/100 gm of polymer, or such as from 0.4 moles/ 
100 gm of polymer to 1.5 moles/100 gm of polymer. 

[0071] Optionally, polyvalent metal cations may be 
included to form an ionic bond With a carboxylic acid group 
on one or more of the monomers Which compose the 

polymers. Any suitable polyvalent cation may be used Which 
forms an ionic bond With the carboxylic acid groups to 
achieve cross-linking. Such cations include, but are not 
limited to, Mg2+, Sr2+, Ba2+, Ca2+, Zn2+, A13", Zr4+ or 
mixtures thereof. Such polyvalent cations are included in the 
imaging compositions in amounts of 0.001 to 0.1 moles/100 
gm of dry polymer, or such as from 0.01 to 0.08 moles/100 
gm of dry polymer, or such as from 0.02 to 0.05 moles/100 
gm of dry polymer. 

[0072] When one or more bases containing polyvalent 
cations are included in combination With another source of 
polyvalent cations, the sum of the amounts of base and 
polyvalent metal cation is greater than 0.2 to 2 moles/100 
gm of polymer, or such as from 0.3 to 1.75 moles/100 gm of 
polymer, or such as from 0.4 to 1.5 moles/100 gm of 
polymer. 

[0073] Optionally, antioxidants may be included in the 
second component to stabiliZe the color or shade change to 
ambient radiation. The antioxidants are believed to arrest the 
oxidation of color formers When the compositions are 
exposed to ambient radiation. Arresting the oxidation of the 
color formers inhibits further color or shade change from 
ambient radiation. Accordingly, a color or shade contrast 
betWeen the portions of the composition marked by expo 
sure to loW intensity energy, such as by a laser, and the 
portions not exposed to the loW intensity energy, but only to 
ambient radiation, are maintained or stabiliZed. Any suitable 
antioxidant Which arrests the oxidation of color formers may 
be used. Examples of such antioxidants are hindered phenols 
and hindered amines. 

[0074] Hindered phenols include one or tWo sterically 
bulky groups bonded to the carbon atom or atoms contigu 
ous to the hydroxyl group-bonded carbon atom to sterically 
hinder the hydroxyl group. Examples of such hindered 
phenols are 2,6-di-tert-butyl-4-methylphenol, 2,2‘-methyl 
ene-bis(4-methyl-6-tertbutylphenol), 2,6-methylene-bis(2 
hydroxy-3-tert-butyl-5-methyl-phenyl)4-methylphenol, 
2,2‘-methylene-bis(4-ethyl-6-tert-butylphenol), 2,6-bis(2‘ 
hydroxy-3‘-tert-butyl-5‘-methylbenZyl)4-methyl-phenol, 
2,4,4-trimethylphenyl-bis(2-hydroxy-3,5-dimethylphenyl 
)methane, 2,2‘-methylene-bis[4-methyl-6-(1-methylcyclo 
hexyl)]phenol, 2,5-di-tert-butyl-4-methoxyphenol, 4,4‘-bu 
tylidenebis(6-tert-butyl-3-methyl-phenol), and 1,1,3-tris(2 
methyl-4-hydroxy-5-tertbutyl-phenyl)butane. 

[0075] Hindered amines include one or tWo sterically 
bulky groups bonded to the carbon atom or atoms adjacent 
to a nitrogen atom to sterically hinder the nitrogen. The 
nitrogen itself may have bulky groups bonded to it. 
Examples of suitable hindered amines include 2,2,6,6-tet 
raalkylpiperidine compounds including N-substituted 2,2,6, 
6-tetraalkylpiperidine compounds. Such compounds contain 
a group having a formula: 
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(VI) 
R19CH2 CH3 R19 

R18— N 

R19CH2 CH3 

[0076] Where R18 hydrogen, (C1-C18)alkyl, (C1 
C6)hydroxyalkyl, cyanomethyl, (C3-C8)alkenyl, (C3 
C8)alkynyl, (C7-C12)aralkyl Which may be unsubstituted or 
substituted in the alky moiety by hydroxyl, (C1-C8)alkanoyl 
or (C3-C5)alkenoyl; and R19 is hydrogen or methyl. 

