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BARNHORST SCHREINER & GOONAN e
550 West C Street, Suite 1350 00Fep ) 4

San Diego, California 92101-3509 PH 2: 47

Telephone: (619) 544-0900

Attomeys for Plaintiff S\WGRASS SYSTEMS, INC. 6 &Lat
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UNITED STATES DISTRICT COURT
SOUTHERN DISTRICT OF CALIFORNIA

. 7,
SAWGRASS SYSTEMS, INC., a South CASE%).c v 03 86 L (LAQ

Carolina corporation,
COMPLAINT FOR:
Plaintift, i
1. PATENT INFRINGEMENT
V. 2. INDUCEMENT OF PATENT
INFRINGEMENT
CORPORATE COPY, a Tennessee 3. CONTRIBUTORY PATENT
Corporation; TOM PEASE, an individual; INFRINGEMENT
PERSONAL DESIGN CONCEPTS a 4. CONSTRUCTIVE TRUST
Washington Corporation; and DON 5. ACCOUNTING
BURNETT, an individual,
DEMAND FOR JURY TRIAL
Defendants.

Plaintiff SAWGRASS SYSTEMS, INC., (“SAWGRASS”) alleges as follows for its
complaint (“Complaint”):

JURISDICTION AND VENUE

1. This is a civil action of which this Court has original jurisdiction under 28
U.S.C. § 1332 (duversity of citizenship), 28 U.S. C. §§ 1331, 1338(a) (federal question -
patents), and 28 U.S. C. §1367(a) (supplemental) as alleged herein. SAWGRASS and
defendants are citizens of different states and the amount tn controversy exceeds
$75,000.00.

2, Venue is proper in this Court under 28 U.S.C. §§ 1391 and 1400 because all

of the defendants have committed within this judiciai district actionable conduct as alleged

1
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herein, and a substantial part of the events or omissions giving rise to the claim occurred
within this judicial district.
PARTIES

3. SAWGRASS is, and at all times herein mentioned was, a corporation
organized and existing under the laws of the State of South Carolina. SAWGRASS
maintains its principal place of business in Mount Pleasant, South Carolina.

4. Defendant CORPORATE COPY is and at all times herein mentioned was, a
corporation organized and existing under the laws of the State of Tennessee.
CORPORATE COPY maintains its principal place of business in Memphis, Tennessee.

5. Defendant TOM PEASE is one¢ of the individuals who controls
CORPORATE COPY. SAWGRASS 1s informed and believes and based thereon alleges
that TOM PEASE is a principal shareholder, officer and director of CORPORATE COPY,
SAWGRASS is informed and believes and on that basis alleges that TOM PEASE aided
and abetted the wrongful conduct of CORPORATE COPY as alleged herein.

6. Defendant PERSONAL DESIGN CONCEPTS is, and at all times mentioned
herein was, a corporation organized and existing under the laws of the State of
Washington. PERSONAL DESIGN CONCEPTS maintains its principal place of business
in Pierce County, Washington.

7. SAWGRASS is informed and believes and based thereon alleges that
defendant DON BURNETT is one of the individuals who controls PERSONAL DESIGN
CONCEPTS and aided and abetted the wrongful conduct of PERSONAL DESIGN
CONCEPTS as alleged herein. SAWGRASS 1s informed and believes and based thereon
alleges that DON BURNETT resides in Pierce County, Washington. SAWGRASS is
informed and believes and on that basis alleges that TOM PEASE aided and abetted the
wrongful conduct of CORPORATE COPY as alleged herein.

8. CORPORATE COPY, TOM PEASE, PERSONAL DESIGN CONCEPTS
and DON BURNETT may sometimes each be referred to herein individually as a

“Defendant” or collectively as “Defendants”.
2
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9.  SAWGRASS is informed and believes and based thereon alleges that in
doing the things hereafter alleged, Defendants, and each of them, acted as the agents,
servants, employees, representatives, and/or alter egos of the other Defendants, acting
within the course and scope of their agency, employment and/or representation, and with
the knowledge, consent and approval of the other defendants; their conduct was fully
ratified by the other Defendants, and each of them, and was performed at their express or
implied direction. As a result, each Defendant is jointly and severally hable for the
damages alleged herein.

COMMON FACTUAL ALLEGATIONS

10.  SAWGRASS is engaged in the research, development and manufacture of
inks -- known in the art as “sublimation inks” -- used to affix color graphics to various
materials. Sublimation inks are activated by the application of heat and pressure, and
exhibit an affinity to polymers and polyester, making it possible to imprint items such as
uniforms, T-shirts, caps, mugs, tiles, plaques, sporting good products and many other
surfaces with high resolution, full-color images. The image is first printed on a transfer
medium, such as a sheet of paper, from which it is transferred to the surface, or substrate,
imprinted by means of a press. The imprinted transfer medium is known in the trade as a
“sublimation transfer.”

