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filnms. 9 BACKGROUND OF THE | NVENTI (&¢: Eoating: of ------------- ;
plastic filyv8 or surfaces e. g;RI]ﬁTMy@.& hﬂmhmwpppml ene, etc. for
aesthetic aor 12 functi onal nd i nportance. A

13 mgj or use of such filns |s i FERRRy %fci%lwzwf’“ El ectrostatic
printing ha inheremé agvrexdemes shiveéntion relates to an improved

4 electrostatic processes for printing or coating on polymer

films and surfaces with toner and toner inks. The invention

specifically relates to a method of achieving high quality

high contrast colored or multi-colored images in continuous

roll prihting on transparent, flexible packaging films.
BACKGROUND OF THE INVENTION

10 The coating of plastic films or surfaces e.g.

O O N o »

11 polyethylene, polypropylene, etc. for aesthetic or
12 functional purposes is of great utility and importance. A
‘13 major use of such films is in food packaging.

14 Electrostatic printing has inherent advantages which
15 would appear to make it particularly desirable for printing
16 on plastic films. The inherent advantages dinclude
17 adaptability to short runs economically, high resolution, on
18 demand printing and good visibility. However, at present,
19 printing on transparent films, especially multi-color
20 printing is commercially performed in multi-head presses,
21 and only in long runs. |

22 SUMMARY OF THE INVENTION

23 It is an object of certain aspects of the present
24 invention to produce improved quality color images
25 electrostatically on transparent plastic films and
26 substrates.

27 Color integrity of multi-color images is improved by
28 optimizing the image forming and transfer stages of the
29 printing process.

30 'In order to improve the visibility of color images
31 printed on the inner surface of transparent flexible
32 packaging, according to a preferred embodiment of the
33 invention, the color image is overcoated with a
34 substantially opaque toner layer at least in those portions
35 of the packaging which are printed with color toners. Thus
36 on the packaging material, at least one color toner layer is



15 woul*d appear—te—wake—itt—particufarly desirable for printing 16 on
plastic fil ns. Th,T.hi

iﬁ@%%ﬁﬂ&x- algages include 17 adaptability to short
runs economi cal | ycnnﬁ\ @ﬁ‘“]jn on 18 demand printing and good
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visibility. Howeve 19 printing on transparent fil ns,
especia&b% mul ti-c g is cogmercially performed in multi-head
presses, 21 and only in long runs. 22 SUMWARY OF THE

| NVENTI ON 23 It is an object of certain aspects of the present 24

i nvention to produce inproved quality col or ingges 25 el ectrostatically on

transparenil Slidatedi cheseRit260s e rapterial, apd # Yhidfe ey erther
mul ti-col o bpRgee layerTRis0%aduditedd velbling Aih) ddl®rdt Jaye) Bl &psks,
transter Sgag%%.qff%g%her away from the material. Such images are viewed
4 from the unprinted side of the substrate.
Alternatively, the complete multi-layer image is
printed with the opaque layer uppermost on the intermediate
transfer member so that, when the image is transferred to

the substrate, the opaque layer is closest to the substrate.
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Such images are viewed from the printed side of the
10 substrate.

11 Additionally, the white toner layer may also extend
12 past the edges of the colored layers and directly contact
13 the packaging material.

14 In order to avoid - unnecessary alignment and
15 registration steps, the different color images involved are
16 sequentially transferred from an image forming surface onto
17 an intermediate transfer member, each in alignment with
18 previocous images. The intermediate transfer member is heated
19 so that each color image coalesces into a cohesive film, in
20 which the respective color pigments are held so that they do
21 not diffuse into other layers. Miking of colors, especially
22 with the opaque pigment is detrimental to image quality.

23 Each complete multi-color image is subseguently
24 transferred from the intermediate transfer member to the
25 substrate.

26 Another object of certain aspects of the present
27 invention is to provide a process for printing toner polymer
28 images on ionomer (high or low molecular weight) or ethylene
29 vinyl acetate coatings on polymer surfaces, thereby
30 achieving improved qualities. The toner polymer images may
31 be based on high molecular weight ionomers, e.g. Surlyns,
32 low molecular weight ionomers, e.g. Aclyns, ionomers having
33 an intermediate molecular weight, ethylene wvinyl acetate
34 polymers and ethelene copolymers or terpolymers e.g., Bynels
35 and Nucrels, to achieve improved qualities, such as
36 sealability, adhesiveness, food compatibility, and others.
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29 printing process. 30 In order to inprove the visibility of color

| mages 31 printed-onthetnmer—surface of transparent flexible 32
packagi ng, accordi ng. D .ArREekeLLeds enbodi ment of the 33 invention, the
color imge is ov a 34 substantially opaque toner |ayer
at least_in those poa ﬂl Wihe pac@?ging which are printed with col or
toners. Pffus 36 on t terialy Tat |east one color toner |ayer
S -2- 1 situated closest to the material, and a white or other 2 opaque
| ayer is situated behind the colored |ayer or |ayers,

In other aspects of the invention special toners,

including opague white, silver, gold and fluorescent toners
have been prepared by adding pigments to a hot ionomer
solution, preferably of low molecular weight ionomers, and
stirring the mixture as it cools. This procedure has been
used to prepare gold, silver, white opaque TiO, based,
magnetic and fluorescent inks, respectively. |

There is thus provided; in accordance with a preferred
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embodiment of the invention, a printing process for forming
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o

high contrast color images on polymer surfaces, comprising:

=
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(a) forming a layer of substantially opague liguid

-
N

toner comprising polymer based toner particles and a carrier

b
w

liquid, on an imaging surface;

)
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(b) transferring the layer to an intermediate transfer

-
n

member:;

-
(o))

(c) heating the layer on the intermediate transfer

=
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member to a temperature at which the toner particles at
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least partially coalesce:;

=
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(d) repeating (a) to (c) sequentially for at least one

N
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subsequent layer in at least one color, said at least one

N
s

subsequent layer being transferred to the intermediate

N
N

transfer member onto the opaque layer to form multiple

N
w

layers on the intermediate transfer member; and

N
'S

(e) transferring the multiple lavyers to a polymer

N
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surface.

N
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There is further provided, in accordance with a
preferred embodiment of the invention, a printing process
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for forming high contrast color images on polymer surfaces,

N
O

comprising:

W
(@)

(a) forming a colored layer of ligquid toner comprising

w
Py

polymer based toner particles and a carrier liquid, on an

w
N

imaging surface;

w
w

(b) transferring the layer to an intermediate transfer

(1)
=N

member:;

W
8]

(c) heating the layer on the intermediate transfer

w
(o)}

member to a temperature at which the toner particles at
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3'ise?,'furtth_gﬂ@x_LLQnLLhe—na%eriaI. Such i mages are viewed 4 fromthe
unprinted side of the substrate. 5 Alternatively, the conplete
mul ti-1ayer i magehdShedH Bemiﬁi th the opaque | ayer uppernost on the

internmediate 7 tr o that, when the inmage is transferred to 8
the subgggpate, th Is closeat -to the substrate. 9 Such inmages
are viewed fromt

rinted side of the 10 substrate. 11 Addi tional ly,
the white toner |layer may al so extend 12 past the edges of the col ored

| ayers and dg S§E|¥a§%§E§%% %gaaggc%ackaglng material. 14 In order to

avoid unnécessar 5 registration steps, the different
col or imag@s i nvoKdéd I@’R?dBi%gq(léﬁt it I(F)c rsg@rentialdyw fon atndeasdr @ ng

surface ongogypstantially opaque liguid toner layer , said substantially
4 opague layer being transferred to the intermediate transfer
member onto the colored layer to a plurality of layers on
the intermediate transfer member; and
(e) transferring the plurality of layers to a polymer
surface.
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Preferably, forming a layer comprises:

10 (i) charging a photoreceptor surface;

11 : (ii) selectively discharging portions of the charged
12 photoreceptor surface to form a predefined electrostatic
13 image; and '

14 {(iii) developing a layer of charged opaque white toner
15 particles onto the selectively discharged portions of the
16 photoreceptor surface thereby providing a developed image
17 corresponding to the latent image.

18 There is further provided, in accordance with a
19 preferred embodiment of the invention, a printing process
20 comprising:

21 (a) forming a liguid toner image comprising toner
22 particles based on a first polymer and a carrier liquid, on
23 an imaging surface;

24 (b) transferring the image to a surface coated with a
25 second polymer; and

26 {c) fusing and fixing the image to the surface coating,
27 wherein the second polymer is either an ionomer or an
28 ethylene vinyl acetate polymer.

29 Preferably, the second polymer is either an ionomer or
30 an ethylene vinyl acetate polymer high molecular weight
31 ionomers, e.g. Surlyns, low molecular weight ionomers, e.g.
32 Aclyns, ionomers having an intermediate molecular weight,
33 ethylene vinyl acetate polymers and ethelene copolymers or
34 terpolymers e.g., Bynels and Nucrels.

35 There is further provided, in accordance with =&
36 preferred embodiment of the invention, a printing process



<

17 arfinternediate transfer menber, each in alignment with 18 previous

i mges. The internediate transfer menber is heated 19 so that each col or

I mage coal esces |ﬁbﬂ%aﬂﬁﬁﬂﬁ&ﬂ%@h&aln1 in 20 which the respective col or

pi gnents are heJd 21 not diffuse into other layers. MXxing
of col opeT especi a m}mz opaque Spi=gnent is detrinental to inmage
quality. 23 . Eac lti-color image i s subsequently 24
transferred fromthe |nterned|ate transfer nmenber to the 25 substrate. 26
Anot her ?egb ?Ei%ﬁh in aspects of the present 27 invention is to provide
a process i nting toner pol ymer 28 inmages on iononer (high or |ow

nol ecul ar Hei ght) () foyrdng & Ligpidcephes d’d&?gﬁg§%PEéIS}rﬁﬁ toner

surfaces, ghpaelkiciesabaistd G iPFOvee SoByhét €and THEcheR@erPAlIGEIG, BYes
may

4 an imaging surface: '

(b) transferring the image to a surface coated with a
second polymer; and )

(c) fusing and fixing the image to the surface coating,
wherein the first and second polymer is an ionomer.
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Preferably, the first polymer is comprises an ionomer,
10 more preferably the same ionomer as the second polymer.

11 There is further provided, in accordance with a
12 preferred embodiment of the invention, a toner particle
13 comprising: '

14 a polymer; and
15 flakes of metal.
16 Preferably, the flakes which may be of gold or silver,

17 have a dimension greater than about 4 micrometers, more
18 preferably than 6 micrometers.

19 There is further provided, in accordance with a
20 preferred embodiment of the invention, a toner particle
21 comprising:

22 a polymer; and

23 a fluorescent material, preferably in the form of
24 particles having a size greater than 2 micrometers.

25 Preferably, the polymer in the above toner particles is
26 a low molecular weight ionomer.

27

28

29

30

31

32

33

34

35

36
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31 be based on hi gh nDIecuIar wei ght iononers, e.g. Surlyns, 32 | ow
nol ecul ar wei g e.g. Aclyns, iononers having 33 an internediate

nol ecul ar wei ght 4tme¥ﬂmlacﬁcet ate 34 polymers and et hel ene

copol yners or terp ynel s 35 and Nucrels, to achieve inproved
qualities, such as amammug adhesi veness, food conpatibility, and
others.PCT 3- 1 pects-oﬁtﬁualnventlon speci al toners, 2

i ncl udi ng opaque white, silver, gold and fluorescent toners 3 have been
prepared by adding pignents to a hot iononmer 4 solution, preferably of |ow

nol ecul ar yei ght iononers, BRPEF DESCRIPTION OF THE DRAWINGS

2 The invention will be more clearly understood from the
following description of preferred embodiments thereof in -
conjunction with the following drawings which:

Fig. 1 is a simplified sectional illustration of
electrostatic imaging apparatus constructed and operative in
accordance with a preferred embodiment of the present
invention; and
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Fig. 2 is a simplified enlarged sectional illustration
10 of the apparatus of Fig. 1.

11 DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

12 Reference is now made to Figs. 1 and 2 which illustrate
13 a multi color electrostatic imaging system constructed and
14 operative in accordance with a preferred embodiment of the
15 present invention. As seen in Figs. 1 and 2 there is
16 provided an imaging sheet, preferably an organic
17 photoreceptor 12, typically mounted on a rotating drum 10.
18 Drum 10 is rotated about its axis by a motor or the like
19 (not shown), in the direction of arrow 18, past charging
20 apparatus 14, preferably a corotron, scorotron or roller
21 charger or other suitable charging apparatus as are known in
22 the art and which is adapted to charge the surface of sheet
23 photoreceptor 12. The image to be reproduced is focused by
24 an imager 16 upon the charged surface 12 at least partially
25 discharging the photoconductor in the areas struck by light,
26 thereby forming an electrostatic latent image. Thus, the
27 latent image normally includes image areas at a first
28 electrical potential and background areas at another
29 electrical potential.