[0077] The antioxidants may be micro-encapsulated in 
any suitable microcapsule formulation and by any suitable 
micro-encapsulating method. The microcapsule prevents 
mutual contact of the antioxidant contained in the micro 
capsule With the other materials outside of the microcapsule 
by the isolating action of the microcapsule Wall at room and 
storage temperatures. The microcapsules have increased 
permeability of their contents upon application of suf?cient 
heat or pressure. Permeation may be controlled by selecting 
suitable microcapsule Wall materials and microcapsule core 
materials. Examples of suitable Wall materials include poly 
urethanes, polyureas, polyamides, polyesters, polycarbon 
ates and combinations thereof. Typically, polyurethanes and 
polyureas are used to make the microcapsule Wall. 

[0078] The microcapsules may be formed by emulsifying 
the core material containing the antioxidant and subse 
quently forming a Wall around drops of the emulsi?ed core 
material. In preparation of the microcapsule, a reactant 
Which forms the Wall is added to the inside or outside of the 
drops. Speci?c procedures for forming microcapsules are 
described, for example, in US. Pat. No. 3,726,804, US. Pat. 
No. 3,796,696, US. Pat. No. 4,962,009, and US. Pat. No. 
5,244,769. 
[0079] Solvents suitable for forming the emulsion With the 
antioxidant include, but are not limited to, organic com 
pounds such as phosphoric acid esters, phthalic acid esters, 
(meth)acrylic acid esters, other carboxylic acid esters, fatty 
acid amides, alkylated biphenyls, alkylated terphenyls, alky 
lated naphthalenes, diarylethanes, chlorinated paraf?ns, and 
mixtures thereof. 

[0080] Auxiliary solvents may be added to the above 
described organic solvents. Such solvents include, but are 
not limited to, ethyl acetate, isopropyl acetate, butyl acetate, 
methylene chloride, cyclohexanone, and mixtures thereof. 

[0081] Protective colloids or surface active agents may be 
added to the aqueous phase for stabiliZing the emulsi?ed 
drops. Water-soluble polymers may be used as the protective 
colloids. An example of a suitable Water-soluble polymer is 
carboxyl-modi?ed polyvinyl alcohol. 

[0082] The siZe of the microcapsules may vary in siZe. 
Typically, the microcapsules have an average diameter of 
0.5 pm to 15 pm, or such as from 0.75 pm to 10 pm, or such 
as from 1 pm to 5 pm. 

[0083] Optionally, one or more chain transfer agents may 
be used in the second component. Such chain transfer agents 



US 2005/0282084 A1 

function as accelerators. Chain transfer agents or accelera 
tors increase the rate at Which the color or shade change 
occurs after exposure of energy. Any compound Which 
accelerates the rate of color or shade change may be used. 
Accelerators may be included in the second component in 
amounts of from 0.01 Wt % to 25 Wt %, or such as from 0.5 
Wt % to 10 Wt %. Suitable accelerators include, but are not 
limited to, onium salts, and amines. 

[0084] Suitable onium salts include, but are not limited to, 
onium salts in Which the onium cation is iodonium or 
sulfonium such as onium salts of arylsulfonyloxybenZene 
sulfonate anions, phosphonium, oxysulfoxonium, oxysulfo 
nium, sulfoxonium, ammonium, diaZonium, selononium, 
arsonium, and N-substituted N-heterocyclic onium in Which 
N is substituted With a substituted or unsubstituted saturated 
or unsaturated alkyl or aryl group. 

[0085] The anion of the onium salts may be, for example, 
chloride, or a non-nucleophilic anion such as tetra?uorobo 
rate, hexa?uorophosphate, hexa?uoroarsenate, hexa?uoro 
antimonate, tri?ate, tetrakis-(penta?uorophosphate) borate, 
penta?uoroethyl sulfonate, p-methyl-benZyl sulfonate, eth 
ylsulfonate, tri?uoromethyl acetate and penta?uoroethyl 
acetate. 

[0086] Examples of typical onium salts are diphenyl iodo 
nium chloride, diphenyliodonium hexa?uorophosphate, 
diphenyl iodonium hexa?uoroantimonate, 4,4‘-dicumyli 
odonium chloride, dicumyliodonium hexa?uorophosphate, 
N-methoxy-a-picolinium-p-toluene sulfonate, 4-methoxy 
benZene-diaZonium tetra?uoroborate, 4,4‘-bis-dodecylphe 
nyliodonium-hexa?uoro phosphate, 2-cyanoethyl-triph 
enylphosphonium chloride, bis-[4 
diphenylsulfonionphenyl]sul?de-bis-hexa?uoro phosphate, 
bis-4-dodecylphenyliodonium hexa?uoroantimonate and 
triphenylsulfonium hexa?uoroantimonate. 