11.  Prior to SAWGRASS’ innovations in the field, various means of printing
were employed to create sublimation transfers, such as off-set printing presses or silk-
screen. These means were not economical in many applications, especially where mass
production was undesirable. Other problems existed, including poor transferred resolution
(grainy or chalky appearance of the image on the finished product) and poor color transfer
(colors of the transferred image would not match the initial image colors). Attempts to
improve resolution by using ink jet printers failed due to problems associated with using
sublimation inks through ink jet nozzles. Thus, prior to SAWGRASS’ innovations, the
business of transferring images to textiles was commercially imited either to mass

production, poor resolution-customized transfers, or problematic printing/transfer
3
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processes.

12, In the early 1990's, SAWGRASS contributed several innovations to the state
of the art, which enable graphics to be economically imprinted and transferred with high
quality resolution, using a personal computer, color printer and heat transfer unit.
SAWGRASS principals Nathan S. Hale and Ming Xu (either individually or jointly), have
been issued sixteen {16) U.S. patents for innovations in adapting sublimation inks to the
demands of high quality transfer needs using popular full-color computer printers. All of
these patents have been assigned to SAWGRASS by the inventors, which assignments have
been duly recorded with the U.S. Patent & Trademark Office. Seven (7) of the
SAWGRASS patents are specifically directed to use of ink jet printers (hereinafter the
“SAWGRASS Patents”). Such patents teach a process which allows a color ink jet printer,
connected to a personal computer, to print a full color image on a medium for subsequent
transfer of the image to another object.

13, U.S. Patent No. 5,487,614 (hereinafter the “*614 Patent™) issued on January

30, 1996, teaches, inter-alia, a method of printing using a color thermal ink jet printer to
print sublimation dyes on a transfer medium to form a full color printed image. The heat
sensitive sublimation dyes are not activated, even though they are printed by a means of a
thermal printer. The methed yields a very high resolution image after the dyes are
activated by applying heat and pressure to the medium to transfer the image onto an object,
such as a T-shirt. A true and correct copy of the ‘614 Patent is attached hereto as Exhibit
“A”. SAWGRASS is the owner of record of the ‘614 Patent.

14.  U.S. Patent No. 5,488 907 (hereinafter the ““907 Patent™) issued on February
6, 1996, teaches, inter-alia, a process of printing a design by means of an ink jet printer
using heat activated dye solids. A liquid ink is prepared which comprises heat activated, or
sublimation, dye solids, at least one emulsifying enforcing agent for shielding the heat
activated dye solids, and at least one solvent in which the emulsifying enforcing agent is in
solution. An ink jet printer, which may be a thermal or non-thermal ink jet printer, prints

the ink formulation onto the medium, without activating the ink formulation. The process
4
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yields a very high resolution -printed image when the dyes are activated by applying heat
and pressure to the medium, and the printed image is transferred onto an object, such as a
T-shirt. A true and correct copy of the ‘907 Patent is attached hereto as Exhibit “B”.
SAWGRASS is the owner of record of the ‘907 Patent.

15.  The ‘907 Patent overcomes challenges of compatibility between sublimation
inks, which are not soluble, and ink jet printers, which utilize water as the only practical
carrier for the ink to be ejected through the very small ink jet nozzles. Because
sublimation dyes are insoluble in water, they will not function effectively in ink jet printers
without preparation as taught by the ‘907 Patent, due to clogging of the ink jet nozzle and
agglomeration of dye particles within the ink. The ‘907 Patent teaches preparation of the
sublimation dyes by finely dividing them to a maximum diameter of 0.1 microns, to
prevent clogging, and then suspending them with an emulsifying enforcing agent, to
prevent agglomeration.

16.  U.S. Patent No. 5,601,023 (hereinafter the ““023 Patent’) issued on February

11, 1997 teaches, inter alia, a method of printing heat activated dye solids, including

sublimation dyes, by preparing and printing a liquid ink. The liquid ink comprises a heat
activated dye, a liquid carrier and an emulsifying enforcing agent which has an affinity for
the sublimation dye, and shields the heat activated dye both prior to, and during, printing
by the printer. Printing is performed by a printer, such as a piezo electric printer. The dye
15 not activated during the printing process, but 1s activated by the application of heat and
pressure during the process of transferring the image from the medium to the object on
which the image is to appear. The process yields a very high resolution image. A true and
correct copy of the ‘023 Patent 1s attached hereto as Exhibit “C”. SAWGRASS is the
owner of record of the ‘023 Patent.

17.  U.S. Patent No. 5,640,180 (hereinafter the “‘180 Patent™) issued on June 17,
1997 teaches, inter alia, a method of printing using a liquid ink comprised of heat activated
dyes, such as sublimation dyes, which are present in a liquid carrier. A sulfonated lignin

disperses the heat activated dye into the liquid carrier. The sulfonated lignin acts as the
5
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emulsifying agent of the ‘023 Patent, and does not materially increase the amount of heat
or time which is required to effect the transfer during the transfer step. A true and correct
copy of the ‘180 Patent is attached hereto as Exhibit “D”. SAWGRASS is the owner of
record of the ‘180 Patent.