30 A preferred photoreceptor sheet and preferred methods
31 of mounting it on drum 10 are described in a co-pending
32 application of Belinkov et al., IMAGING APPARATUS AND
33 PHOTORECEPTOR THEREFOR, filed September 7, 1994 assigned
34 serial number 08/301,775 and in coresponding applications in
35 other countries, the disclosures of which are incorporated
36 herein by reference. Alternatively, photoreceptor 12 may be
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5 str#rrng the mxture as it cools. This procedure has been 6 used to
prepare gol d, si aque Ti @2 based, 7 magnetic and fluorescent
i nks, respectlve mbﬁ t hus provrded in accordance with a

preferred 9 enbo mﬁ'ﬁﬁ vention, a printing process for fornmng 10
hi gh contrast colo m Iyrrer surfaces conprising: 11 (a)
formi ng P#T ayer of opaqué Iqu|d 12 toner conprising polyner
based toner particles and a carrier 13 liquid, on an imagi ng surface; 14
(b) transferring the layer to an internediate transfer 15 nenber; 16

(c) heating tdepdsayed on tthee | ditwmnt0i ahé magnEbem &7 amrtbigrugus ssurface.
tenperat ur & gh, Wh&Rmbi¥e ! PRELBFP £5r 2121 RhdyPasd RahbrldYgaR3E S pe
3 photoconductor based, for example, on a compound of

selenium.
Also associated with drum 10 and photoreceptor sheet
12, in a preferred embodiment of the invention, are a
multicolor liquid developer spray assembly 20, a developing
assembly 22, color specific cleaning blade assemblies 34, a
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background cleaning station 24, an electrified squeegee 26,
10 a background discharge device 28, an intermediate transfer
11 member 30, cleaning apparatus 32, and, optionally, a
12 neutralizing lamp assembly 36. Developing assembly 22
13 preferably includes a development roller 38. Development
14 roller 38 is preferably spaced from photoreceptor 12
15 thereby forming a gap'therebetween of typically 40 to 150
16 micrometers and is charged to an electrical potential
17 intermediate that of the image and background areas of the
18 image. Development roller 38 is thus operative, when
19 maintained at a suitable voltage, to apply an electric field
20 to aid development of the latent electrostatic image.

21 Development roller 38 typically rotates in the same
22 sense as drum 10 as indicated by arrow 40. This rotation
23 provides for the surface of sheet 12 and development roller
24 38 to have opposite velocities at the gap between them.

25 In accordance with a preferred embodiment of the
26 invention, an opaque white background image is initially
27 developed on the photoreceptor surface and transferred to an
28 intermediate transfer member 30. The background image is
29 heated to a temperature that causes the white toner
30 particles in the presence of carrier liquid to at least
31 partially coalesce, preferably into a cohesive film, i.e.,
32 the toner pigment is fixed in the layer in which it was
33 deposited so that mixing of different color pigments in
34 various layers is prevented. This is essential for the
35 achievement of good color quality and contrast in the final

36 composite image. Subsequent images in different colors are



19 . * (d) fepeatlng (a) 1o (c)y seguentially for at |east one 20 subsequent
| ayer in at Ieastnggmgghgﬁwn§_ia§9t | east one 21 subsequent | ayer being

transferred to the transfer nmenber onto the opaque |ayer to
formmultiple 23 Iﬂmmﬂﬂum termedi ate transfer nenber; and 24
(e) traﬁEFerring t ers to pol ymer 25 surface. 26 There
is further provided, in accordance with a 27 preferred enbodi nent of the

i nvention, a printing process 28 for form ng high contrast col or inages on
pol ymer suif dogsividuadipr idevgloped and(seduentigldxotvprasfemeedofin
liquid tongr a‘iggﬁhbﬁ't_”ﬂi%ia RAEY pReviated ihage" ohdo 1ritetmaid sted Ardriifer
liquid, on_an 32 inaging surface;
3 member 30, which is heated as before so that each color
forms a cohesive non-diffusive layer.

It should be noted that each of the layers is a wviscous

4
5
6 liquid and that while heating does cause the layers to
7 coalesce, the balance between Qiscosity and surface tension
8 of the layers is apparently such that the individual layers
9 have only minimal mixing. .

10 When all of the desired images have been transferred to
11 intermediate transfer member 30, the complete multi-color
12 image is transferred therefrom to substrate 72. Impression
13 roller 71 only produces operative engagement between
14 intermediate transfer member 30 and substrate 72 when
15 transfer of the composite image to substrate 72 takes place,
16 preferably with heat and pressure. Substrate 72 which is
17 preferably a transparent flexible polymer film is fed from a
18 feeder roller 77 and is taken up by take up roller 78. The
19 printing process when carried out as described produces a
20 high contrast high colored quality image.

21 Preferably, the motion of the polymer film is halted
22 during the accumulation of the layers on the intermediate
23 transfer member. Just prior to the transfer, the film is
24 accelerated to a velocity substantially equal to the surface
25 velocity of the intermediate transfer member, such that
26 there is substantially zero relative motion between them at
27 the time of contact. Furthermore, between transfers, the
28 film is preferably partially rewound so that, after the
29 acceleration, only a minimal blank'space is left unprinted.
30 Multicolor liquid developer spray assembly 20, whose
31 operation and structure is described in detail in U.S.
32 Patent 5,117,263, the disclosure of which is incorporated
33 herein by reference, may be mounted on axis 42 to allow
34 assembly 20 to be pivoted in such a manner that a spray of
35 liquid toner containing electrically charged pigmented toner
36 particles can be directed either onto a portion of the



33 . ¢ (b) traﬁs%errrﬁg—fhe—%ayef-to an internedi ate transfer 34 nenber;
35 (c) heaILﬁg L E%mﬂk&a Bhe I nternmedi ate transfer 36 nenber to a

tenperature at mhl articles at -4- 1 least partially

coal esce; 2 : a) to (c) sequentially for at least a 3
subst an®Ca |y opaq r layer 2 said substantially 4 opaque |ayer
being transferred to the I ntermedi ate transfer 5 nenber onto the col ored

| ayer to a plurality of layers on 6 the internediate transfer nenber; and
development roller 38, a portion of <the photoreceptor 12

or directly into a development region 44 between
photoreceptor-lz and development roller 38. Alternatively,
assembly 20 may be fixed. Preferably, the spray is directed
onto a portion of the development roller 38. ‘

Color specific cleaning blade assemblies 34 are
operatively associated with developer roller 38 for separate
removal of residual amounts of each colored toner remaining
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thereon after development. Each of blade assemblies 34 is

[
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selectably brought into operative association with developer
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roller 38 only when toner of a color corresponding thereto

=
[

is supplied to development region 44 by spray assembly 20.

-
w

The construction. and operation of cleaning blade assemblies
is described in PCT Publication WO 90/14619 and in US patent
5,289,238, the disclosures of which are incorporated herein
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by reference.

-
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Each cleaning blade assembly 34 includes a toner
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directing member 52 which serves to direct the toner
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removed by the cleaning blade assemblies 34 from the

N
o

developer roller 38 to separate collection containers 54,

N
v

56, 58, 60,and 68 and for each color to prevent

[
N

contamination of the various developers by mixing of the

N
w

colors. The toner collected by the collection containers is

N
'

recycled to a corresponding toner reservoir (55, 57, 59 ,61

N
5)]

and 63). And a final toner directing member 62 always
engages the developer roller 38 and the tonerx collected
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thereat is supplied into collection container 64 and

N
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thereafter to reservoir 65 via separator 66 which is

N
O

operative to separate relatively clean carrier liquid from

w
o

the various colored toner particles. The separator 66 may be
typically of the type described in U.S. Patent 4,985,732,
the disclosure of which is incorporated herein by reference.

w W w
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In a preferred embodiment of the invention, as
described in PCT Publication WO 92/13297, the disclosure of
which is incorporated herein by reference, where the imaging

w w W
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speed is very high, a background cleaning station 24



©

7 - ° (e) transferring the plurality of Iayers to a polymer 8 surface. 9
Preferably, fOfM1§'@1eéiHh§Bb@x[R@ﬁEﬂal’l ses: (i) charging a

photoreceptor su (||) sel ectively discharging portions
of the rged 1 surface % forma predefined electrostatic
13 inag and 14 1) deverb i'ng a |l ayer of charged opaque

white toner 15 partlcles onto the selectively discharged portions of the 16

phot or ecept or surface thereby providing a devel oped i nage 17 correspondi ng
to the | atdntybiegdlylgncluding @ irevemsehaoliesydfe@nd @ pehinthdellen a

19 preferredgbpdi ge¥v ielde REVRHONrod 1+ NUE G R @I SFoRR KOSPRIS I 410
3 direction indicated by arrow 50 is preferably electrically
biased to a potential intermediate that of the image and
background areas of photoconductive drum 10, but different
from that of the development roller. Reverse roller 46 is
preferably spaced apart from pﬁotoreceptor sheet 12 thereby
forming a gap therebetween which is typically 40 to 150
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micrometers. _

10 Wetting roller 48 is preferably partly immersed in a
11 fluid bath 47, which preferably contains carrier liguid
12 received from carrier liquid reservoir 65 via conduit 88.
13 Wetting roller 48, which preferably rotates in the same
14 sense as that of drum 10 and reverse roller 46, operates to
15 wet photoreceptor sheet 12 with non-pigmented carrier liquid
16 upstream of reverse roller 46. The liquid supplied by
17 wetting roller 48 replaces the'liquid removed from drum 10
18 by development assembly 22, thus allowing the reverse
19 roller 46 to remove charged pigmented toner particles by
20 electrophoresis from the background areas of the latent
21 image. Excess fluid is removed from reverse roller 46 by a
22 liquid directing member 70 which continuously engages
23 reverse roller 46 to collect excess liquid containing toner
24 particles of various colors which is in turn supplied to
25 reservoir 65 via collection container 64 and separator 66.
26 Wetting roller 48 is preferably electrically biased to
27 a potential intermediate that of the image and background
28 areas of photoconductive drum 10, but different from that of
29 the development roller. This biasing of wetting roller 48
30 assists in removing toner particles from the background
31 areas of photoreceptor sheet 12. Wetting roller 48 is
32 preferably spaced apart from photoreceptor sheet 12 thereby
33 forming a gap therebetween which is typically 40 to 200
34 micrometers.

35 The apparatus embodied in reference numerals 46, 47, 48
36 and 70 is generally not required for low speed systems, but



L 4

21 - * (a) forming a liqurd toner i mage conprising toner 22 particles
based on a firstThisSh mﬁﬁB&m@qﬁmggrrier liquid, on 23 an inmaging surface; 24
(b) transferring i surface coated with a 25 second pol yner;
and 26 (c) fF ,HUMng the imge to the surface coating, 27
wher ei n Rd% second po} i ther arribhoter or an 28 ethyl ene vinyl
acetate polyner. 29 Preferably, the second polyner is either an

i ononer or 30 an ethylene vinyl acetate polyner high nolecular weight 31

i ononers, d gs ardfgrgblyvimslwiad ain eigihtspesdneystemsg. 32 Acl yns,

Il ononmers haying arn,l | at r i e Vi ebate
pol yners a?]% et he%e%%%%%gp%?gherggn%p%%frﬁg po ]enméjfaségdg ,Hﬁbf%gles %ialéf 28
Nucrels. is urged against the surface of sheet 12 and is operative to

remove liquid carrier from the background regions and to
compact the image and remove liquid carrier therefrom in the
image regions. Squeegee roller 26 is preferably formed of
resilient slightly conductive ﬁolymeric material as is well
known in the art, and is preferably charged to a potential
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of several hundred to a few thousand volts with the same
10 polarity as the polarity of the charge on the toner
11 particles.

12 ' Discharge device 28 is operative to flood sheet 12 with
13 light which discharges the voltage remaining on sheet 12,
14 mainly to reduce electrical breakdown and improve transfer
15 of the image to intermediate transfer member 30. Operation
16 of such a device in a write black system is described in
17 v.S. Patent 5,280,326, the disclosure of which is
18 incorporated herein by reference.

19 Figs. 1 and 2 further show that multicolor toner spray
20 assembly 20 receives separate supplies of colored toner
21 typically from five different reservoirs 55, 57, 59, 61 and
22 63. Figure 1 shows five different colored toner reservoirs
23 55, 57, 59, 61 and 63, typically containing the colors
24 Yellow, Magenta, Cyan, black and white, respectively. In
25 addition, reservoir 65 contains relatively clean carrier
26 liquid whose operation was described. Pumps 90, 92, 94, 96
27 and 108, may be provided along respective supply conduits
28 98, 101, 103, 105, and 107, for providing a desired amount
29 of pressure to feed the colored toner to multicolor spray
30 assembly 20. Alternatively, multicolor toner spray assembly
31 20, which is preferably a three level spray assembly,
32 receives supplies of colored toner from up to six different
33 reservoirs (a sixth reservoir marked S is shown) which
allows for custom colored toners in addition to the standard
35 process colors, black and white.

36 Toners that can be used with the present invention are
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35. ¢ There is further—provided,— in accordance with a 36 preferred

enbodi nent of theg.ipvention, a printing process -5- 1 conprising: 2

(a) formng a li m‘gmm‘i’iﬁﬁfdcomri sing toner 3 particles based on a
first polyner and uid, on 4_an imging surface; 5 (b)
transf ePE¥ng the ace coatéd With a 6 second pol ymer; and 7
(c) fusing and fixing the image to the surface coating, 8 wherein the first

and second pol ynmer is an iononer
described in Example 1 of U.S. Patent 4,794,651, the

disclosure of which is incorporated herein by reference or

variants thereof as are well known in the art. For colored
liquid developers, carbon black is replaced by color
pigments as is well known in the art. Other toners may
alternatively be employed, including liquid toners and, as
indicated above, including powdér toners.