[0087] Suitable amines include, but are not limited to 
primary, secondary and tertiary amines such as methy 
lamine, diethylamine, triethylamine, heterocyclic amines 
such as pyridine and piperidine, aromatic amines such as 
aniline and n-phenyl glycine, quaternary ammonium halides 
such as tetraethylammonium ?uoride, and quaternary 
ammonium hydroxides such as tetraethylammonium 
hydroxide. The triethanolamines of formula III also have 
accelerator activity. 

[0088] PlasticiZers also may be included in the second 
component. Any suitable plasticiZer may be employed. 
PlasticiZers may be included in amounts of from 0.5 Wt % 
to 15 Wt %, or such as from 1 Wt % to 10 Wt % of the second 
component. Suitable plasticiZers include, but are not limited 
to, phthalate esters such as dibutylphthalate, diheptylphtha 
late, dioctylphthalate and diallylphthalate, glycols such as 
polyethylene glycol and polypropylene glycol, glycol esters 
such as triethylene glycol diacetate, tetraethylene glycol 
diacetate, and dipropylene glycol dibenZoate, phosphate 
esters such as tricresylphosphate, triphenylphosphate, 
amides such as p-toluenesulfoneamide, benZenesulfoneam 
ide, N-n-butylacetoneamide, aliphatic dibasic acid esters 
such as diisobutyl-adipate, dioctyladipate, dimethylseba 
cate, dioctylaZelate, dibutylmalate, triethylcitrate, tri-n-bu 
tylacetylcitrate, butyl-laurate, dioctyl-4,5-diepoxycyclohex 
ane-1,2-dicarboxylate, and glycerine triacetylesters. 
[0089] One or more How agents also may be included in 
the second component. FloW agents may be included in 
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amounts of from 0.05 Wt % to 5 Wt % or such as from 0.1 
Wt % to 2 Wt % of the second component. Suitable ?oW 
agents include, but are not limited to, copolymers of alky 
lacrylates. An example of such alkylacrylates is a copolymer 
of ethyl acrylate and 2-ethylhexyl acrylate. 

[0090] Optionally, one or more organic acids may be 
employed in the second component. Organic acids may be 
used in amounts of from 0.01 Wt % to 5 Wt %, or such as 
from 0.5 Wt % to 2 Wt %. Suitable organic acids include, but 
are not limited to, formic acid, acetic acid, propionic acid, 
butyric acid, valeric acid, caproic acid, caprylic acid, capric 
acid, lauric acid, phenylacetic acid, benZoic acid, phthalic 
acid, isophthalic acid, terephthalic acid, adipic acid, 2-eth 
ylhexanoic acid, isobutyric acid, 2-methylbutyric acid, 
2-propylheptanoic acid, 2-phenylpropionic acid, 2-(p-isobu 
tylphenyl)propionic acid, and 2-(6-methoxy-2-naphthyl 
)propionic acid. 

[0091] Optionally, one or more non-ionic and ionic sur 
factants may be used. Surfactants may be included in the 
compositions in amounts of from 0.5 Wt % to 10 Wt %, or 
such as from 1 Wt % to 5 Wt % of the component. Suitable 
non-ionic surfactants include, but are not limited to, poly 
ethylene oxide ethers, derivatives of polyethylene oxides, 
aromatic ethoxylates, acetylenic ethylene oxides and block 
copolymers of ethylene oxide and propylene oxide. Suitable 
ionic surfactants include, but are not limited to, alkali metal, 
alkaline earth metal, ammonium, and alkanol ammonium 
salts of alkyl sulfates, alkyl ethoxy sulfates, and alkyl 
benZene sulfonates. 

[0092] Thickeners may be included in conventional 
amounts. Any suitable thickener may be incorporated in the 
components. Typically, thickeners range from 0.05 Wt % to 
10 Wt %, or such as from 1 Wt % to 5 Wt %. Suitable 
thickeners include, but are not limited to, loW molecular 
Weight polyurethanes such as having at least three hydro 
phobic groups interconnected by hydrophilic polyether 
groups. The molecular Weight of such thickeners ranges 
from 10,000 to 200,000. Other suitable thickeners include 
hydrophobically modi?ed alkali soluble emulsions, hydro 
phobically modi?ed hydroxyethyl cellulose and hydropho 
bically modi?ed polyacrylamides. 