18, U.S. Patent No. 5,642, 141 (hereinafter the “*141 Patent™) issued on June 24,
1997, teaches, inter-alia, a method of printing which is similar to the ‘180 Patent, in that
the method involves the printing of a liquid ink formulation for use in a printer which
comprises a heat activated dye, including sublimation dye, a liquid carrier, and at least one
agent which disperses the heat activated dye. The dye activates an activation energy of not
more than 400°F applied for not more than 210 seconds, When the invention is activated
upon transfer, it yields an optical density of 1.0 or greater when measured. This method
produces a very high resolution image when the dyes are activated by applying heat and
pressure to the medium after printing. A true and correct copy of the ‘141 Patent 15
attached hereto as Exhibit “E”. SAWGRASS is the owner of record of the ‘141 Patent.

19.  U.S. Patent No. 5,734,396 (hereinafter the “396 Patent™) issued on March

31, 1998, teaches, inter alia, a method of printing heat activated dye solids, including

sublimation dye solids, by combining the dye solids with a liquid carrier and an
emulsifying enforcing agent, which is soluble in the liquid carrier, and which has an
affinity for the dye and protects the dye. The liquid ink is printed by computer-driven
printer onto the medium. The process produces an image having very high resolution
when the dyes are activated by applying heat and pressure to the medium. A true and
correct copy of the ‘396 Patent 1s attached hereto as Exhibit “F’. SAWGRASS is the
owner of record of the ‘396 Patent,

20.  Patent No. 5,830,263 (hereinafter the ““263 Patent”) issued on November 3,
1998, teaches, inter alia, a means of suspending the sublimation dyes within a formulation
which is compatible with ink jet printers. A true and correct copy of the 263 Patent is
attached hereto as Exhibit “G”. SAWGRASS is the owner of record of the 263 Patent.

21, Since at least early 1999 and continuing, Defendants CORPORATE COPY
6
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and TOM PEASE (hereinafter “THE CORPORATE COPY Defendants”) have sold and
continue to sell liquid sublimation inks which infringe the Sawgrass Patents.

22, Sawgrass informed CORPORATE COPY that its sale of the inks infringes
the Sawgrass patents in three separate letters dated February 2™ and Aprit 30®, 1999 and
January 27%, 2000, In addition, these letters informed TOM PEASE that his actions
rendered him personally liable for patent infringement.

23.  Sublimation inks are commerciaily used in ink jet printers only to practice
the methods patented in the Sawgrass Patents, and not for any other purpose.

24,  SAWGRASS is informed and believes and based thereon alleges that THE
CORPORATE COPY Defendants are marketing their liquid sublimation inks under the
trade name SUBLIBRITE, with explicit instructions as to how purchasers can practice
SAWGRASS’ patented processes. SAWGRASS is further informed and believes and
based thereon alleges that THE CORPORATE COPY Defendants encourage their
customers to infringe the Sawgrass Patents described herein.

25.  Defendants PERSONAL DESIGN CONCEPTS and DON BURNETT
(hereinafter “The PERSONAL DESIGN CONCEPTS Defendants”) use a large amount of
sublimation ink in their business. The majority of this use occurs during the winter holiday
season. For the past several years, The PERSONAL DESIGN CONCEPTS Defendants
have purchased the sublimation ink used during the winter holiday season from one of
Sawgrass’ distributors in or about the month of October. Typically, The PERSONAL
DESIGN CONCEPTS Defendants purchase approximately $10,000 worth of sublimation
ink ini or about the month of October.

26.  During October 1999, SAWGRASS was informed that The PERSONAL
DESIGN CONCEPTS Defendants had not placed their customary order for sublimation
inks with Sawgrass’ distributor. Nathan Hale, a principal of SAWGRASS, spoke with
DON BURNETT. Mr. Hale learned that The PERSONAL DESIGN CONCEPTS
Defendants were planning to purchase their required sublimation mk from a company

located in San Diego, California called Sublimation Resources, Inc. (“Sublimation
7
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Resources™). Sublimation Resources is a defendant in a separate patent infringement
lawsuit currently pending in this judicial district which alleges, inter alia, that Sublimation
Resources infringed and continues to infringe the Sawgrass Patents.

27.  Mr, Hale had several subsequent conversations with DON BURNETT.
During these conversations, Mr, Hale informed The PERSONAL DESIGN CONCEPTS
Defendants that they would be infringing patent rights held by SAWGRASS if they
purchased sublimation inks from Sublimation Resources and used such inks.

28.  Despite this information, SAWGRASS is informed and believes, and based
thereon alleges that The PERSONAL DESIGN CONCEPTS Defendants purchased
sublimation inks from Sublimation Resources and used the inks it purchased.