Other toners for use in the invention can be prepared
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using the following method:
1) Sclubilizing 1400 grams of Nucrel 925 (ethylene
copolymer by Dupont) and 1400 g of Isopar L (Exxon) are

[
o
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thoroughly mixed in an oil heated Ross Double Planetary
Mixer at least 24 RPM for 1.5 hours, with the o0il
temperature at 130° C. 1200 g of preheated Isopar L is added
and mixing is continued for an additional hour. The mixture
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is cooled to 45° C, while stirring is continued over a

17 period of several hours, to form a viscous material.
18 2) Milling and Grinding 762 grams of the result of the
19 Solubilizing step are ground in a 1S attritor (Union Process

N
o

Inc. Akron Ohio), charged with 3/16" carbon steel balls at
250 RPM, together with 66.7 grams of Mogul L carbon black
(Cabot), 6.7 grams of BT 583D (blue pigment produced by
Cookson), 5 grams of aluminum stearate (Riedel Dehaen) and
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an additional 1459.6 grams of Isopar L for eight hours at
30° cC.
3) Continuation of Grinding 34.5 grams of ACumist A-12
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N
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{a micronised polyethylene wax produced by Allied Signal) is

N
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added and grinding is continued for an additional 4 hours.

N
O

The resulting particles are fibrous particles have a

W
o

measured diameter in the range of 1-3 micrometers.

The resulting material is diluted with additional
Isopar L and Marcol 82 to give a working developer in which
the dry solids portion is about 1.7% and in which the
overall ratio of Isoﬁar L to Marcol is between about 50:1
and 500:1, more preferably between about 100:1 and 200:1.
Charge director as described in US patent application

W W Wwww w
U W N



9

ly, IS conprises an iononer, 10 nore
preferably the smm%gﬁgmmﬁé second polynmer. 11 There is further
provided, in acco preferred enbodi nent of the invention, a
toner pagricle 13 iﬂeﬂ a pal yner; and 15 fl akes of
metal . 16 Pref akes which may be of gold or silver, 17

have a di nensi on greater than about 4 microneters,

6 nrcronete
preferred €

on, a téner particle

a pol yner; 2a84/02887, in an amount approximately equal to 40 mg/gm of

3

BT 2 - B S B o T 4 -

10
11
12
i3
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

solids in the final dispersion, is added to charge the toner
particles. Other charge directors and additional additives
as are known in the art may also be used.

The above described process produces a black toner.
Cyan, magenta and yellow toners can be produced by using a
different mix of materials for step 2). For Cyan toner, 822¢g
of the solubilized material, 21.33 grams each of BT 583D and
BT 788D pigments (Cookson), 1.73 grams of D1355DD pigment
(BASF), 7.59 grams of aluminum stearate and 1426 grams of
Isopar L are used in step 2. For Magenta toner, 810 grams of
solubilized material, 48.3 grams of Finess Red F2B, 6.81
grams of aluminum stearate and 1434.2 grams of Isopar L are
used in step 2. For yellow toner 810 grams of solubilized
material, 49.1 grams of D1355DD pigment, 6.9 grams of
aluminum stearate and 1423 graﬁs of Isopar L are used in
step 2.

Other preferred liguid toners for use in the present
invention are prepared as follows: 300 grams of a
chargeable low molecular weight ionomer Aclyn 293A (made by
Allied Signal) were solubilized in 1500 grams of Isopar - L
with heating to 110°- 120°C while stirring. To form inks,
dispersed pigments or color particles are added to and mixed
with the hot solubilized polymer. The composition is
allowed to cool while stirring.

The following liquid toner inks were prepared in this
way:

Ti02 BASED OPAQUE WHITE TONER INK

A preferred opague white ink in accordance with the
present invention is prepared by adding 200 grams of finely
divided TiO2 pigment, having an average diameter of about
0.5 micrometers to the solubilized polymer while stirring.
The mixture is allowed to cool and settle with continuous
stirring. Charge director, as described above or other
charged directors as known in the art, and additional Isopar

nore 18 preferably t han

ngvéé%sﬁggﬂr'@r&lka ﬁrﬁ.g‘éﬁ.tﬂﬁﬁv' #48% ahRd 3qex o Hsmg %g;z
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23 . ¢ a quorescent“ﬁafer%af preferably in the formof 24 particles
having a size greg}; groeters. Preferably, the pol yner
in the above toner §§m£ﬁﬁ an a Iom/nDIecuIar wei ght iononer. 27 28 29
30 31 32 33 34 35 I

PCT

- 14 -

L and MARCOL 82 carrier liquid are added to form a liquid
toner. The opague white liquid toner so obtained is used,
as previously mentioned, to enhance the quality of color
images when it serves as a back layer for color contrast.
The median pigmented toner particle size in the toner is
4.81 micrometers. .

An alternative preferred method for producing white
toner ink concentrate, in accordance with a preferred

W 0N 0 U W=

embodiment of the invention comprises the steps of (1)

10 plasticizing 35% Nucrel 699 (ethylene-metacrylic acid
11 copolymer by DuPont) in Isopar L (EXXON) by heating the
12 materials in a Ross double planetary mixer to 150°C while
13 mixing the materials and allowing the mixture to cool while
14 mixing continues until the mixture is fully mixed and
15 homogeneous; (2) mixing 3071 grams of the mixture produced
16 by step (1) with 1075 grams of KRONOS 2310 titanium dioxide
17 (NL Chemicals) and 4454 grams of Isopar L in a Ross type LAB-
18 ME high shear mixer until the new mixture is completely
19 homogeneous; and (3) grinding the mixture at about 56°C (the
20 temperature of the mixture without cooling) for 16 hours in
21 a SEECO M18 Vibratory Mill charged with 3/8" zirconia media.

22 The resultant toner has a median diameter of about 3

23 microns.

24 The material is charged and diluted as described above
25 and 3 micrometer micron particles of TEFLON M1200 are
26 optionally added to act as protective spacers against
27 abrasion for the final image.

28 Other inks are prepared in a manner similar to the

29 first method for producing white toner ink and proVided the

30 following results:

31 GOLD TONER INK

32 Aclyn293A, (made by Allied Signal) 150 grams, and

33 Isopar-L, B0OO grams, are heated with mixing in a glass

34 beaker, at a temperature of 110° - 120° C. 100 grams of 6-

35 10 micrometer gold flakes (made by SCHLENK) are slowly added
36 and mixing is continued for 5 minutes. The temperature is



-6-- 1 —— BRFEFDESCRIPTION OF THE DRAW NGS 2 The invention
wll be nore clequgmgngg§§5 akjomthe 3 follow ng description of

preferred enbodlne 4 conjunction with the follow ng draw ngs
which: ep Fig. Iﬂﬂ ﬂnled sectiygnal illustration of 6

electrostatlc I mag constructed and operative in 7 accordance
with a preferred enbodi nent of the present 8 invention; and 9 Fig. 21is

a SlnpllflﬁdaEQ£%% equ%FH!OQo d&,l%itrat|on 10 of the apparatus of Fig. 1.

2 The composition is mixed at high shear (ROSS HIGH
SHEAR MIXER) for 1 minute and cooled, while mixing, to room
temperature while mixing is continued at 250 RPM.

Final ink median particle size as measured by a
SCHIMADZU PARTICLE SIZE ANALYZER is 18.6 micrometers.

The ink was tested in an E-PRINT 1000 (using the single
final transfer mode described above and separate transfer of
individual colors to the final substrates) printer (INDIGO,
10 N.V.) giving metallic gold prints which are free of
11 background contamination. It should be noted that this
12 method of preparing gold ink (and the other inks described

W o N O U b W

13 below), without grinding, results in large reflective gold

14 particles béing laid onto the substrate. While the flakes
' 15 are unaligned in the toner, when the toner is formed into a

16 thin layer during heating and fixing to the substrate, the

17 flakes selectively align themselves toc give good specular
'~ 18 reflection.

19 SILVER INK

20 The materials used in the preparation are 300 grams

21 Aclyn293A (made by Allied Signal), 1500 grams Isopar-L and

22 100 Grams silver flakes 6-10 micrometers (made by SCHLENK).

23 The same procedure as for gold ink is used to obtain ink

24 with a median particle size of 8.2 micrometers.

25 The ink was tested in both printing modes, in the

26 printer giving metallic silver prints without background

27 contamination.

28 MAGNETIC INK

29 The materials used in the preparation are 20 grams

30 Aclyn293A (made by Allied Signal), 37 grams MO 4431 magnetic

31 oxide (made by ISK MAGNETICS) with a particle size of 8-10

32 micrometers and 180 grams Isopar-L. The same procedure as

33 for gold ink is used to obtain magnetic ink with a median

34 particle size of 9.08 micrometers as measured by SCHIMADZU

35 Particle Size Analyzer.

36 When the magnetic ink is deposited at a mass/area of



I1, - DETAPtEBmDESGRFP?FGN—GFTPREFERRED EVMBCODI MENTS 12 Reference is
il:lustrate 13 a multi color electrostatic

now nmade to FigsSq, whi c
| magi ng systemcol}h%g gBenk Pa"341"operative i n accordance with a preferred
enbodi ment  of t'hﬁl [IE[I mﬂl ention. As seen in Figs. 1 and 2 there is
16 prowerd an i ef er abt yl@&n~organi ¢ 17 photoreceptor 12,
typically nounted on a rotating drum 10. 18 Drum 10 is rotated about its

axis by a notor or the like 19 (not shown), in the direction of arrow 18,
past chargi n§g, 28mgPpakatws ,14hedr fefiibtant Layeirr has & waygneticrsighbdr

and whi oh 7 SSBBAECAZ: 5 ERARIE HIE THCRY EeD P PRt L PRI E serkdfoR !
The i mage 3 cbpeChepkmartedElectumsidshy adil ani opgdicalk dpomitie @falgéd
surface 12,3t} gashs PBLALEY Y
5 FLUORESCENT INK
6 The materials used in the preparation are 500 grams
7 Aclyn293A (made by Allied Signal), 333.3 grams fluorescent
8 pigment RC15 (made by RADIANT COLOR) having a median
9 particle size of 2.5 - 4.5 micrometers and 1500 grams
10 Isopar-L.

11 The resin is solubilized by the ISOPAR L in a ROSS
12 DOUBLE PLANETARY MIXER heated at 110° C.
13 " The pigment is predispersed and wetted by using a warm

14 solution of Aclyn293A, then adding the predispersed pigment
15 gradually into the double planetary mixer. The material is
16 mixed for about 10 minutes, while heating is maintained, to
17 obtain a homogeneous composition. Heating is stopped and
18 mixing is continued for an additional 1.5 hours to obtain
19 toner concentrate with a particle size of 3.82 micrometers.
20 Working dispersions are prepared using a high shear mixer.

21 Intermediate transfer member 30 may be any suitable
22 intermediate transfer member having a multilafered transfer
23 portion such as those described below or in US Patents
24 5,089,856 or 5,047,808 or in U.S. Patent application
25 08/371,117, filed January 11, 1995 and entitled IMAGING
26 APPARATUS AND INTERMEDIATE TRANSFER BLANKET THEREFOR (and in
27 coresponding applications in other countries), the
28 disclosures of which are incorporated herein by reference.
29 Member 30 is maintained at a suitable voltage and
30 temperature for electrostatic transfer of the image thereto
31 from the image bearing surface. Intermediate transfer membexr
32 30 is preferably associated with a pressure roller 71 for
33 transfer of the image onto a final substrate 72, preferably
34 by heat and pressure. Additionally, pressure roller 71 may
35 be electrified to overcome the voltage on the intermediate
36 transfer member or to provide an additional electric field



25, d1scharg|ng t he photoconductor in the areas struck by light, 26 thereby

forn1ng an electrfgggﬁarmﬂ&ﬁ lagefly ge Thus, the 27 latent imge normally
i ncl udes i mage are 8 el ectri cal potential and background

areas at anot her 2 tentlal 30 A preferred photoreceptor
sheet aﬁ@Tpreferre_ s 31 of nDunfl Tt on drum 10 are described in a
co- pendi ng 32 appllcatlon of Bel i nkov et aI | MAG NG APPARATUS AND 33

PHOTORECEPTOR THEREFOR, filed Septenber 7, 1994 assigned 34 serial nunber
08/ 301, 77512868 andceraspfedi of &bel etectohfied generhtp tbensubstrates

di scl
A;fgrgzg{szlg ph0§§?§é§8LQﬁﬁ%g%%ﬁ%e§236ﬂgﬂéﬂé}éﬁﬁJéﬁﬁiegéﬁub clean the
: p

3 surface of hotoreceptor 12 and preferably includes a
cleaning roller 74, a sprayer 76 to spray a non- polar

cleaning liquid to assist in the scrubbing process and a

4

5

6 wiper blade 78 to complete the cleaning of the
7 photoconductive surface. Cleahing roller 74, which may be
8 formed of any synthetic resin known in the art, for this
9 purpose is driven in the same sense as drum 10 as indicated
10 by arrow 80, such that the surface of the roller scrubs the
11 surface of the photoreceptor. Any residual charge left on
12 the surface of photoreceptor sheet 12 may be removed by
13 flooding the photoconductive surface with light from
14 optional neutralizing lamp assembly 36, which may not be
15 required in practice. |

16 While the invention has been described with respect to
17 printing on the inside of clear wrapping material (i.e.,
18 with the opaque layer furthest from the substrate), in an
19 alternative preferred embodiment of the invention, the layer
20 closest to the substrate is opaque. Such images are designed
21 to be viewed from the side of the substrate on which the
22 image is printed. For this embodiment of the invention, the
23 white layer will be formed on the imaging surface and
24 transferred to the intermediate transfer member after the
25 other, colored layers.

26 In addition to the details of the printing processes
27 given above, additional details of printing processes and
28 operates are given in the patents and publications
29 incorporated herein by reference.