[0093] Rheology modi?ers may be included in the com 
ponents in conventional amounts. Typically rheology modi 
?ers are used in amounts of from 0.5 Wt % to 20 Wt %, or 
such as from 5 Wt % to 15 Wt %. Rheology modi?ers 
include, but are not limited to, vinyl aromatic polymers and 
acrylic polymers. 

[0094] Diluents may be included to provide a vehicle or 
carrier for the components. Diluents are added as needed. 
Solid diluents or ?llers are typically added in amounts to 
bring the dry Weight of the components to 100 Wt %. Solid 
diluents include, but are not limited to, celluloses. Liquid 
diluents or solvents are employed to make solutions, sus 
pensions, dispersions or emulsions of the components. The 
solvents may be aqueous or organic, or mixtures thereof. 
Organic solvents include, but are not limited to, alcohols 
such as methyl, ethyl and isopropyl alcohol, diisopropyl 
ether, diethylene glycol dimethyl ether, 1,4-dioxane, terahy 
drofuran or 1,2-dimethoxy propane, and ester such as buty 
rolactone, ethylene glycol carbonate and propylene glycol 
carbonate, an ether ester such as methoxyethyl acetate, 
ethoxyethyl acetate, 1-methoxypropyl-2-acetate, 2-methox 
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ypropyl-l-acetate, 1-ethoxypropyl-2-acetate and 2-ethox 
ypropyl-l-acetate, ketones such as acetone and methylethyl 
ketone, nitriles such as acetonitrile, propionitrile and meth 
oxypropionitrile, sulfones such as sulfolan, dimethylsulfone 
and diethylsulfone, and phosphoric acid esters such as 
trimethyl phosphate and triethyl phosphate. Solvents also 
include coalescing solvents such as ethers. Examples of such 
ethers include ethylene glycol phenyl ether and tripropylene 
glycol n-butyl ether. 
[0095] Additional optional additives Which may be 
included in the components include, but are not limited to, 
defoaming agents, coalescing monomers, preservatives and 
mold inhibitors. They are included in conventional amounts. 

[0096] The ?rst and second components of the imaging 
compositions may be prepared by any suitable method. One 
method is to solubiliZe or disperse the Water-insoluble 
imaging compounds and other Water-insoluble compounds 
in a coalescing solvent. Any solvent Which disperses or 
solubiliZes the Water-insoluble imaging compounds may be 
used. Such coalescing solvents include, but are not limited 
to, ester alcohols and glycol ethers. The solution or disper 
sion is then emulsi?ed With an aqueous base portion con 
taining polymer binders and other Water-soluble com 
pounds. Conventional emulsi?cation methods may be used 
to prepare oil in Water emulsions. 

[0097] The components of the imaging compositions may 
be in the form of a concentrate. In such concentrates, the 
solids content may range from 80 Wt % to 98 Wt %, or such 
as from 85 Wt % to 95 Wt %. Concentrates may be diluted 
With Water, one or more organic solvents, or a mixture of 
Water and one or more organic solvents. Concentrates may 
be diluted such that the solids content ranges from 5 Wt % 
to less than 80 Wt %, or such as from 10 Wt % to 70 Wt %, 
or such as from 20 Wt % to 60 Wt %. 

[0098] The imaging compositions may be applied to a 
Work piece by any suitable method. Such methods include, 
but are not limited to, spray coating, brushing, roller coating, 
ink jetting, dipping and immersion. 
[0099] Upon application of a suf?cient amount of energy 
to the imaging compositions, a photofugitive or a phototro 
pic response occurs. The amount of energy may be from 0.2 
mJ/cm2 and greater, or such as from 0.2 mJ/cm2 to 100 
mJ/cm2, or such as from 2 mJ/cm2 to 40 mJ/cm2, or such as 
from 5 mJ/cm2 to 30 mJ/cm2. 