29.  SAWGRASS has been, is being, and will continue to be, damaged by the
conduct of Defendants, and each of them. SAWGRASS’ harm resulting from Defendants’
conduct is irreparable and cannot be remedied in its entirety by the recovery of money
damages and SAWGRASS has no adequate remedy at law.

30.  All causes of action in this Complaint are pleaded in the alternative.

FIRST CAUSE OF ACTION
PATENT INFRINGEMENT
(Against All Defendants)

31.  SAWGRASS realleges and mcorporates herein paragraphs 1 through 30 of
this Complaint.

32,  Defendants, and each of them, have infringed and continue to infringe the
claims of the Sawgrass Patents described herein by making, using, selling, offering to sell,
and/or distributing products including but not limited to liquid sublimation inks which
nfringe said patents,

33.  Such acts of infringement are occurring, have occurred in the past, and will
continue to occur, without the authority or license of SAWGRASS unless this Court
permanently enjoins the infringing conduct of Defendants, and each of them.

34, SAWGRASS has been, is being, and will continue to be, damaged by the
8
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infringing conduct of Defendants, and each of them in an amount to be established
according to proof at trial.

35.  SAWGRASS is informed and believes and based thereon alleges that
Defendants, and each of them, have willfully and deliberately conducted the infringing
activities described herein, thereby warranting the assessment of enhanced damages
pursuant to 35 U.S.C. § 284,

SECOND CAUSE OF ACTION
INDUCING PATENT INFRINGEMENT
(Against THE CORPORATE COPY Defendants)
36.  SAWGRASS realleges and incorporates herein paragraphs 1 through 35 of

this Complaint, as though set forth in full.

37. THE CORPORATE COPY Defendants have actively encouraged and
instructed persons and entities to purchase products (including but not limited to liquid
sublimation inks} in order that said persons or entities may practice SAWGRASS’ process
taught by the claims of the Sawgrass Patents,

38. THE CORPORATE COPY Defendants have engaged in such conduct with
knowledge that the inks will be utilized by said consumers to practice SAWGRASS’
patented process without authorization or license from SAWGRASS.

39.  Asalleged herein, THE CORPORATE COPY Defendants are liable for
inducing patent infringement under 35 U.S.C. § 271(b).

40.  The acts of infringement alleged herein are occurring, have occurred in the
past, and will continue to occur, without the authority or license of SAWGRASS unless
this Court permanently enjoins the infringing conduct of THE CORPORATE COPY
Defendants, and each of them.

41. SAWGRASS has been, is being, and will continue to be, damaged by the
infringing conduct of THE CORPORATE COPY Defendants in an amount to be
established according to proof at trial.

42, SAWGRASS 1s informed and believes and based thereon alleges that THE
9
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CORPORATE COPY Defendants have willfully and deliberately conducted the infringing
activities described herein, thereby warranting the assessment of enhanced damages
pursuant to 35 U.S.C. § 284.
THIRD CAUSE OF ACTION
CONTRIBUTORY PATENT INFRINGEMENT
(Against THE CORPORATE COPY Defendants)
43, SAWGRASS realleges and incorporates herein Paragraphs 1 through 42 of

this Complaint as though fully set forth in full.

44,  THE CORPORATE COPY Defendants have sold, and continue to selil,
liquid sublimation inks which are components required to practice SAWGRASS’ methods
as taught by the Sawgrass Patents.

45.  Such components constitute material parts of SAWGRASS’ inventions, and
THE CORPORATE COPY Defendants knew, or should have known, that they were
especially made, formulated and adapted for use in an infringement of SAWGRASS’
patented method and were not a staple article or commodity of commerce suitable for
substantial noninfringing use.

46.  As alleged herein, THE CORPORATE COPY Defendants are liable as
contributory infringers under 35 U.S.C. § 271(c). Such acts of infringement are occurring,
have occurred in the past, and will continue to occur, without the authority or license of
SAWGRASS unless this Court permanently enjoins the infringing conduct of THE
CORPORATE COPY Defendants.

47. SAWGRASS has been, is being, and will continue to be, damaged by the
infringing conduct of THE CORPORATE COPY Defendants in an amount to be
established according to proof at trial.

48. SAWGRASS is informed and believes and thereon alleges that THE
CORPORATE COPY Defendants have willfully and deliberately conducted the infringing
activities described herein, thereby warranting the assessment of enhanced damages

pursuant to 35 U.S.C. § 284,
10
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FOURTH CAUSE OF ACTION
CONSTRUCTIVE TRUST
(Against All Defendants)
49. SAWGRASS realleges and incorporates herein paragraphs 1 through 48 of

this Complaint as set forth in full.

50.  Continuing for an unknown time, THE CORPORATE COPY Defendants
have been wrongfully infringing upon the Sawgrass Patents and have been profiting
therefrom. Such profits rightfully belong to SAWGRASS.