30 It has been found that the above mentioned toners and
31 other toners based on similar materials and high molecular
32 weight ionomers such as surlyns adhere well to the
33 substrates used in food packaging. This adhesion is found to
34 be especially good when the toner is based on an ionomer or
35 ethylene polymer or copolymer and the polymer film is
36 coated by a similar material. Such coatings, particularly
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-7-. 1 deposited—on-the drumi0—and may form a continuous surface. 2
Furt her nor e, phﬁ%ﬁr %&Qﬁ?ﬁm&ﬁe be a non-organic type 3 phot oconductor

based, for exa nd of 4 selenium 5 Al so associ at ed
with drum 10 and 4 ﬁH mheet 6 12, in a preferred enbodi nent of the
i nventi 88T are a qui d devdBoper spray assenbly 20, a

devel opi ng 8 assenbly 22, color specific cleaning blade assenblies 34, a 9
background cl eaning station 24, an electrified squeegee 26, 10 a background

di scharge degugeya81601 iitrnEadi Eva t(pastituldrignbew molecudaii R@ight
%geglr g;?ﬁgiggggﬁgﬁ&gtzégﬂ%ua%e %clrzyffgt gglildz Iar{% |§E:Qe%5%%%wj}’q§§- on the
3 inner surface of food wrappings to give improved properties
4 such as sealability, adhesiveness and food compatibility.
5 It should be understood that the invention is not
limited to the specific type of image forming system used
and the present invention is also useful with any suitable

imaging system which forms a liquid toner image on an image

O 0 N o

forming surface and, the specific details given above for
10 the image forming system are included as part of a best mode
11 of carrying out the invention, however, many aspects of the
12 invention are applicable to a wide range of systems as known
13 in the art for electrostatic printing and copying.

14 It will be appreciated by persons skilled in the art
15 that the present invention is not limited by the description
16 and example provided hereinabove. Rather, the scope of this
17 invention is defined only by the claims which follow:

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36



13 preferably includes a devel opnent ro 14 roller 38 is
preferably spaced from phot or ecept or mmmu r“ll M“tg a gap
t her ebetween of typically 40 to 150 16 m harged to an

el ectrical pot enthisSheedHasBednRepB@d at € t hat of tthe" |nage and background areas

of the 18 i mage. IIer 38 i s _thus operative, when 19
mai ntai RE¥ at a s e, to appF? an electric field 20 to aid
devel opnent of th rostatic imge. 21 Devel opnent roller 38

typically rotates in the same 22 sense as drum 10 as indicated by arrow 40.
This rotatlon 23 provides for the surfaCBA@MSsheet 12 and devel oprment

roller 24 38,to h Vgr%}Pg eawﬁ%‘%'?a a&éi}ﬁiﬂg fﬁ/ NeEBn IRt 2d010r

In accordance W t £ of ention, an opaque
white back@rémﬁﬁeSnagePP%YmﬁFtFHFf?ceSr comprising:

4 (a) forming a layer of substantially opaque liquid

5 toner comprising polymer based toner particles and a carrier

6 liquid, on an imaging surface; °

7 (b) transferring the layer to an intermediate transfer

8 member;

9 (c) heating the layer on the intermediate transfer
10 member to a temperature at which the toner particles at

i 11 least partially coalesce;
12 (d) repeating (a) to (c) sequentially for at least one
13 subsequent layer in at least one color, said at least one
14 subsequent layer being transferred to the intermediate
15 transfer member onto the opague layer to form multiple
16 layers on the intermediate transfer member; and

i7 (e) transferring the multiple layers to a polymer
18 surface.

19

20 2. A process according to claim 1 wherein the opaque layer

21 is the lowest layer of the multiple layers on the
22 intermediate transfer member.

23

24 3. A printing process for forming high contrast color
25 images on polymer surfaces, comprising:

26 (a) forming a colored layer of liquid toner comprising
27 polymer based toner particles and a carrier liquid, on an
28 imaging surface; :

29 (b) transferring the layer to an intermediate transfer
30 member;

31 (c) heating the layer on the intermediate transfer
32 member to a temperature at which the toner particles at
33 least partially coalesce;

.34 (d) repeating (a) to (c) sequentially for at least a
35 substantially opaque liquid toner layer , said substantially
36 opaque layer being transferred to the intermediate transfer



27 developed_Qn_Lhe_phoLgLeeeﬁ%ﬂr rred to an 28
intermedi ate transfer nenber Th Q| ﬂmm H “ﬂ is 29 heated to a

t enperature t hihs |te toner B0 tpamti &les in the presence of
carrier liquid t partially coal esce, preferably into a
cohesive film i ner pignent is fixed in the layer -in which it

was 33 E@%b5|ted so that m xing of di f e®nt col or pigments in 34 various
| ayers is prevented. This is essential for the 35 achi evenent of good col or
quality and contrast in the final 36 conposite i mage. Subsequent inages in
di fferent aomembex conto-Bhe colored layer to a plurality of layers on

2 the intermediate transfer member; and _
(e) transferring the plurality of layers to a polymer
surface.

4. A printing process according to claim 3 and including
repeating (a) to (c) sequentially prior to (d) for at
least one subsequent layer in at least one different color,

O 0 ~J O U b W

said colored and opague layers forming multiple layers on
10 the intermediate transfer member.

11

12 5. A process according to claim 3 or claim 4 wherein the
13 opaque layer is the uppermost layer of the multiple layers
14 on the intermediate transfer member prior to transfer to the
15 polymer surface.

16

17 6. A process according to any of the preceding claims
18 wherein the colored layers are in the form of an image.

19

20 7. A process according to any of the preceding claims
21 wherein the opaque liquid toner contains a white pigment.

22

23 8. A process according to claim 7 wherein the white
24 pigment is TiO,.

25

26 9. A process according to any of the preceding claims
27 wherein forming a layer comprises:

28 (i) charging a chargeable imaging surface;

29 (ii) selectively discharging portions of the charged
30 imaging surface to form a predefined electrostatic image:;
31 and

32 (iii) developing a layer of charged opaque white toner

33 particles onto the selectively discharged portions of the
34 imaging surface thereby providing a developed image
35 corresponding to the latent image.

36



1 |nd|V|duaIIy devel oped and sequen ‘ﬁmtul d |n 2 alignment with
t he previous I nage on WB‘ ‘m er whi ch is heated
as before so thﬁmsgﬁgﬁmggL péed co ES|We non- dlffu5|ve | ayer. 5

It should be not the layers is a viscous 6 liquid and that

whi | e heating do yers to 7 coal esce, the bal ance between
Vi scosi pyand su of thed ayers is apparently such that the
i ndi vi dual | ayers 9 have onIy m nimal m xing. 10 When all of the

desired i mages have been transferred to 11 internedi ate transfer nenber 30

(he coml ebe gl Sslaleds HERUGASL! 01600 <0l T Lo SHE°LRGd>

| npr essi on 1 pro UUEeS e éngage
|nternedlaﬂeWhaansheﬁhﬁemE@Wmﬂrzﬁﬂtﬁﬁﬂﬁﬂi%lthﬁzsuﬁéﬁce of a transparent

3 film.

11. A process according to any of the preceding claims
wherein the polymer surface is coated.

12. A process according to claim 11 wherein the coating is

O 0O NN U b

an ionomer.

10 _

11 13. A process according to claim 12 wherein the ionomer has
12 a low molecular weight. |
13

14 14. A process according to claim 12 wherein the ionomer has
15 a high molecular weight.

16

17 15. A process according to claim 11 wherein the coating is
18 an ethylene vinyl acetate polymer.

19

20 16. A process according to any of the preceding claims
21 wherein the polymer surface is polypropylene.

22

23 17. A process according to any of claims 1-15 wherein the
24 polymer surface is polyethylene.

25

26 18. A process according to any of the preceding claims
27 wherein the transfér of the multiple layers to the polymer
28 surface is effected with heat and pressure.

29 )

30 19. A process according to any of the preceding claims
31 wherein at least one of the at least one color layers is a
32 color halftone separation.

33

34 20. A process according to any of the preceding claims in
35 which the toner particle layers form films on the
36 intermediate transfer member.
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15. transfer of the conposite i mage—to st es place, 16

preferably with heat and pressure. ‘ml his 17 preferably a
t ranspar ent fkeea—lal—e—peLngaL_f_LLm |Imﬂmmﬂ]ﬂutﬂm I eeder roller 77 and is
taken up by ta ﬁ:roller 78 The 19 frihtifhg Hrdcess when carried out as

descri bed prod trast hlgh colored quality inmage. 21
Preferably, the polymer filmis halted 22 during the
accunul £G%on of the intermé ate 23 transfer nenber. Just
prior to the transfer t he fllntls 24 accelerated to a velocity

substantial |l y equal to the surface 25 velocity of the internediate transfer
menber, sudh that 26 there is substantially zero relative notion between

thentat 27 q.tige i“&99§ﬁ2&§ stween transfers, the 28 film
S preferagly partlgll%/ re SO that a%te ‘t he
orming a liquid toner image comprising toner

4 particles based on a first polymer and a carrier liquid, on
5 an imaging surface;

6 (b) transferring the image to a surface coated with a
7 second polymer; and’

8 (c) fusing and fixing the image to the surface coating,
9 wherein

10 the second polymer is either an ionomer or an ethylene

11 vinyl acetate polymer.

12

13 22. A process according to claim 21 wherein the first
14 polymer is an ionomer.

15

16 23. A process according to claim 22 wherein the first
17 polymer is a high molecular weight ionomer.

18

19 24. A process according to claim 22 wherein the first
20 polymer is a low molecular weight ionomer.

21

22 25. A process according to claim 21 wherein the first
23 polymer is ethylene wvinyl acetate.

24

25 26. A process according to claim 21 wherein the polymer is
26 a ethylene copolymer.

27

28 27. A process according to claim 21 wherein the polymer is
29 a ethylene terpolymer.

30

31 28. A process according to any of claims 21-27, wherein
32 the second polymer is an ionomer.

33

34 29. A process according to claim 28, wherein the second
35 polymer is a high molecular weight ionomer.

36



29 accel erati ¢ nly a mnimal bl anﬁm nu“"ﬂmgmnprl nted. 30
Mul ticolor |iquid devel oper spray as m 31 operation and
structure i s dedbisBlertas Beel®Efckq i N U'S. €32 Pt erit 5,117,263, the

di scl osure of whi | ated 33 herein by reference, nmay be nounted
on axis to all Mm 20 to be pjvoted in such a manner that a
spr ay off liquid ton ning el ecttically charged pignented toner 36
particles can be directed either onto a portion of the -9- 1 devel opment

roller 38, a portion of the photoreceptor 12 2 or directly into a
devel opmentl 3y o reeefSe@ccording to claim 28, wherein the second

polymer is a low molecular weight ionomer.

31. A process according to claim 28 wherein the second
polymer is ethylene vinyl acetate.

32. A process according to any of claims 21-31, wherein the
substrate surface is a polypropylene film.

W 0 N O U1 b W N

10 33. A process according to any of claims 21-31, wherein the
11 substrate surface is a polyethylene £film.

12

13 34. A printing process comprising:

14 {a) forming a liquid toner image comprising toner
15 particles based on a first polymer and a carrier liquid, on
16 an imaging surface:;

17 (b) transferring the image to a surface coated with a
18 second polymer; and

19 (c) fusing and fixing the image to the surface coating,
20 wherein the first polymer and the second polymer are both
21 ionomers.

22 '

23 35. A process according to claim 34 wherein the first
24 ionomer is of a low molecular weight.

25

26 36. A process according to claim 34 wherein the first
27 ionomer is of a high molecular weight.

28

29 37. A process according to any of claims 34-36, wherein the
30 second ionomer is of a low molecular weight.

31

32 38. A process according to,anf of claims 34-36 wherein the
33 second ionomer is of a high molecular weight.

34

35 39. A process according to any of claims 34-38 wherein the
36 surface is a polypropylene film.
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3" phot oreceptor 12 and devel o rrenﬂ “\ k“ﬂ‘\‘ﬁ‘\!‘*rnativel y, 4 assenbly 20
may be fi xed. abl'y, the spr ) onto a portion of the

devel oprent r ol L&l <138 HadBeen ReplBoddor "speci fi ¢ cl eani ng bl ade assenblies 34
{s :

are 7 operatively: , th devel oper roller 38 for separate 8
renoval POT resi damamﬂ each colordd-toner remaining 9 thereon after
devel opnent. Eac enblies 34 is 10 selectably brought into

operative association with developer 11 roller 38 only when toner of a
color corrgsponding thereto 12 is supplied to devel opnent region 44 by
spray assenbly 20. 13 The construction and operation of_cleani ng bl ade
assenbl i es2140t sAJRTOCESS aGFINGLRY HFP cAPY o RTVWBLEG S 3 dWP%FBSnp§P€ht
15 5, 289, 288sutbacdi $6! asporkgethylbhehfalm.i ncorporated herein 16 by
reference. -

4

5 41. A process according to any of the preceding claims
6 wherein the imaging surface is the surface of a
7 photoreceptor.

8

9 42. A toner particle comprising:
10 a polymer; and

11 flakes of metal.

12 |

13 43. A toner particles according to claim 42 wherein the
14 flakes of metal have a dimension greater than about 4
15 micrometers.

16 _

17 44. A toner particle according tp claim 43 wherein the
18 flakes of metal have a dimension greater than 6 micrometers.
19 '
20 45. A toner particle according to any of claims 42-44
21 wherein the metal flakes comprise gold.

22

23 46. A toner particle according to any of claims 42-44
24 wherein the metal flakes comprise silver.

25

26 47. A toner particle comprising:

27 a polymer; and
28 a fluorescent material.
29

30 48. A toner particles according to claim 47 wherein
31 fluorescent material is in the form of particles having a
32 size greater than 2 micrometers.

33

34 49. A toner particle according to any of claims 42-48
35 wherein the polymer is a low molecular weight ionomer.