[0100] The second component of the imaging composi 
tions undergoes color or shade changes With the application 
of intensities of 5 mW of energy or less (i.e., greater than 0 
mW), or such as from less than 5 mW to 0.01 mW, or such 
as from 4 mW to 0.05 mW, or such as from 3 mW to 0.1 mW, 
or such as from 2 mW to 0.25 mW or such as from 1 mW 
to 0.5 mW. Typically, such intensities are generated With 
light sources in the visible range. Other photosensitiZers and 
energy sensitive compounds, Which may be included in the 
second component of the imaging compositions, may elicit 
a color or shade change upon exposure to energy from light 
outside the visible range. Such photosensitiZers and energy 
sensitive compounds are included to provide a more pro 
nounced color or shade contrast With that of the response 
caused by the application of 5 mW or less. Typically 
photosensitiZers and energy sensitive compounds, Which 
form the color or shade contrast With photosensitiZers acti 
vated by energy at intensities of 5 mW or less, elicit a 
phototropic response. 
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[0101] While not being bound by theory, one or more 
color or shade changing mechanisms are believed involved 
to provide a color or shade change after energy is applied. 
For example, When a photofugitive response is induced, the 
one or more sensitiZers release a free radical to activate the 

one or more photoreducing agents to reduce the one or more 

sensitiZers to affect the color or shade change in the com 
position. When a phototropic response is induced, for 
example, free radicals from one or more sensitiZers induce 
a redox reaction betWeen one or more leuco-type com 

pounds and one or more oxidiZing agents to affect the color 
or shade change. Some formulations have combinations of 
photofugitive and phototropic responses. For example, 
exposing a composition to arti?cial energy, i.e., laser light, 
generates a free radical from one or more sensitiZers Which 

then activates one or more photoreducing agents to reduce 
the sensitiZer to cause a photofugitive response, and then 
exposing the same composition to ambient light to cause one 
or more oxidiZing agents to oxidiZe one or more leuco-type 
compounds. 

[0102] Any suitable energy source may be used to induce 
the photofugitive or phototropic response. Examples of 
suitable energy sources include, but are not limited to, lasers, 
including lasers generated from hand held lasers and 3-D 
imaging systems, and ?ash lamps. Operating Wavelengths of 
lasers may range from IR through UV. An example of a 
suitable laser is a neodymium (Nd) doped YAG laser oper 
ating at frequencies of 473 nm and 532 nm. 

[0103] The imaging compositions provide a rapid and 
ef?cient means of changing the color or shade of a Work 
piece or of placing an image on a Work piece. After the 
imaging composition is applied to a Work piece, a suf?cient 
amount of energy is applied to the imaging composition to 
change its color or shade. The energy may be applied 
selectively to the imaging compositions. Generally, the color 
or shade change is stable. The term “stable” means that the 
color or shade change lasts at least 10 seconds, or such as 
from 20 minutes to 2 days, or such as from 30 minutes to 8 
hours. Certain formulations Which are sensitive to light at 
473 nm are stable inde?nitely under controlled conditions 
Where blue light is ?ltered. 

[0104] The image may be used as a mark or indicator to 
drill holes for fasteners to join parts together, cutting por 
tions of the Work piece and masking such as in the assembly 
of terrestrial vehicles such as automobiles, trucks, terrestrial 
and amphibious military vehicles, aeronautical ships such as 
airplanes and interplanetary vessels, marine vessels such as 
ships and boats, and terrestrial structures such as houses, 
buildings in general and furniture; and to form an outline for 
making a logo or picture on parts of terrestrial vehicles, 
aeronautical ships, marine vessels, terrestrial structures, and 
textiles. Since the compositions may be promptly applied to 
a Work piece and the image promptly formed by application 
of energy to create color or shade contrast, Workers no 
longer need to Work adjacent the Work piece to mark laser 
beam images With hand-held ink markers or tape in the 
fabrication of articles. Accordingly, the problems of block 
ing laser beams caused by Workers using the hand-held 
markers and tape are eliminated. 

[0105] Further, the reduction of human error increases the 
accuracy of marking. This is important When the marks are 
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used to direct the alignment of parts Where accuracy in 
fabrication is critical to the reliable and safe operation of the 
machine. 

EXAMPLE 1 

Imaging Composition 

[0106] A primer or ?rst component of the imaging com 
position has a formula as disclosed in Table 1 beloW. 

TABLE 1 

Compounds Percent Weight 

Film forming acrylic polymer binder 80 
Zinc oxide 10 
Cocoamphopropionate 5 
Ethylene glycol phenyl ether 1 
Water 4 

[0107] The acrylic polymer is a latex polymer Which may 
be prepared by knoWn methods in the art, or may be obtained 
commercially from Rohm and Haas Company of Philidel 
phia, Pa. under the tradename RHOPLEXTM E-1801. The 
liquid compounds are blended together at room temperature 
to form an emulsion. The Zinc oxide particles With an 
average siZe of 1 pm are then blended With the emulsion at 
room temperature to form a suspension. The suspension has 
a White appearance due to the Zinc oxide pigment. 