51.  Continuing from about October 1999, the PERSONAL DESIGN
CONCEPTS Defendants have been infringing upon the Sawgrass Patents and have been
profiting therefrom. Such profits rightfully belong to SAWGRASS.

52.  Unless an involuntary trust is imposed by the court upon the proceeds from
this wrongful conduct, as alleged herein, said revenue is in danger of being lost, removed,
or materially destroyed, or encumbered by Defendants, and each of them.

FIFTH CAUSE OF ACTION
ACCOUNTING
(Against All Defendants)

53.  SAWGRASS realleges and incorporates herein Paragraphs 1 through 52 of

this Complaint as though set forth in full.

54.  The exact nature and extent of the financial advantage gained by Defendants,
and cach of them, as a consequence of the wrongful conduct alleged is so complicated and
subject to deception that an ordinary legal action demanding a fixed sum is impracticable
and the exact measure of SAWGRASS’ damages cannot be determined without an
accounting,

55.  SAWGRASS has demanded that Defendants, and each of them, account for
the revenue attributable to the sale of the liquid sublimation inks being sold and/or

distributed by Defendants, and each of them. Defendants, and each of them have failed

and refused, and continue to fail and refuse, to render such an accounting.
11
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WHEREFORE, SAWGRASS prays for judgment against Defendants, and each of
them, as follows:

AS to the First, Second and Third Causes of Action:

1. That, pursuant to 35 U.S.C. § 283, an injunction be issued preliminarily and
permanently enjoining Defendants, and each of them, their principals, officers, directors,
agents, servants, employees and all those persons in active concert or participation with
Defendants from further infringement, inducing infringement and/or contributory
infringement;

2. That, pursuant to 35 U.S.C. § 284, judgment be entered against Defendants,
and each of them, for damages for infringement, in an amount to be proven at trial,
including treble damages and attorneys’ fees because of the willful nature of such
infringement,

As to the Fourth Cause of Action:

3. For the imposition of an involuntary trust and/or equitable lien upon all
proceeds earned by Defendants, and each of them, as a consequence of their tortious
conduct;

As to the Fifth Cause of Action:

4, That an accounting of the financial dealings of Defendants, and each of
them, arising from the tortious conduct alleged herein be conducted and that SAWGRASS
have judgment against Defendants, and each of them, for such sums as may be found due
and owing to SAWGRASS under such accounting;
11d
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As to All Causes of Action:

5. For attorneys’ fees and costs as provided by law;
6. For pre-judgment interest; and

7. For such other and further relief as the Court may deem proper.

Dated: February 24, 2000

13
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DEMAND FOR JURY TRIAL -

Plaintiff, Sawgrass Systems, Inc., hereby demands a trial by jury.

Dated: February 24, 2000

BARNHORST SCHREINER & GOONAN

14
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METHOD OF PRINTING A MULTIPLE
COLOR IMAGE USING HEAT SENSITIVE
INKS

This is a continvation of application Ser. No. 08/195,851
filed Feb. 10, 1994, now U.S. Pat. No. 5,431,501, which is
a continuation in part of application Ser. No. 07/724,610
filed Jul. 2, 1991, now U.S. Pat. No. 5,302, which is a
continuation in pant of application Ser. No. 07/549,600, filed
Jul. 9, 1990, pow abandoned.

FIELD OF THE INVENTION

This invention relates to printing generally and is mare
specifically directed to 2 method of thermally printing heat
activated ink and thermally printing a surface preparation
waterial onto paper or other printable material as a mediutn,
and subsequently heat activating the ink and surface prepa-
ration material, thereby transferring the design formed by
the ink from the mediym 10 a substrate on which the design
is to permanently appear,

BACKGROUND OF THE INVENTION

Words and designs are frequently printed onto clothing
and other textile materials, and other objects. Common
means of applying such designs 1o objects include the use of
silk screens, and mechanically bonded thermal transfers.
Silk screen process is well known in the art, and a mechani-
cal thermal process 1o textile materials is described in Hare,
U.S. Pat. No. 4,244,358

The use of computer technology allows a virmally instan-
taneous printing of images. For example, video cameras or
scanning may be used to capture an image to a computer.
The image may then be printed by any suitable printing
means, including mechanical thermal printers, wet printed
(inkjet) heat sensitive transfers and laser printers. These
printers will print in multiple colors.

The process of thermal transfers by mechanical means is
described in Hare, U.5. Pat, No. 4,773,953, The resulting
meghanical image, as transferred, is 2 surface bonded image
with a raised plastic like fee! to the touch. The resulting
printed image is stiff to the feel, has poor dimensional
stability when stretched and poor color range.

Heat activated transfer ink solids change 1o a gas at about
400° F, and have a high affinity for polycster at the
activation temperature and a Hmited affinity for most other
materials. Ouce the gassification bonding takes place, the
ink is permanently printed and highly resistant to change or
fading caused by laundry products.