36



17 . * Each cleaning bl ade assenbly 34 incLudes—a*fUﬁéT’””'__rect|ng
menber 52 which serves to direct the toner &uI\‘ﬁ \l‘i cl eani ng bl ade
assenblies 34 fromthe 20 devel oper roller |l ection
contai ners 54, 21 Hﬁ;sSwHaSBeeaﬁdp@Bd and for éach coI or to prevent 22
cont am nati on of the opers by m xing of the 23 col ors. The
t oner ch&Fcted by t contal S is 24 recycled to a

5

correspondi ng toner reserv0|r 5, 57, 5 ,61 25 and 63). And a final toner
di recting nenber 62 al ways 26 engages the devel oper roller 38 and the toner
collected 27 thereat is supplied into collection_container 64 and 28
thereafter k¥ PQesdtRopleeF¥ifischdianer Se%kiehs Sovospdndte ARy of
separate rel adlasmy 4£2-e80, carrier liquid from30 the various col ored toner
particles. Jhe separator 66 may be

3
4 51. ' A liguid toner comprising:

a plurality of toner particles according to any of
claims 42-50; and

a carrier liquid.

O 00~ O O

51. A printed image printed with toner particles according
10 to any of claims 42-50.

11

12 52. A printed image printed with a process utilizing a
13 liquid toner according to claim 51.
14
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31 typically of the type described in U S. Patent 4,985,732, 32 the

di sci osure of which is incorporated herein by reference. 33 In a
preferred enbodi nent of the |nvent|on as 34 described in PCT Publication
WO 92/ 13297, t he Ttis SkeGing Been nﬁ which is i ncor porated herein by

reference, wher e t“ﬂl‘@ﬁﬁm speed is very high, a background cl eani ng
station 24 - 10- ncl udi ng reverse roller 46 and a wetting
roller ¥¢48 is provi Reverse roller Zg which rotates in a 3 direction
indicated by arrow 50 is preferably electrically 4 biased to a potenti al
I nternmedi ate that of the inmage and

1 ABSTRACT OF THE INVENTION

A printing process for forming high contrast color

images on polymer surfaces, comprising: (a) forming a layer
of substantially opague liguid toner comprising polymer
based toner particles and a carrier liquid, on an imaging
surface; (b) transferring the layer to an intermediate
transfer member; (c) heating the layer on the intermediate
transfer member to a temperature at which the toner

O 0O NN o bW

particles at least partially coalesce; (d) repeating (a) to

b
o

(c) sequentially for at least one subsequent layer in at

e
i

least one color, said at least one subsequent layer being

[
N

transferred to the intermediate transfer member onto the

[
w

opaque layer to form multiple layers on the intermediate

s
i

transfer member; and (e) transferring the multiple layers to
15 a polymer surface.
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
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19 .roller 46 to renove charged pigmented toner particles by 20
el ectrophoresis fromthe background areas of the latent 21 inmage. Excess
fluid.is renoved fromreverse roller 46 by a 22 liquid directing nmenber 70
whi ch continuously engages 23 reverse roller 46 to collect excess liquid
containing toner 24 particles of various colors which is in turn supplied
to 25 reservoir 65 via collection contahNger 64 \nd separ at or 66. 26

Wetting roller 48 is preferably electricg bia‘Q? ta~27 b potenti
intermedi ate that of the imggg and backg@ound\g INQES of phot ocgaélctive
drum 10, but different fromthat of 29 the devel oprelixsall er —1 pt"asi ng
of wetting roller 48 30 assisés in renoving toner pajessrcs g t he
background 31 areas of phot &Deceptor sheet 12. Weigfng roller 48Ngg 32
preferably spaced apart froiiphotoreceptor sheetff12 t her eby )

36
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PRINTING ON TRANSPARENT FILM
FIELD OF THE INVENTION
The present invention relates to an improved

electrostatic processes for printing or coating on polymer

films and surfaces with toner and toner inks. The invention

specificaliy relates to a method of achieving high quality

high contrast colored or multi-colored images in continuous

roll printing on transparent, flexible packaging films.
BACKGROUND OF THE INVENTION

The coating of plastic films or surfaces e.g.
polyethylene, polypropylene, etc. for aesthetic or
functional purposes is of great utility and importance. A
major use of such films is in food packaging.

Electrostatic printing has inherent advantages which
would appear to make it particularly desirable for printing
on plastic films. The inherent advantages include
adaptability to short runs economically, high resolution, on
demand printing and good visibility. However, at present,
printing on transparent films, especially multi-color
printing is commercially performed in multi-head presses,
and only in long runs.

SUMMARY OF THE INVENTION

It is an object of certain aspects of the present
invention to produce improved quality color images
electrostatically on transparent plastlc films and
substrates.

Color integrity of multi-color images is improved by
optimizing the image forming and transfer stages of the
printing process.

In order to improve the visibility of color images
printed on the inner surface of transparent flexible
packaging, according to a preferred embodiment of the ~
invention, the color image is overcoated with a
substantially opaque toner layer at least in those portions
of the packaging which are printed with color toners. Thus
on the packaging material, at least one color toner layer is

|REPLACEMENT SHEET
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7 resilient slightly conductive polyneric material _as is well 8 known in

the art, and is preferably charged to a potenti

oy

PAPEMERYCL Ao ed to @

few thousand volts with the sane 10 polarity ag the charge
on the toner 11 particles. 12 D scharge deyide 28 is operafiye to flood

sheet 12 with 13 light which discharges the vollt 3ge2Peddl¥Hy on|sheet 12,
14 mainly to reduce el ectrical breakdows, and ifpnove transfer g5/of the

i mage to internediate transfer nmenber 30. Opergtion 16 of such ajdevice in
a wite black systemis described in 17 U S. Patent-5.280 326 __th

e
di scl osure of which is 18 incorporated herein by reference., 19 Fi.gs. 1
and 2 furtheﬁiﬁhéﬁ/e@haﬁl?rﬁf-"ﬂtc&%rt’E’SnéP'%ﬁﬁ%? 20 aafé‘geﬂbf“ %r@ﬁeiq}‘gger
separ at e Sppaqse Aaydt of£kiteted behind the colored layer or layers,
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i.e., further away from the material. Such images are viewed
from the unprinted side of the substrate.

Alternatively, the complete multi-layer image is
printed with the opaque layer uppermost on the intermediate
transfer member so that, when the image is transferred to
the substrate, the opaque layer is closest to the substrate.
Such images are viewed from the printed side of the
substrate.

Additionally, the white toner layer may also extend
past the edges of the colored layers and directly contact
the packaging material.

In order to avoid unnecessary alignment and
registration steps, the different color images involved are
sequentially transferred from an image forming surface onto
an intermediate transfer member, each in alignment with
previous images. The intermediate transfer member is heated
so that each color image coalesces into a cohesive film, in
which the respective color pigments are held so that they do
not diffuse into other layers. Mixing of colors, especially
with the opaque pigment is detrimental to image quality.

Each complete multi-color image is subsequently
transferred from the intermediate transfer member to the
substrate.

Another object of certain aspects of the present
invention is to provide a process for printing toner polymer
images on ionomer (high or low molecular weight) or ethylene
vinyl acetate coatings on polyﬁer surfaces, thereby
achiéving improved qualities. The toner polymer images may
be based on high molecular weight ionomers, e.g. Surlyns,
low molecular weight ionomers, e.g. Aclyns, ionomers'having
an intermediate molécular weight, ethylene vinyl acetate
polymers and ethelene copolymers or terpolymers e.g., Bynels
and Nucrels, to achieve improved qualities, such as
sealability, adhesiveness, food compatibility, and others.



21 typically fromfive different reservoirs 59—=5+—569;--61-and 22 63.
Figure 1 shows five different colored toner rqREPLACEMIRG 554F37, 59, 61

and 63, typically containing the colors 24 Yelll gw —Vagernta;
white, respectively. In 25 addition, reservoirn 45 Nt g4
carrier 26 liquid whose operation was descri bgd. ﬁ§2ﬁ§§53?9%2

f@r)

ah, black and

elfaji vely cl ean

4, 96 27

and 108, may be provided al ong respective suppl y—eerdei-ts-28.98] 101, 103,

105, and 107, for providing a desired -aunt 29 of pressure to

eed the

colored toner to nmulticolor spray 30 assenbl y "ZO—Aftermativety, nulticol or

toner spray assenbly 31 20, which is preferably a three |evel

spray

assenbly, -1 32 recghV8ehEPPAs88cHs COFOkRE IPenftidn Uspeeid X dbhlerent

33 reservoirs (a sjxth reservo mar k S is shqoqwn) which 34 allo for
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have been prepared by adding pigments to a hot ionomer
solution, preferably of low molecular weight ionomers, and
stirring the mixture as it cools. This procedure has been
used to prepare gold, silver, white opaque TiO, based,
magnetic and fluorescent inks, respectively.

There is thus provided, in accordance with a preferred
embodiment of the invention, a printing process for forming
high contrast color images on polymer surfaces, comprising:

(a) forming a layer of substantially opaque liquid
toner comprising polymer based toner particles and a carrier
liquid, on an imaging surface;

(b) transferring the layer to an intermediate transfer
member; -

(c) heating the layer on the intermediate transfer
member to a temperature at which the toner particles at
least partially coalesce: ‘ '

(d) repeating (a) to (c) sequentially for at least one
subsequent layer in at least one color, said at least one
subsequent layer being transferred to the intermediate
transfer member onto the opaque layer to form multiple
layers on the intermediate transfer member; and

(e) transferring the multiple layers to a polymer
surface.

There is further provided, in accordance with a
preferred embodimeht of the invention, a printing process
for forming high contrast color images on polymer surfaces,
comprising:

(a) forming a colored layer of liquid toner comprising
polymer based toner particles and a carrier ligquid, on an
imaging surface:;

(b) transferring the layer to an intermediate transfer
member;

(c) heating the layer on the intermediate transfer
member to a temperature at which the toner particles at



35 brocess colors, black and white. 36 Toners that can be used with
t-he present invention are -12- 1 descri bedpi e L ob—4. S Patent
4,794,651, the 2 disclosure of which is inco PLEQEHE@ﬁéﬁﬁﬁsi ref erence or
3 variants thereof as are well known in the @rt. For coloredj4}liquid

devel opers, carbon black is replaced by colof % p2GndAN 39%s |s|wel| known
in the art. Other toners may 6 alternativel yfbe enpl oyed, cl uding |iquid

I n
toners and, as 7 indicated above, inclTding powder tonerst“§ Q her
toners for use in the invention can be prepaled

1 least partially coalesce;

2 (d) repeating (a) to (c) sequentially for at least a
3 substantially opaque liquid toner layer , said substantially
4 opaque layer being transferred to the intermediate transfer
5 member onto the colored layer to a plurality of layers on
6 the intermediate transfer member; and

7 (e) transferring the plurality of layers to a polymer
8 surface.

] Preferably, forming a layer comprises:

10 (i) charging a photoreceptor surface;

11 (ii) selectively discharging portions of the charged
12 photoreceptor surface to form a predefined electrostatic
13 image; and .

14 (iii) developing a layer of charged opague white toner
15 particles onto the selectively discharged portions of the
16 photoreceptor surface thereby providing a developed image
17 corresponding to the latent image.

i8 There is further provided, in accordance with a
19 preferred embodiment of the invention, a printing process
20 cdmprising:

21 (a) forming a liquid toner image comprising toner
22 particles based on a first polymer and a carrier liquid, on
23 an imaging surface;

24 (b) transferring the image to a surface coated with a
25 second polymer; and

26 (c) fusing and fixing the image to the surface coating,
27 wherein the second polymer is either an ionomer or an
28 ethylene vinyl acetate polymer.

29 Preferably, the second polymer is either an ionomer or
30 an ethylene vinyl acetate polymer high molecular weight
31 ionomers, e.g. Surlyns, low molecular weight ionomefs, e.g.
32 Aclyns, ionomers having an intermediate molecular weight,
33 ethylene vihyl acetate polymers and ethelene copolymers or
34 terpolymers e.g., Bynels and Nucrels.

35 There is further provided, in accordance with a
36 preferred embodiment of the invention, a printing process



9 uSing the follow ng nethod: 10 1) Sol ubilizing 1400 grams of Nucrel

Q25 (et hylene 11 copol yner by Dupont) and 1400 ¢
t horoughly m xed in an oil heated Ross Double P
24 RPM for 1.5 hours, with the oil 14 tenperatur
preheated Isopar L is added 15 and m xing i s con
hour. The mixture 16 is cooled to 45[erd -C, whi
over a 17 period of several hours, to forma visg

e jat 130[err] C

KERLATTREN MY 1 Sase

200 g of

tilnue@ JAN 1697 addi[t i onal

l g stirring is ¢omtinued

MIling and Ginding 762 grans of the result of

the 19 Sol ubili zi

cous matertat—i8 2)

g step

are grounQidbﬁbfggfﬁggitor (Union Process 20 Inc. Akron Chio), charged

Nogul L od bon bitik S9TRAAS: §. T8 e hernt pruseth bpRrinind, Fonet

produced lg particles based on a first polymer and a carrier liquid, on

4 an imaging surface:

(b) transferring the image to a surface coated with a

second polymer; and

wherein the first and second polymer

is an ionomer.

5

6 .

7 (c) fusing and fixing the image to the surface coating,
8

9

Preferably, the first pdlymer is comprises an ionomer,

10 more preferably the same ionomer as the second polymer.