[0108] The second component or photosensitive compo 
nent has a formula as disclosed in Table 2 beloW. The 
compounds are combined at room temperature under red 
light. 

TABLE 2 

Compounds Weight Percent 

Copolymer of styrene and acrylic acid 25 
Calcium carbonate 20 
Cyclopentanone-2,5—bis[[4— 0.5 
(diethylamino)phenyl]methylene]— 
Leuco Crystal Violet 1 
o-chloro-hexaarylbiimidazole 6.5 
1,2-naphoquinone 0.5 
Triethanolamine triacetate 1.5 
Polyalkyl betaine polysiloxane copolymer 2 
Ester alcohol 8 
Water 35 

[0109] Copolymers of styrene and acrylic acid are knoWn 
and methods for preparing them may be found in the 
literature. They also are commercially available from Rohm 
and Haas Company under the tradename RHOPLEXTM 
P-376. The copolymer is mixed in Water With the polyalkyl 
betaine polysiloxane copolymer to form an aqueous suspen 
sion. Calcium carbonate is added to the suspension to 
maintain a pH of 8 to 11. 

[0110] The imaging compounds: leuco crystal violet, 
o-chloro-hexaarylbiimidaZole, 1,2-naphthaquinone, trietha 
nolamine triacetate and cyclopentanone-2,5-bis[[4-(diethy 
lamino)phenyl]methylene]-are mixed together in the ester 
alcohol to form an organic solution. A commercially avail 
able ester alcohol is TEXANOLTM, Which is available from 
Eastman Chemical Co., Kingsport, Tenn. The aqueous sus 
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pension is emulsi?ed With the organic solution using a 
conventional emulsi?er to form an oil in Water emulsion. 

[0111] The primer is spray coated on a surface of an 
aluminum airplane body Which is coated With an epoxy 
primer designated as BR127 manufactured and sold by 
American Cyanamide Corporation. The epoxy primer gives 
the aluminum surface a dark green appearance. The primer 
described in Table 1 provides a White contrast With the dark 
green aluminum surface. 

[0112] The second component or photosensitive compo 
nent is spray coated on the ?rst component. The second 
component is amber in appearance. The Workers selectively 
form a pattern of cross-marks on the imaging composition 
With a 532 nm green light laser at 5 mW to designate Where 
holes are to be drilled for fasteners. The points on the 
photosensitive layer exposed to the laser turn from amber to 
a clear appearance revealing the White primer underlayer. 
The White of the cross-marks provides a clear contrast With 
the amber and dark green backgrounds such that Workers 
may clearly determine Where they are to drill the holes. After 
the holes are drilled the imaging composition is hand peeled 
from the aluminum surface and discarded. No developers or 
strippers are used to remove the imaging composition. 

[0113] There is no indication that any of the dyes such as 
the leuco crystal violet or the cyclopentanone sensitiZer dye 
leach out of the second component and into the epoxy 
primer. The red color characteristic of such leaching is not 
observed. Additionally, the inclusion of the Zinc oxide 
pigment in the ?rst component is expected to increase the 
photospeed of the color change by a A=+0.5 to +1 as 
measured by a re?ection densitometer. 

EXAMPLE 2 

Imaging Composition 

[0114] A primer or ?rst component of an imaging com 
position is composed of the compounds disclosed in Table 3 
beloW. 

TABLE 3 

Compounds Weight Percent 

Vinyl acetate/acrylic copolymer emulsion 75 
2-alkyl-2-imidazoline 4 
Titanium dioxide 10 
Ethylene glycol phenyl ether 1 
Water 10 

[0115] The vinyl acetate/acrylic copolymer is knoWn in 
the art and methods of preparing it are Well knoWn. Such 
copolymers are commercially available from Rohm and 
Haas Company under the tradename ROVACETM 661. The 
imidaZoline is mixed With the ethylene glycol to form a 
uniform suspension and then added to the copolymer emul 
sion and mixed. This mixture is then mixed With Water to 
form a suspension. The tintanium dioxide pigment With an 
average particle siZe of 0.51 pm is mixed With the suspen 
sion to form a dispersion. The dispersion has a White 
appearance. 