Images produced by heat activated inks, such as subli-
mation inks, which are transferred onto textile materials
having a cotton compoment do not yield the high quality
image experienced when images formed by such inks are
printed onto a polyester substrate. Images which are printed
using sublimation inks applied by heat and pressure onto
substrates of cotton or cofton and polyester blends yield
relatively poor results. The natural tendency of the cotton
fiber to absorb the ink causes the image to lose its resolution
and become distorted.

To improve the quality of images transferred onto sub-
strates having a cotton component, such substrates are
surface coated with materials, such as the polymeric coating
described in DeVries et al, U.S. PaL No. 4,021,591, Appli-
cation of the surface coating to the substrate allows the
surface coating material to bond the ink layer to the sub-
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Strate, reducing the absorbency of the ink by the cotion and
improving the image quality.

In the prior art, coverage of the surface coating material
has not been matched to the image. The, surface coating
material is applied to the substrate over the general area o
which the image layer formed by the inks is to be applied,
such as by spraying the material or applying the material
with heat and pressure from manufactured transfer sheets,
which are usually rectangular in shape. The area coated with
the surface coating material is therefore larger than the area
covered by the ink layer, The surface coating may be scen
extending from the margins of the image. The excess surface
coating reduces the aesthetic quality of the printed image oo
the substrate. Further, the surface coaling tends o tum
yellow with age, which is undesirable on white and other
light colored substrates.

Hale, U.S. Pat. No. 5,246,518 and 5,248,363 disclose the
use of thermal printers to produce an image on a medium or
transfer sheet wherein the image is comprised of sublimation
or other heat activated inks. The method described in Hale
does not activate the ink during the printing of the medium
or transfer sheet.

Color ink formulations for color ink jet printers compris-
ing sublimation pigment solids mixed with water were sold
briefiy in 1989, The ink formulations were not stable, since
the solid pigments settfed from the water carrier, and
clogged the jets of ink jet printers.

SUMMARY OF THE PRESENT INVENTION

The present invention uses a heat activated ink solids. The
ink solids are transferred in the desired design by means of
a printer onto a medium, which will most commoanly be
paper. The printer incorporates a thermal process, but oper-
ales at a temperature which is below the temperature which
will activate the ink solids. Heat activation of the ink solids
does not take place at the time of printing of the image by
the printer from the ribbon to the medium, but rather takes
place at the time of the transfer of lhe image from the
medium to the substrate on which the image is permanently
applied.

Sufficient temperature is applied to the medium and the
substrate to transfer the image from the medium to the
substrate, The heat activates, or sublimates, the ink solids
during this transfer from the medium to the subswrate. The
image is then pernmanently bonded to the substrate.

The ribbon used with thermal color printers in this process
bas alternate color panels of cyan, yellow and magenta,
respectively. The heat activaied ink solids ag used do not
bave an affinity for highly absorbent fibers such as cotton.
The present fnvention introduces 2 ribbon panel having a
polymeric coating thereon, which acts as a susface coating
for the cotton component of the substrate.

After the printer makes its third pass to print the image in
the desired colors oato the medium, the printer then prints
the surface preparation material from the ribbon. The surface
preparation material is printed aver the entire image, but
does oot exceed the boundaries of the image. The image is
then transferred from the medium 10 the substrate by the
application of heat and pressure, with the surface preparation
materiat permanently bording the ink solids to the substrate.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the printing process.
FIG. 2 illustrates an examgle of a design printed by a
printer using the printing process.
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FIG. 3 is a diagrammatic ifustration showing exemplary
elements of computer and printing systems which could be
used 10 achieve the printing process.

FIG. 4 is a section of a ribbon used with a color thermal
printer demonstrating the three color panels of yellow,
msagenta and cyan respectively, and a fourth panel having
surface preparstion material thereon, in a repeating pattern.

FIG. 5 demonstrates a ribbon on a roll as the ribbon is
transported in a thermal printer.

FIG. 6 shows & section of the ribbon as it comes in ¢contact
with the print head of the thermal printer.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the preferred embodiment, a video camera or scanning
device 2 is used 10 capture an image 3. This image is then
input into a computer 4. The computer directs a printer 6 to
print the image. Any means of inputting an image into a
computer may be used, including images generated by
software. Available computer design graphic software may
be used, or still photagraphy may be used. The design may
be photographic, graphic artistic, or simply letters or words.
Virually any printer which will print in response to a
computer may be used, including impact, laser or thermal
printers. In most applications, a printer which will print in
multiple colors i3 desirable. A thermal printer which will
print in what is known as “four pass” (four color) or “three
pass” (three color) may be most commonly used, but laser
printers having the same multiple color capability are avail-
able, The ribbon 20 is taken from a roll 21 past 2 platen 22
and print head 24 on to a take up roll 26. FIGS. 4 and 5. The
use of cyan, yellow and magenta panels an the ribbon allow
the printer to print in full color or multi-color designs.