11 There is further provided,

in accordance

with a

12 preferred embodiment of the invention, a toner particle

13 comprising:

14 a polymer; and
15 flakes of metal.
16 Preferably, the flakes which may be of gold or silver,

17 have a dimension greater than about 4 micrometers, more

18 preferably than 6 micrometers.
19 There is further provided,

in accordance

with a

20 preferred embodiment of the invention, a toner particle

21 comprising:
22 a polymer; and

23 a fluorescent material, preferably in the form of

24 particles having a size greater than

2 micrometers.

25 Preferably, the polymer in the above toner particles is

26 a low molecular weight ionomer.
27
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23 Cookson),

addi ti onal

Continuation of Ginding 34.5 grans of .ACum st

5 grans of alum num stearate (Ri ¢
1459. 6 grans of Isopar L for eight

pol yet hyl ene wax produced by Allied Signal) iq 38 29dgaN glinding is
continued for an additional 4 hours. 29 The rgs It|ng pa???%lus are fibrous

particles have a 30 neasured dianeter jn the nanmge—of—i—3—~i-cfofreters. 31

The resulting material is diluted with additignal 32 |sopar L aphd Marcol

to give a working developer in which 33 the dry sol i ds portiomi s about
1. 7% and in which the 34 gveral

about 50: 2 35 and 500: 1, HBFEFp¥§$§§5§F§BHL§€2§ﬁE B8 P*?58° R
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following description of preferred embodiments thereof in
conjunction with the following drawings which:

~ Fig. 1 is a simplified sectional illustration of
electrostatic imaging apparatué constructed and operative in
accordance with a preferred embodiment of the present
invention; and

Fig. 2 is a simplified enlarged sectional illustration
of the apparatus of Fig. 1.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Reference is now made to Figs. 1 and 2 which illustrate
a multi color electrostatic imaging system constructed and
operative in accordance with a preferred embodiment of the
present invention. As seen in Figs. 1 and 2 there is
provided an imaging sheet, preferably an organic
photoreceptor 12, typically mounted on a rotating drum 10.
Drum 10 is rotated about its axis by a motor or the like
(not shown), in the direction of arrow 18, past charging
apparatus 14, preferably a corotron, scorotron oOr roller
charger or other suitable charging apparatus as are known in
the art and which is adapted to charge the surface of sheet
photoreceptor 12. The image to be reproduced is focused by
an imager 16 upon the charged surface 12 at least partially
discharging the photoconductor in the areas struck by light,
thereby forming an electrostatic latent image. Thus, the
latent image normally includes image areas at a first
electrical potential and background areas at another
electrical potential.

A preferred photoreceptor sheet and preferred methods
of mounting it on drum 10 are described in a co-pending
application of Belinkov et al., IMAGING APPARATUS AND
PHOTORECEPTOR THEREFOR, filed September 7, 1994 assigned
serial number 08/301,775 and in coresponding applications in
other countries, the disclosures of which are incorporated
_herein by reference. Alternatively, photoreceptor 12 may be

82



-132 1 07/915,291 (utilizing lecithin, BBP and[LfE33008) . .and j:m WO 2

94/ 02887, in an anount approxi mately equal to REQ Gﬁﬁﬁ%ﬂés BElts in the -
final dispersion, is added to charge the toner |4}particles.” Ghef charge :
directors and additional additives 5 as are kndwh i2g9tJmN 4997 nhy| al so be
used. 6 The above descri bed process producégsja bl ack toner{ § Cyan,
magenta and yel |l ow toners can be produced by ugi frg—a—8—dtrfferent|m x of
materials for step 2). For Cyan toner,” 8229 9 ¢f the solubilizedjmaterial,
21. 33 grans each of BT 583D and 10 BT 788D pi gnents (Cookson), I.73 grans
of D1355DD pi grent

deposited on the drum 10 and may form a continuous surface.

Furthermore, photoreceptor 12 may be a non-organic type
photoconductor based, for example, on a compound of
selenium.

12, in a preferred embodiment of the invention, are a
multicolor liquid developer spray assembly 20, a developing
assembly 22, color specific cleaning blade assemblies 34, a
background cleaning station 24, an electrified squeegee 26,
10 a background discharge device 28, an intermediate transfer

1
2
3
4
5 Also associated with drum 10 and photoreceptor sheet
6
7
8
9

11 member 30, cleaning apparatus 32, and, optionally, a
12 neutralizing lamp assembly 36. Developing assembly 22
13 preferably includes a development roller 38. Development
14 roller 38 is preferably spaced from photoreceptor 12
15 thereby forming a gap therebetween of typically 40 to 150
16 micrometers and is charged to an electrical potential
17 intermediate that of the image and background areas of the
18 image. Development roller 38 is thus operative, when
19 maintained at a suitable voltage, to apply an electric field
20 to aid development of the latent electrostatic image.

21 Development roller 38 typically rotates‘ih the same
22 sense as drum 10 as indicated by arrow 40. This rotation
23 provides for the surface of sheet 12 and development roller
24 38 to have opposite velocities at the gap between them.

25 . In accordance with a preferred embodiment of the
26 invention, an opaque white background image is initially
27 developed on the photoreceptor surface and transferred to an
28 intermediate transfer member 30. The background image is
29 heated to a temperature that causes the white toner
30 particles in the presence of carrier liquid to at least
31 partially coalesce, preferably into a cohesive film, i.e.,
32 the toner pigment is fixed in the layer in which it was
33 deposited so that mixing of différent color pigments in
34 various layers is prevented. This is essential for the
35 achievement of good color qguality and contrast in the final

36 composite image. Subsequent images in different colors are



11 {BASF), 7.59 granms of alum num stearate an 7 | sopar L
are used in step 2. For Magenta toner, 810 grm@‘ﬁéﬂﬁlﬁﬁ jzed,
material, 48.3 grans of Finess Red F2B, 6.81 {4}lgrans of alu i um st ear at e
and 1434.2 granms of |sopar L are 15 used in s e) 29 AN 1971 ol t oner 810

grans of solubilized 16 material, 49.1 gyans ¢f | DI355DD pi gnepty 6.9 grans
of 17 al um num stearate and 1423 grans of |sopa are used 1n [I8 step 2.
19 QO her preferred liquid toners for use iin the present 20.l nvention

are prepared as follows: 300 grans of a 21 chargeabl e Low nplecu ,
wei ght i orlorfend 1w i g adgian Qﬁé{@éq;ﬁ;ﬁ@zam |%%IGSP§E§13 %%r&raﬂ#o‘i’—ﬁ?gd it

1500 grang CHlizgﬁgi@dt with? 3cé thrderdud dinagd Idhtd 20 esridd idte etsansfeng.
To forminks di

m xed 3 member %%er lghgq%nth 'Eegm o boeaférgl 1) Y £9988n" AL

forms a cohesive non-diffusive layer.

It should be noted that each of the layers is a viscous
liquid and that while heating does cause the layers to
coalesce, the balance between Qiscosity'and surface tension
of the layers is apparently.such that the individual layers

O 0 NN b

have only minimal mixing.

10 When all of the desired images have been transferred to
11 intermediate transfer member 30, the complete multi-color
12 image is transferred therefrom to substrate 72. Impression
13 roller 71 only produces operative engagement between
14 intermediate transfer member 30 and substrate 72 when
15 transfer of the composite image to substrate 72 takes place,
16 preferably with heat ahd pressure. Substrate 72 which is
17 preferably a transparent flexible polymer film is fed from a
18 feeder roller 77 and is taken up by take up roller 78. The
19 printing process when carried out as described produces a
20 high contrast high colored quality image.

21 Preferably, the motion of the polymer film is halted
22 during the accumulation of the layers on the intermediate
23 transfer member. Just prior to the transfer, the £film is
24 accelerated to a velocity substantially equal to the surface
25 velocity of the intermediate transfer member, such that
26 there is substantially zero relative motion between them at
27 the time of contact. Furthermore, between transfers, the
28 film is preferably partially rewound so that, after the
29 accéleration, only a minimal blank space is left unprinted.
30 . Multicolor liquid developer spray assembly 20, whose
31 operation and structufe is described in detail in U.S.
32 Patent 5,117,263, the disclosure of which is incorporated
33 herein by reference, may be mounted on axis 42 to allow
34 assembly 20 to be pivoted in such a manner that a spray of
35 liquid toner containing electrically charged pigmented toner
36 particles can be directed either onto a portion of the



1T T 0126 ahtoned to cool

p Lmﬁbkﬁfﬁﬂﬁ‘e‘par ed in
this 28 way: 29 Ti Q2 BASED OPAQUE WHI TE TONER | NK 30 A preferred opaque
white ink in accordance with the 31 present in e1ti2)9|~ipé\1?99 pay ed by addi ng
200 grans of finely 32 divided TiQ2 pignent, having an averagel dj aneter of
about 33 0.5 micrometers to the sol ubiti%ed poliyimer while stirripg. 34 The
m xture is allowed to cool and settle with conffi nuous 35 stirripg. Charge
director, as described above or other 36 charged directors as known in the
art, and agdaévenabmestpaller 38, a portion of the photoreceptor 12

2 or directly into a development region 44 between
photoreceptor 12 and development roller 38. Alternatively,
assembly 20 may be fixed. Preferably, the spray 1s'directed
onto a portion of the development roller 38.

Color specific cleaning blade assemblies 34 -are
operatively associated with developer roller 38 for separate

25 wWith the hot solubilized polyner. The conpo
while stirring. 27 The following liquid to

removal of residual amounts of each colored toner remaining
thereon after development. Each of blade assemblies 34 is
10 selectably brought into operative association with developer

O 0 N2 6 i1 b W

11 roller 38 only when toner of a color corresponding thereto
12 is supplied to development region 44 by spray assembly 20.
13 The construction and operation of cleaning blade assemblies
14 is described in PCT Publication WO 90/14619 and in US patent
15 5,289,238, the disclosures of which are incorporated herein
16 by reference.

17 Each cleaning blade assembly 34 includes a toner
18 directing member 52 which serves to direct the toner
19 removed by the cleaning blade assemblies 34 from the
20 developer roller 38 to separate collection containers 54,
21 56, 58, 60,and 68 and for each color to prevent
22 contamination of the various developers by mixing of the
23 colors. The toner collected by the collection containers is
24 recycled to a corresponding tbner reservoir (55, 57, 59 ,61
25 and 63). And a final toner directing member 62 always
26 engages the developer roller 38 and the toner collected
27 thereat is supplied into collection container 64 and
28 thereafter to reservoir 65 via separator 66 which is
29 operative to separate relatively clean carrier liquid from
30 the various colored toner particles. The separator 66 may be
31 typically of the type described in U.S. Patent 4,985,732,
32 the disclosure of which is incorporated herein by reference.
33 In a preferred embodiment of the invention, as
34 described in PCT Publication WO 92/13297, the disclosure of
35 which is incorporated herein by reference, where the imaging
36 speed is very high, a background cleaning station 24
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direction indicated by arrow 50 is preferably electrically
biased to a potential intermediate that of the image and
background areas of photoconductive drum 10, but different
from that of the development roller. Reverse roller 46 is
preferably spaced apart from photoreceptor sheet 12 thereby
forming a gap therebetween which is typically 40 to 150
micrometers.

Wetting roller 48 is preferably partly immersed in a
fluid bath 47, which preferably contains carrier liquid
received from carrier liquid reservoir 65 via conduit 88.
Wetting roller 48, which preferably rotates in the same
sense as that of drum 10 and reverse roller 46, operates to
wet photoreceptor sheet 12 with non-pigmented carrier liquid
upstream of reverse roller 46. The liquid supplied by
wetting roller 48 replaces the liquid removed from drum 10
by development assembly 22, thus allowing the reverse
roller 46 to remove charged pigmented toner particles by
electrophoresis from the background areas of the latent
image. Excess fluid is removed from reverse roller 46 by a
liquid directing member 70 which continuously engages
reverse roller 46 to collect excess liquid containing toner
particles of various colors which is in turn supplied to
reservoir 65 via collection container 64 and separator 66.

Wetting roller 48 is preferably electrically biased to
a potential intermediate that of the image and background
areas of photoconductive drum 10, but different from that of
the development roller. This biasing of wetting roller 48
assists in removing toner particles from the background
areas of photoreceptor sheet 12. Wetting roller 48 is
preferably spaced apart from photoreceptor sheet 12 thereby
forming a gap therebetween which is typically 40 to 200
micrometers.

The apparatus embodied in reference numerals 46, 47, 48
and 70 is generally not required for low speed systems, but
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6 optioha act as protective ac agai n
is urged against the surface of sheet lip 8 is gpera%ive to

remove liquid carrier from the background regions and to
compact the image and remove liquid carrier therefrom in the
image regions. Squeegee roller 26 is preferably formed of
resilient slightly conductive bolymeric material as is well
known in the art, and is preferably charged to a potential
of several hundred to a few thousand volts with the same
polarity as the polarity of the charge on the toner
particles.

Discharge device 28 is operative to flood sheet 12 with
light which discharges the voltage remaining on sheet 12,
mainly to reduce electrical breakdown and improve transfer
of the image to intermediate transfer member 30. Operation
of such a device in a write black system is described in
U.S. Patent 5,280,326, the disclosure of which is
incorporated herein by reference.

Figs. 1 and 2 further show that multicolor toner spray
assembly 20 receives separate supplies of colored toner
typically from five different reservoirs 55, 57, 59, 61 and
63. Figure 1 shows five different colored toner reservoirs
55, 57, 59, 61 and 63, typically containing the colors
Yellow, Magenta,.Cyan, black and white, respectively. In
addition, reservoir 65 contains relatively clean carrier
liquid whose operation was described. Pumps 90, 92, 94, 96
and 108, may be provided along respective supply conduits
98, 101, 103, 105, and 107, for providing a desired amount
of pressure to feed the colored toner to multicolor spray
assembly 20. Alternatively, multicolor toner spray assembly
20, which is preferably a three level spray assembly,-.
receives supplies of colored toner from up to six different
reservoirs (a sixth reservoir marked S is shown) which
allows for custom colored toners in addition to the standard
process colors, black and white.