[0116] The folloWing photosensitive component is pre 
pared at room temperature under red light. 
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TABLE 4 

Component Weight Percent 

Vinyl acetate/acrylic copolymer emulsion 7 
2-alkyl-2-imidazoline 
Vinyl aromatic polymer 
Leuco Crystal Violet 
Tribromo methyl phenyl sulfone 
2',4',5‘,7'—tetraiodo—3,4,5,6-tetrachlorofluorescein 
disodium salt 
2,2’—methylene—bis(4—methyl—6-tertbutylphenol) 
Ethylene glycol phenyl ether 
Water 

[0117] The copolymer, vinyl aromatic polymer, and the 
2-alky-2-imidaZoline are mixed in Water to form an aqueous 
emulsion. 

[0118] The imaging components: leuco crystal violet, tri 
bromo methyl phenyl sulfone, 2‘,4‘,5‘,7‘-tetraiodo-3,4,5,6 
tetrachloro?uorescein disodium salt, and micro-encapsu 
lated 2,2‘-methylene-bis(4-methyl-6-tertbutylphenol) are 
solubiliZed in ethylene glycol phenyl ether to form an 
organic solution. The aqueous emulsion and the organic 
solution are mixed to form an oil in Water emulsion imaging 
composition. 

[0119] The ?rst component of the imaging composition is 
roller coated on a surface of an aluminum airplane fuselage 
and dried. The fuselage is coated With BR127 epoxy primer 
Which gives the aluminum surface a dark green color. The 
?rst component is White and provides a color contrast With 
the aluminum surface. 

[0120] The second component of the imaging composition 
is spray coated on the ?rst component. The second compo 
nent is translucent and the White ?rst component is visible 
under the photosensitive second component. The second 
component is then dried. 

[0121] Workers selectively image an outline of a company 
logo on the second component of the imaging composition 
using a 3D, 532 nm Nd:YAG laser at 5 mW. The outline on 
the second component turns purple and the White back 
ground from the ?rst component provides a sharp contrast 
between the purple outline and the dark green aluminum 
surface such that Workers can readily distinguish the purple 
outline. 

[0122] The imaging composition is scored along the 
purple outline and the portion Within the outline is peeled 
from the fuselage and discarded leaving an exposed alumi 
num surface. The exposed aluminum is then painted to form 
the logo on the fuselage. The remainder of the imaging 
composition is then peeled from the fuselage and discarded. 
No developer or organic solvents are used to remove the 
imaging composition from the fuselage. 

[0123] There is no indication of leaching of the dyes from 
the second component into the epoxy primer. No red color 
characteristic of such leaching is observed. Additionally, the 
inclusion of the pigment in the ?rst component is expected 
to increase the photospeed of the color change by a A=+0.5 
to +1, as measured by a conventional re?ection densitom 
eter. 
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EXAMPLE 3 

Comparative 

[0124] The folloWing composition is prepared at room 
temperature in an area having ambient light ?ltered of green 
light. 

TABLE 5 

Component Weight Percent 

Copolymer of styrene and acrylic acid 70 
Sodium-N-coco-[5-aminopropionate 4 
Aluminum oxide 10 
Aminotriarylmethane dye 2 
Tripropylene glycol n-butyl ether 2 
Tribromo methyl sulfone 0.5 
n-Phenyl glycine 0.5 
Eosin B 1 
Water 10 

[0125] The sodium-N-coco-B-aminopropionate is mixed 
With the styrene and acrylic copolymer to form a suspension. 
The dye, eosin B, n-phenyl glycine and sulfone are mixed 
together With tripropylene glycol n-butyl ether to form a 
second suspension. The tWo suspensions are mixed and then 
Water is added to the mixture to form an oil in Water 
emulsion. The mixing process is done at room temperature. 

[0126] The aluminum oxide pigment With an average 
particle siZe of 0.5 pm is added to the oil in Water emulsion 
and mixed to form a dispersion. The mixing is done at room 
temperature. 

[0127] The photosensitive dispersion is then spray coated 
on an aluminum plate 5 meters><5 meters. The aluminum 
plate is coated With a conventional epoxy primer used in 
priming aluminum airplane fuselages prior to painting. After 
application of the photosensitive dispersion to the primed 
aluminum plate, the interface betWeen the aluminum plate 
and the photosensitive dispersion begins to turn a red color. 
The red color expands across the aluminum and also into the 
imaging composition. This undesired color change compro 
mises the color or shade contrast betWeen the portions of the 
imaging composition exposed to laser light and the alumi 
num plate. Accordingly, Workers ?nd it dif?cult to locate the 
marks formed on the imaging composition indicating the 
marks for modi?cation of the aluminum plate. The red color 
is believed to be caused by the sensitiZer dye eosin B 
leaching into the epoxy primer on the aluminum plate. 