In the present invention, hcat activated ink solids are used,
and are transferred to a medium by the printer without
activating the ink solids. In the preferred embodiment, the
heat activated transfer ink solids are transferred onto the
medium by the printer from a ribbon.

The ribbon substrate as used with the printer may be a
plastic or a polyester ribbon. The dry release, heat activated
ink solid may be retained on the ribbon by the use of a heat
sensitive material which will release the ink upon the
application of heat to the ribbon. The printer, such as a
thermal transfer printer, will transfer the ink in the desired
design and colors from the ribbon to the medivm at a
temperature of approximaiely 140° F. This temperature is
sufficient to release the heat sensitive material to allow
transfer of the ink solids to the medium, without activating
the ink solids. The wax aids in holding the heat activated ink
solids on the medium in the precise design, climinating the
need for specially coated paper, while also producing an
image which has high resolution.

While in the preferred embodiment the binder and heat
sensitive material are applicd with the ink solids from a
ribbon, other means of applying the ink solids with a binder
could be used. Since a wax in liquid form tends to have an
affinity for paper, the wax will readily bond with the paper
medium, holding the ink solids to the medium, unti! the ink
solids are released by the application of heat which is
sufficient to heat activated transfer the ink solids. Virtually
any material may be used as z medium which can be printed
upon by 2 printer, and which will withstand the heat acti-
valed transfer temperature of 400° F., as is described herein,
If a thermal printer is uged, this medium may be any paper
commonly used with thermal printers, however, standard
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bond paper may be used, or even a sheet of metal, if the
metal can be handled by the printer.

A surface preparation material may be applied by the
priter to the medjumn. If a multiple pass thermal printer is
used, one panel of the ribbon used with the printer has the
surface preparation material thereon.

Color thermal printers print from a ribbon having muliple
panels of ink bound to the ribbon. Typically, the panels have
recurring sequences of cyan, yellow and magenta ink, from
which multiple color or full color images may be produced.
An embodiment of the present invention provides an addi-
tional panel having a surface preparation material thereon,
which is bound to the ribhon.

The surface preparation material may be a polymeric
material which is bound to the ribbon by a wax with the heat
sensitive material binder which is released by the heat from
the printer. The panel having the surface prepamtion mate-
rial thereon is introduced into the sequence of pancis, so that
the sequence includes recurring panels of c¢yan, yellow,
magenta, and surface preparation material,

In use, the thermal printer makes four passes to print the
image from the ribbon to the medium. The color image is
printed in the desired form and image by means of the three
color panels present on the ribbon. The surface preparation
material is then printed as the last pass, so that the surface
preparation material is applied over the inks as they form the
image on the medium.

The surface preparation material is printed only over the
inks, but is printed completely over the ink solids. It is
desired to have the surface preparation material preseat on
all surfaces of the substrate to which the inks are applied, but
an excess of the material on the edges or fringes is not
desirable. A problem which the present invention solves is
that the gross application of the surface preparation results
in yellowing of the fabric, which increases as the fabric is
laundered By applying the surface preparation material only
where the ink is applied to the substrate, the surface prepa-
ration material is covered by the ink, and no yellowing or
discoloration of the substrate by the surface preparation
material occurs, and no change in hand or feel of the fabric
occurs where the image is not present. The use of the
computer controlied printer causes the surface preparation to
be completely printed over the image on the medium for
complete bonding of the inks, but does not allow the surface
preparation material to be applied beyond the edges or
margins of the images, excepting for reasonable tolerances.

Once the image and the surface preparation material are
printed onto the medium, the image may be permanently
transferred onto the substrate presently, or at a later time.
Mast commonly, the design will be transferred onto a textile
substrate, such as a shirt 8, although the image may be
transferred onto other materials, such as metal, ceramic,
wood, or plastic. The design 3, which is printed onto the
medium 9 without activating the ink, is placed against the
object 8. A temperature which is sufficient to activate the ink
solids is then applied. This temperature will typically be
around 400° F. This temperature i3 applied for a time
sufficient to heat activate and transfer the ink salids. A heat
transfer machine 10 may be used to accomplish the transfer
of the inks from the medium to the substrate. Activation, or
sublimation, does not take place at the time of printing the
image onto the medium, even though heat may be used to
accomplish the printing of the image onto the medium, but
occurs during the transfer from the medium to the substrate.

The heat activated ink solid will bond to a synthetic
material such as polyester, when sufficient heat i3 applied for
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a sufficient time. Accordingly, if the object to which the
design is to be applied is a textile material and has a
sufficient polyester composition, no surface coating is
required, although it may be applied.

Printers other than thermal printers could be used. It is
preferred that the surface preparation material be applied
antecedent to the printing of the inks to the medium,
however, application of the surface preparation material
should occur during the printing of the medium. For
example, if multiple color ink jet printing ie performed by
applying cyan, yellow end magenta inks as instructed by the
computer, the surface preparation material should then be
applied by the printer over the inks 50 as i cover the inks
by the printer.