Toners that can be used with the present invention are "
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36 and mxing is continued for 5 mnutes. Thejtenperature is - 15 -
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described in Example 1 of 6}8. Patent 4,794,651, the
disclosure of which is incorporated herein by reference or
variants thereof as are well known in the art. For colored
liquid developers, carbon black is replaced by color
pigments as is well known in the art. Other toners may
alternatively be employed, including liquid toners and, as
indicated above, including powder toners.

Other toners for use in the invention can be prepared
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using the following method:

1) Solubilizing 1400 grams of Nucrel 925 (ethylene
copolymer by Dupont) and 1400 g of Isopar L (Exxon) are
thoroughly mixed in an oil heated Ross Double Planetary
Mixer at least 24 RPM for 1.5 hours, with the o0il
temperature at 130° C. 1200 g of preheated Isopar L is added
and mixing is continued for an additional hour. The mixture
is cooled to 45° C, while stirring is continued over a

[
o

R O o
N o v W e

period of several hours, to form a viscous material.
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2) Milling and Grinding 762 grams of the result of the
Solubilizing step are ground in a 1S attritor (Union Process
Inc. Akron Ohio), charged with 3/16" carbon steel balls at
250 RPM, together with 66.7 grams of Mogul L carbon black
(Cabot), 6.7 grams of BT 583D (blue pigment produced by
Cookson), 5 grams of aluminum stearate (Riedel Dehaen) and
an additional 1459.6 grams of Isopar L for eight hours at
30° C. .

3) Continuation of Grinding 34.5 grams of ACumist A-12
(a micronised polyethylene wax produced by Allied Signal) is
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added and grinding is continued for an additional 4 hours.
The resulting particles are fibrous particles have a
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measured diameter in the range of 1-3 micrometers.

The resulting material is diluted with additional
Isopar L and Marcol 82 to give a working developer in which
fhe dry solids portion is about 1.7% and in which the
overall ratio of Isopar L to Marcol is between about 50:1
and 500:1, more preferably between about 100:1 and 200:1.
Charge director as described in US patent application

W Wwwwwow
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4 particles. Other charge directors and additional additives

as are known in the art may also be used.

The above described process produces a black toner.
Cyan, magenta and yellow toners can be produced by using a
different mix of materials for step 2). For Cyan toner, 822¢g
of the solubilized material, 21.33 grams each of BT 583D and
10 BT 788D pigments (Cookson), 1.73 grams of D1355DD pigment
11 (BASF), 7.59 grams of aluminum stearate and 1426 grams of
12 Isopar L are used in step 2. For Magenta toner, 810 grams of
13 solubilized material, 48.3 grams of Finess Red F2B, 6.81
14 grams of aluminum stearate and 1434.2 grams of Isopar L are
15 used in step 2. For yellow toner 810 grams of solubilized
16 material, 49.1 grams of D1355DD pigment, 6.9 grams of
17 aluminum stearate and 1423 graﬁs of Isopar L are used in
18 step 2.

19 Other preferred liquid toners for use in the present
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20 invention are prepared as follows: 300 grams of a

21 chargeable low molecular weight ionomer Aclyn 293A (made by -
22 Allied Signal) were solubilized in 1500 grams of Isopar - L

23 with heating to 110°- 120°C while stirring. To form inks,

24 dispersed pigments or color particles are added to and mixed

25 with the hot solubilized polymer. The composition is

26 allowed to cool while stirring.

27 The following liquid toner inks were prepared in this
28 way:

29 '1‘:'.02 BASED OPAQUE WHITE TONER INK

30 A preferred opaque white ink in accordance with the

31 present invention is prepared by adding 200 grams of finely
32 divided TiO2 pigment, having an average diameter of about
33 0.5 micrometers to the solubilized polymer while stirring.
34 The mixture is allowed to cool and settle with continuous
35 stirring. Charge director, as described above or other
36 charged directors as known in the art, and additional Isopar



15 are unaligned in the toner, when the toner i s ' thin

| ayer during heating and fixing to the substratgﬁpﬁég$gﬂﬂfr§k@§”@electively_
align thensel ves to give good specul ar 18 refl dctfion. 19 SILVER INK 20

The materials used in the preparation are 300 drgns221JANI9%293A] (nade by
Al'lied Signal), 1500 grans |sopar-L and 22 100 |Gjans silver fl akes 6-10

m cronmeters (made by SCHLENK). 23 The sab#® $#rogedure as for goldfink is

used to obtain ink 24 with a nedian particle silzeaf 8.2 nicronefers. 25

The ink was tested in both printing nodes, in the 26 printer giving

metal lic sjlyesnar MAREOM tdWUtaPALKE Q4R IY £t 20884t iten £okd MAANRh 4! NK
2 toner. The opaque white liquid toner so obtained is used,
as previously mentioned, to enhance the quality of color

images when 1t serves as a back layer for color contrast.
The median pigmented toner particle size in the toner is
4.81 micrometers. .

An alternative preferred method for producing white
toner ink concentrate, in accordance with a preférred
embodiment of the invention comprises the steps of (1)
10 plasticizing 35% Nucrel 699 (ethylene-metacrylic acid
11 copolymer by DuPont) in Isopar ﬁ (EXXON) by heating the
12 materials in a Ross double planetary mixer to 150°C while
13 mixing the materials and allowing the mixture to cool while
14 mixing continues until the mixture is fully mixed and
15 homogeneous; (2) mixing 3071 gfams of the mixture produced
16 by step (1) with 1075 grams of KRONOS 2310 titanium dioxide
17 (NL Chemicals) and 4454 grams of Isopar L in a Ross type LAB
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18 ME high shear mixer until the new mixture is completely
19 homogeneous; and (3) grinding the mixture at about 56°C (the
20 temperature of the mixture without cooling) for 16 hours in
21 a SEECO M1l8 Vibratory Mill charged with 3/8" zirconia media.
22 The resultant toner has a median diameter of about 3
23 microns. _

24 The material is charged and diluted as described above
25 and 3 micrometer micron particles of TEFLON M1200 are
26 optionally added to act as protective spacers against
27 abrasion for the final image.

28 Other inks are prepared in a manner similar to the
29 first method for producing white toner ink and provided the
30 following results:

31 GOLD TONER INK

32 Aclyn293A, (made by Allied Signal) 150 grams, and
33 Isopar-L, 800 grams, are heated with mixing in a glass
34 beaker, at a temperature of 110° - 120° C. 100 grams of 6-
35 10 micrometer gold flakes (made by SCHLENK) are slowly added
36 and mixing is continued for 5 minutes. The temperature is



29 The materials used in the preparation ar n293A
(rmade by Allied Signal), 37 grans MO 4431 magneti 1ERCEQE®ﬁ?SQEETJy | SK
MAGNETICS) with a particle size of 8-10 32 microfeters and 180 gfafs
| sopar-L. The sane procedure as 33 for gold ink {|sfus2®9 JAN@%7ai h hagnetic
ink with a nmedian 34 particle size of 9.0 dmcrofeters as neasur pdj by
SCHI MADZU 35 Particle Size Analyzer. 36 Whep the magnertc—Thk|is
deposited at a mass/ area of - 16 - 1 0.26ng./k8q.cm . the resultant

;g%g: a{]ﬁ: ﬁa%vg%éctgigarﬂ 1_2005082&) of standard as neasured by a NM
The composition is mixed at high shear (ROSS HIGH

SHEAR MIXER) for 1 minute and cooled, while mixing, to room

temperature while mixing is continued at 250 RPM.

Final ink median particle size as measured by a
SCHIMADZU PARTICLE SIZE ANALYZER is 18.6 micrometers.

The ink was tested in an E-PRINT 1000 (using the single
final transfer mode described above and separate transfer of
individual colors to the final substrates) printer (INDIGO,
N.V.) giving metallic gold prints which are free of
background contamination. It should be noted that this
method of preparing gold ink (and the other inks described
below), without grinding, results in large reflective gold
particles being laid onto the substrate. While the flakes
are unaligned in the toner, when the toner is formed into a
thin layer during heating and fixing to the substrate, the
flakes selectively align themselves to give good specular
reflection.

SILVER INK

The materials used in the preparation are 300 grams
Aclyn293A (made by Allied Signal), 1500 grams Isopar-L and
100 Grams silver flakes 6-10 micrometers (made by SCHLENK).
The same procedure as for gold ink is used to obtain ink
with a median particle size of 8.2 micrometers.

The ink was tested in both printing modes, in the
printer giving metallic silver prints without background
contamination.

MAGNETIC INK
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The materials used in the preparation are 20 grams
Aclyn293A (made by Allied Signal), 37 grams MO 4431 magnetic
oxide (made by ISK MAGNETICS) with a particle size of 8-10
micrometers and 180 grams Isopar-L. The same procedure as
for gold ink is used to obtain magnetic ink with a median

particle size of 9.08 micrometers as measured by SCHIMADZU
Particle Size Analyzer.
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When the magnetic ink is deposited at a mass/area of
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by Checkmate Electronics, and an optical density of 1.5

‘(transmittance).

FLUORESCENT INK

The materials used in the preparation are 500 grams
Aclyn293A (made by Allied Signal), 333.3 grams fluorescent
pigment RC15 (made by RADIANT COLOR) having a median
particle size of 2.5 - 4.5 micrometers and 1500 grams
Isopar-L. '

The resin is solubilized by the ISOPAR L in a ROSS
DOUBLE PLANETARY MIXER heated at 110° C. o

The pigment is predispersed and wetted by using a warm
solution of Aclyn293A, then adding the predispersed pigment
gradually into the double planetary mixer. The material is
mixed for about 10 minutes, while heating is maintained, to
obtain a homogeneous composition. Heating is stopped and
mixing is continued for an additional 1.5 hours to obtain
toner concentrate with a particle size of 3.82 micrometers.
Wworking dispersions are prepared using a high shear mixer.

Intermediate transfer member 30 may be any suitable
intermediate transfer member having a multilayered transfer
portion such as those described below or in US Patents
5,089,856 or 5,047,808 or in U.S. Patent application
08/371,117, filed January 11, 1995 and entitled IMAGING
APPARATUS AND INTERMEDIATE TRANSFER BLANKET THEREFOR (and in
coresponding applications in other countries), the
disclosures of which are incorporated herein by reference.
Member 30 is maintained at a suitable voltage and
temperature for electrostatic transfer of the image thereto
from the image bearing surface. Intermediate transfer member
30 is preferably associated with a pressure roller 71 for
transfer of the image onto a final substrate 72, preferably
by heat and pressure. Additionally, pressure roller 71 may
be electrified to overcome the voltage on the intermediate
transfer member or to provide an additional electric field



17 obtain a honbgeneous conposition. Heating i $aahPPRETAMe-38—m xing is
Qont!nued for'an additional 1.5 hours to obtai RL,:§oﬂﬁﬁﬁﬂbSHEET ate with a
particle size of 3.82 mcroneters. 20 Wrking ¢i gpersions are

_ : _ repared
using a high shear mxer. 21 I nternedi ate §rans2eryment BO| nay be any
suitable 22 internediate transfer nenber having & multilayered|tfansfer 23
portion such as those described bel ow ort%i n US| Phremts=—24 5689, B56 or

5,047,808 or in U S. Patent application 25 08/ 871,117, filed Janpary 11,

. 1995 and entitled | MA@ NG 26 APPARATUS AND | NTERVEDI ATE TRANSF BLANKET
THEREFOR (lart iaid treosdepondi iheagdiactmlifded itenamdio ddithiTYRENTatee 28

di scl Osur?saOf W1ty |4 RAn efh hetgi spbyateler eacecrad Mudm i i s

mai nt ai ne t a sultabl € volt d '
e s i ot ricaptol? L5 TRA" $E8 ATaBLE° K051 045 o

4 cleaning roller 74, a sprayer 76 to spray a non- polar

preferab

cleaning liquid to assist in the scrubbing process and a
wiper blade 78 to complete the cleaning of the
photoconductive surface. Cleahing roller 74, which may be
formed of any synthetic resin known in the art, for this
purpose is driven in the same sense as drum 10 as indicated
10 by arrow 80, such that the surface of the roller scrubs the
11 surface of the photoreceptor. Any residual charge left on
12 the surface of photoreceptor sheet 12 may be removed by
13 flooding the photoconductive surface with light from
14 optional neutralizing lamp assembly 36, which may not be
15 required in practice.
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16 wWhile the invention has been described with respect to
17 printing on the inside of clear wrapping material (i.e.,
18 with the opaque layer furthest from the substrate), in an
19 alternative preferred embodiment of the invention, the layer
20 closest to the substrate is opaque. Such images are designed
21 to be viewed from the side of the substrate on which the
22 image is printed. For this embodiment of the invention, the
23 white layer will be formed on the imagiﬁg surface and
24 transferred to the intermediate transfer member after the
25 other, colored layers.

26 In addition to the details of the printing processes
27 given above, additional details of printing processes and
28 operates are given in the patents and publications
29 incorporated herein by reference.