[0128] A primer having a formulation disclosed in the 
table beloW is prepared. 

TABLE 6 

Compound Percent Weight 

Copolymer of styrene and acrylic acid 80 
Sodium-N-coco-[5-aminopropionate 2 
Tripropylene glycol n-butyl ether 3 
Aluminum oxide 10 
Water 5 

[0129] The primer is prepared by mixing the copolymer, 
sodium-N-coco-B-aminopropionate and tripropylene glycol 
n-butyl ether to form a suspension. Aluminum oxide is 
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added to the suspension followed by mixing in a conven 
tional sonic mixer With Water added during the process. The 
mixing is done at room temperature. 

[0130] A photosensitive component is prepared as 
described in Table 5 above, except that the aluminum oxide 
pigment is excluded in the formulation. Water is added to the 
component to make up the Weight difference and bring the 
component to 100 Wt %. 

[0131] The primer described in Table 6 is roller coated on 
a 5 meters><5 meters aluminum plate Which is coated With an 
epoxy primer used in priming aluminum airplane fuselages 
prior to applying paint. The primer is dried and presents a 
White contrast With the dark green of the primer coated 
aluminum plate. 

[0132] The photosensitive component is spray coated over 
the primer of Table 6 to form an imaging composition on the 
aluminum plate. The photosensitive component is dried over 
the primer or ?rst component. The photosensitive compo 
nent is translucent and the White underlying primer is visible 
creating a color contrast betWeen the imaging composition 
and the dark green aluminum plate. No red color is observed 
forming on the aluminum or in the imaging composition. 
Accordingly, the eosin B sensitiZer dye is not believed to be 
leaching from the photosensitive component. 

[0133] A532 nm laser at 5 mW is used to selectively affect 
a color change in the imaging composition With cross 
marks. The color of the cross-marks is purple and presents 
a clear, visible contrast With the White background of the 
unexposed portions of the imaging composition and the dark 
green aluminum plate. Accordingly, Workers can readily 
modify the aluminum plate based on the purple cross-marks. 

[0134] In addition to preventing the sensitiZer dye from 
leaching into the epoxy primer on the aluminum plate, and 
presenting improved color contrast over the photosensitive 
component, the imaging composition is expected to have an 
increased photospeed by a A=+0.5 to +1, as measured by a 
re?ection densitometer. 

What is claimed is: 
1. An imaging composition comprising a ?rst component 

comprising one or more opacifying compounds, and a 
second component comprising one or more sensitiZers. 
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2. The imaging composition of claim 1, Wherein the one 
or more opacifying compounds are chosen from pigments, 
metal salts, silica, silicates and clays. 

3. The imaging composition of claim 1, Wherein the one 
or more sensitiZers are chosen from xanthene compounds 
and cyclopentanone based conjugated compounds. 

4. The imaging composition of claim 1, Wherein the ?rst 
component further comprises one or more adhesives. 

5. The imaging composition of claim 1, Wherein the 
second component further comprises one or more color 
formers. 

6. The imaging composition of claim 1, Wherein the 
second component further comprises one or more micro 
encapsulated antioxidants. 

7. An imaging composition comprising a ?rst component 
comprising one or more opacifying compounds and one or 
more release agents, and a second component comprising 
one or more sensitiZers and one or more release agents. 

8. A method comprising: 

a) providing a ?rst component of an imaging composition, 
the ?rst component comprises one or more opacifying 
compounds; 

b) applying the ?rst component of the imaging composi 
tion to a Work piece; 

c) providing a second component of the imaging compo 
sition, the second component comprises one or more 
sensitiZers; 

d) applying the second component of the imaging com 
position on the ?rst component; 

e) applying energy to the imaging composition at poWers 
of 5 mW or less to affect a color or shade change in the 
second component of the imaging composition; and 

f) executing a task on the Work piece as directed by the 
color or shade change of the second component of the 
imaging composition to modify the Work piece. 

9. The method of claim 8, further comprising the step of 
removing the imaging composition from the Work piece by 
peeling the imaging composition from the Workpiece. 

10. The method of claim 8, Wherein the Work piece is 
chosen from a terrestrial vehicle, an aeronautical ship, a 
marine vessel, a terrestrial structure, and a textile. 

* * * * * 