30 It has been found that the above mentioned toners and
31 other toners based on similar materials and high molecular
32 weight ionomers such as surlyns adhere well to the
33 substrates used in food packaging. This adhesion is found to
34 be especially good when the toner is based on an lonomer or
35 ethylene polymer or  copolymer and the polymer film is
36 coated by a similar material. Such coatings, particularly



31 fromthe image bearing surface. Internediate
preferably associated with a pressure roller 71 SHEET t he
i mage onto a final substrate 72, preferably 34 b
Additionally, pressure roller 71 may 35 be el ectyfi
voltage on the internediate 36 transfer nenber o 0 provide an jadditi onal
electric field - 17 - 1 to aid transféP of tHe electrifi+ed-tdndr to the
substrate. 2 Cl eani ng apparatus 32 is operatd to scrub cledan the 3
surface of photoreceptor 12 and preferably includes a 4 cleam ol ler 74,
a sprayer 16Suelypr %04 rnonomaa,alEVA (particularly low molecular weight

2 EVA) and ethylene acrylic acid are often provided on the

inner surface of food wrappings to give improved properties
such as sealability, adhesiveness and food compatibility.

It should be understood that the invention is not
limited to the specific type of image forming system used
and the present invention is also useful with any suitable
imaging system which forms a liquid toner image on an image
forming surface and, the specific details given above for
10 the image forming system are included as part of a best mode
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11 of carrying out the invention, however, many aspects of the
12 invention are applicable to a wide range of systems as known
13 in the art for electrostatic printing and copying.

14 It will be appreciated by persons skilled in the art
15 that the present invention is not limited by the description
16 and example provided hereinabove. Rather, the scope of this
17 invention is defined only by the claims which follow:

18
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with the op %. R,pr inting process for forming high contrast color

3 images on polymer surfaces, comprising:

4 (a) forming a layer of substantially opaque liquid
5 toner comprising polymer based toner particles and a carrier
6 liquid, on an imaging surface; °

7 (b) transferring the layer to an intermediate transfer
8 member;

9 (c) heating the layer on the intermediate transfer
10 member to a temperature at which the toner particles at
11 least partially coalesce;

12 (d) repeating (a) to (c) sequentially for at least one
13 subsequent layer in at least one color, said at least one
14 subsequent layer being transferred to the intermediate
15 transfer member onto the opaque layer to form multiple
16 layers on the intermediate transfer member; and

17 (e) transferring the multiple layers to a polymer
18 surface.
19

20 2. A process according to claim 1 wherein the opaque layer
21 is the lowest layer of the multiple layers on the
22 intermediate transfer member.

23

24 3. A printing process for forming high contrast color
25 images on polymer surfaces, comprising:

26 (a) forming a colored layer of liquid toner comprising
27 polymer based toner particles and a carrier liquid, on an
28 imaging surface;

29 (b) transferring the layer to an intermediate transfer
30 member;

31 (c) heating the layer on the intermediate transfer
32 member to a temperature at which the toner particles at
33 least partially coalesce:;

34 (d) repeating (a) to (c) sequentially for at least a
35 substantially opaque liquid toner layer , said substantially
36 opaque layer being transferred to the intermediate transfer
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surface.

4. A printing process according to
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the intermediate transfer member.

5. A process according to claim 3
opaque layer is the uppermost layer

polymer surface.

6.
7.

8.
pigment is TiO,.

g.
wherein forming a layer comprises:
(i) charging a chargeable

and

(iii) developing a layer of

corresponding to the latent image.

to the
of layers to a polymer

claim 3 and including

repeating (a) to (c) sequentially prior to (d) for at
least one subseéuent layer in at least one different color,
said colored and opaque layers forming multiple layers on

or claim 4 wherein the
of the multiple layers

on the intermediate transfer member prior to transfer to the
A process according to any of the preceding claims
wherein the colored layers are in the form of an image.

A process according to any of the preceding claims
wherein the opaque liquid toner contains a white pigment.

A process according to claim 7 wherein the white

A process according to any of the preceding claims

imaging surface:;

(ii) selectively discharging portions of the charged
imaging surface to form a predefined electrostatic image;

charged opaque white toner

particles onto the selectively discharged portions of the
imaging surface thereby providing a developed image
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2 wherein the polymer surface is the surface of a transparent
film.

11. A process according to any of the preceding clainms
wherein the polymer surface is coated.

12. A process according to claim 11 wherein the coating is
an ionomer.

W 0O N o oW

10

11 13. A process according to claim 12 wherein the ionomer has
12 a low molecular weight.

13

14 14. A process according to claim 12 wherein the ionomer has
15 a high molecular weight.

16

17 15. A process according to claim 11 wherein the coating is
18 an ethylene vinyl acetate polymer.

19

20 16. A process according to any of the preceding clainms

21 wherein the polymer surface is polypropylene.

22

23 17. A process according to any of claims 1-15 wherein the
24 polymer surface is polyethylene. |

25

26 18. A process according to any of the preceding claims
27 wherein the transfer of the multiple layérs to the polymer
28 surface is effected with heat and pressure.

29 _

30 19. A process according to any of the preceding claims
31 wherein at least one of the at least one color layers is a

32 color halftone separation.
33

34 20. A process according to any of the preceding claims in
35 which the toner particle layers form films on the
36 intermediate transfer member.
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21. A printing process comprising:

(a) forming a liquid toner image comprising toner
particles based on a first polymer and a carrier liquid, on
an imaging surface; ,

(b) transferring the image to a surface coated with a
second polymer; and’

(c) fusing and fixing the image to the surface coating,
wherein

the second polymer is either an jionomer or an ethylene
vinyl acetate polymer.

22. A process according to claim 21 wherein the first
polymer is an ionomer.

23. A process according to claim 22 wherein the first
polymer is a high molecular weight ionomer.

24. A process according to claim 22 wherein the first
polymer is a low molecular weight ionomer.

25. A process according to claim 21 wherein the first
polymer is ethylene wvinyl acetate.

26. A process according to claim 21 wherein the polymer is
a ethylene copolymer.

27. A process according to claim 21 wherein the polymer is
a2 ethylene terpolymer.

28. A process according to any of claims 21-27, wherein
the second polymer is an ionomer.

29. A process according to claim 28, wherein the second
polymer is a high molecular weight ionomer.
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30. A process according to claim 28, wherein the second
polymer is a low molecular weight ionomer.

31l. A process according to claim 28 wherein the second
polymer is ethylene vinyl acetate.

32. A process according to any of claims 21-31, wherein the
substrate surface is a polypropylene f£ilm.

33. A process according to any of claims 21-31, wherein the
substrate surface is a polyethylene film.

34. A printing process cémprising:

(a) forming a liquid toner image comprising toner
particles based on a first polymer and a carrier liquid, on
an imaging surface;

(b) transferring the image to a surface coated with a
second polymer; and

(c) fusing and fixing the image to the surface coating,
wherein the first polymer and the second polymer are both

"ionomers.

35. A process according to claim 34 wherein the first
ionomer is of a low molecular weight. |

36. A process according to claim 34 wherein the first
ionomer is of a high molecular weight.

37. A process according to any of claims 34-36, wherein the
second ionomer is of a low molecular weight.

38. A process according to any of claims 34-36 wherein the
second ionomer is of a high molecular weight.

39. A process according to any of claims 34-38 wherein the
surface is a polypropylene film.
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40. A process according to any of claims 34-38 wherein the
surface is a polyethylene f£ilm.

41.
wherein tbe

A process according to any of the preceding claims

imaging surface is the surface of a

photoreceptor.

42. A toner particle comprising:
a polymer; and '

flakes of metal.

43. A toner particles according to claim 42 wherein the
flakes of metal have a dimension greater than about 4
micrometers.

44.

flakes of metal have a dimension greater than 6 micrometers.

A toner particle according to claim 43 wherein the

45. A toner particle according to any of claims 42-44
wherein the metal flakes comprise gold.

46. A toner particle according to any of claims 42-44
wherein the metal flakes comprise silver.

47. A toner particle comprising:
a polymer; and
a fluorescent material.

48. A toner particles according to claim 47 wherein
fluorescent material is in the form of particles having a

size greater than 2 micrometers.

49. A toner particle according to any of claims 42-48

" wherein the polymer is a low molecular weight ionomer.
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menber. 3. A printing process for formng highjcontrast color | mages on
pol ymer surfaces, conprising: (a) fornlng a col ored layer of TTqujd toner
in imge- forn1conpr|5|ng pol ymer based t ﬁer patiicles_ and a carrjer

liquid, on an imaging surface; (b) transferring the layer to an
i nternedi ate transfer nenber; %3 heating the |ayer on the internediate
transfer ménB8r tAnaakeptrified stopexiPertichrragsasding #0 |any of
partially goahasmg; afdagr.epeating (a) to (c) sequentially for at |least a
substantial,l y opaque |iquid toner |ayer, said substantially opaque |ayer
being transferred to the internedi ate transfer nenber onto the

4 51. A liquid toner comprising:

5 a plurality of toner particles according to any of
6 claims 42-50; and
7 a carrier liquid.
8
9 51. A printed image printed with toner particles according
. 10 to any of claims 42-50.
' 11

12 52. A printed image printed with a process utilizing a
13 liquid toner according to claim 51.
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ABSTRACT OF THE INVENTION

A printing process for forming high contrast color
images on polymer surfaces, comprising: (a) forming a layer
of substantially opaque liquid toner comprising polymer
based toner particles and a carrier liquid, on an imaging
surface; (b) transferring the layer to an intermediate
transfer member; (c) heating the layer on the intermediate
transfer member to a temperature at which the toner
particles at least partially coalesce; (d) repeating (a) to
(c) sequentially for at least one subsequent layer in at
least one color, said at least one subsequent layer being
transferred to the intermediate transfer member onto the
opaque layer to form multiple layers on the intermediate
transfer member; and (e) transferring the multiple layers to
a polymer surface. '

Figure 1
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1. A printing process for forming high contrast color images on polymer surfaces,
comprising:

(a) forming a layer of substantially opaque liquid toner comprising polymer based toner
particles and a carrier liquid, on an imaging surface;

(b) transferring the layer to an intermediate transfer member;

(c) heating the layer on the intermediate transfer membu to a temperature at which the
toner particles at least partially coalesce;

(d) repeating (a) to (c) sequentially for at least one subsequent layer in at least one color
in image form, said at least one subsequent layer being transferred to the intermediate transfer
member onto the opaque layer to form multiple layers on the intermediate transfer member; and

(¢) transferring the multiple layers to a polymer surface of a transparent substrate.

2. A process according to claim 1 wherein the opaque layer is the lowest layer of the

multiple layers on the intermediate transfer member prior to transfer to the intermediate transfer
member.

-~

3.. A printing process for forming high contrast calor images on polymer surfaces,
comprising:
(a) forming a colored layer of liquid toner in image form comprising polymer based toner
particles and a camier liquid, on an imaging surface;
(b) transferring the layer to an intermediate transfer member;
(c) heating the layer on the intermediate transfer member to a temperature at wluch the
toner particles at least partially coalesce;
(d) repeating (a) to (¢) sequentially for at least a substantially opaque liquid toner layer,
' said substantially opaque layer being transferred to the intermediate transfer member onto the
N colored layer to form a plurality of layers on the intermediate transfer member; and
(¢) transferring the plurality of layers to a polymer surface.

4, A printing process according to claim 3 and including

repeating (1) to (c) sequentially prior to (d) for at least one subsequent layer in at least
one different color, said colored and opaque layers forming multiple layers on the intermediate
transfer member.

5. A process according to claim 3 or claim 4 wherein the opaque layer is the uppermost

layer of the multiple layers on the intermediate transfer member prior to transfer to the polymer
surface.

6. A process according to any of the preceding claims wherein the opaque layer is in the

R YR A
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form of an image.

7. A process according to any of the preceding claims wherein the opaque liquid toner
containg & white pigment.

8. A. process according to claim 7 wherein the white pigment is TiOz.
9. A process according to any of the preceding claims wherein forming a layer comprises:
(i) charging a chargeable imaging surface; '

(i) selectively discharging portions of'the charged imaging surface to form a predefined
_ electrostatic image; and

(iii) developing a layer of charged opaque white toner particies onto the selectively
discharged portions of the imaging surface tlefeby providing a developed image corresponding
to the latent image,

10. A process according to any of the preceding claims wherein the polymer surface is the
surface of a transparent film. '

11. A process according to any of the preceding clairas wherein the polymer surface is
coated,

12. A process according to claim 11 wherein the coating is an ionomer.
13. A process according to claim 12 wherein the ionomer has 2 low molecular weight.
14.  Aprocess according to claim 12 wherein the ionomer has a high molecular weight.

13.  Aprocess according to claim 11 wherein the coating is an ethylene vinyl acetate
polymer.

16, A process according to any of the preceding claims wherein the polymer surface is
polypropylene.

17. A process according to any of claims 1-15 wherein the polymer surface is polyethylene.

18. A process according to any of the preceding claims wherein the transfer of the multiple
layers to the polymer surface is effected with heat and pressure.

19. A process according to any of the preceding claims wherein at least one of the at least

"
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one color layers is a color halftons separation.

20.  Aprocess according to any of the preceding claims in which the toner particle layers
form films on the intermediate transfer member.

21. A process according to any of the preceding claims wherein the imaging surface is the
. surface of a photoreceptor. '
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PRINTING ON TRANSPARENT FILM
' ABSTRACT OF THE INVENTION
A printing process for forming high contrast color
images on polymer surfaces, comprising: (a) forming a layer
of substantially opaque liguid toner comprising polymer
based toner particles and a carrier liquid, on an imaging
surface; (b) transferring the layer to an intermediate
transfer member; (c) heating the layer on the intermediate
transfer member to a temperature at which the toner
particles at least partially coalesce;.(d) repeating (a) to
(c) sequentially for at least one subsequent layer in at
least one color, said at least one subsequent layer being
transferred to the intermediate transfer member onto the
opaque layer to form multiple layers on the intermediate
transfer member; and (e) transferring the multiple layers to
a polymer surface.
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Figure 1