It is possible to achieve adequate results by mixing or
incorporating the surface preparation material into the ink
formulation, along with the ink, binder and other compo-
nents. For exarnple, one or more of the panels of the ribbon
of the multiple pass thermal printer could incorporate a
polymeric surface preparation material which is printed onto
the medium with the ink and the binder.

The surface preparation material is applied to the medium
by the printer without activating the surface preparation
material, The paper which comprises the medium my have
a cotton content or other ahsorbent material content, and it
is not desired for the surface preparation material to treat the
medium, The invention takes advantage of the relatively low
beat ranges employed by printers which use heat as part of
the printing process. The surface preparation material is not
activated by the printer in printing the medium, but is
activated by the higher heat used to transfer the inks to the
substrate,

The ribbon could be comprised of heat sensitive dye, heat
sensitive material, binder material and other additives. A

general forrulation is shown as:
Material Weight %
Sublittation Dye 5-30
Heat Sensitive Material 30-10
Binder 0-30
Additives 0-30

The sublimation dye could have a sublimation tempera-
ture or activation temperature of 120° 10 300° C. Examples
of such dyes are: C.I. Disperse 3 (cyan), C.I. Disperse 14
(cyan), C.L Disperse Yeliow 54 (Yellow), C.I. Disperse Red
60 (Red), Solvent Red 155 (Diaresin Red K, red), eic. The
commercial sources of such dyes including Keystone
Aniline’s  Soblapriot® seres, BASF Corporation's
Bafixan® Transfer Printing dyes series, Eastman Chemical’s
Eastman® disperse series and Cromptont & Knowles Cor-
poration's Intratherm® disperse dyes series. The beau sen-
sitive material could be wax or water-like polymer materials
with melting temperature between 50°-120° C. Examples of
such materials are hydrocarbon wax, montan wax, ester wax,
camauba wax, polyethylene wax, high-fatty acid monoglyc-
eride, eic. Commercial sources of such materials include
Moore and Munger Marketing's fully-refined paraffin wax
series, Petrolitc Chemical’s Polywax® series, etc. The
binder materials could be selected from resin polymer
materials having relatively low melting points (<150° C.)
and low molecular weights (<500,000). Such materials
should have glass transition temperatures higher than 0° C.
and low affinity to sublimation dyes of the type used herein.
The additives serve to prove dispersion, coating aid, mar,
gloss, or other fearures of the image or the printing and
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transfer process. Surfactant materials such as Dow Comn-
m Additives, or BYK Chemi¢’s DisperBYK® could be

The ribbon substrate is coated with the formulation by
means of direct gravure or other similar coating tecimology.
The substrate may be heat-resistant plastic film (e.g., PET
mylar, nylon, cellulose, polyamide, etc.) of 4-20 micron
thickness or paper of 10-50 microns thickness.. Coating
mey be accomplished by using either splvent coating, or
hot-melted, or emulsion form with a resulting dry coating
thickness of 2-10 microns. The dry coating on the substrate
should have a desired melting temperature as determined by
the printer application to achieve proper release of the dry
coating during thermal printing.

Formulation Example 1

Maaitl Weight %
Sublaprint 70069 10
Paraffin Wax R-164% 22
Polywax 500° 4
Piccolastie A70* 32
Ultrathene @ UE 649.04° 075
Dow Corming ® 7 Additive® 0.05
Tolucne 10
Heptane 50
TOTAL 100%

1. Keystone Aniline, USA; 2. Moore & Munger Marketing, Inc.; 3. Peolite
Chemical, Inc.; 4. Hercules, Inc.; 5. Quanturn Chemicals, Inc: 8. Dow
Coming Corporation

The formulation of Example 1 may be coated by reverse
gravure coating onto 4.5 micron Mylar {DuPent Corpora-
tion) at a temperature of 60°-80° C. to achieve a dry
thickness of 3 microns,

Formulation Example 2

Material Weight %
Bafixan ® Red BF' 10
ChemCoc @ Emulsion 101357 30
Michem ®Lube 160° 2
Mocryl ® 132 10
Lucideoe ® 395° 5
Dapre ® DF 880° 0.l
Arecsolv ® PTH’ 49
Distilled Water s
TOTAL 100%

1. BASF Corporation; 2. Chamical Corporation of America; 3. Michelman
Inc.; 4, 5. Monen International; 6. Daniel Products Company, 7. ARCO
Chemical

Formulation 2 may be coated after agitation and disper-
sion by mechanical means by reverse gravure coating onto
4.5 micron Mylar (DuPont Corporation) at room tempera-
tre resulting in a dry thickness of 3 microns.

‘The surface preparation material is coated in sequence on
a panel of the ribbon. In the preferred embodiment, there are
sequential panels of cyan, yellow and magenta, with a fourth
pane| coaled with a surface preparation material. FIG. 4
demonstrates the sequence of the color panels on the-ribban
20, with Y, M, C, representing yellow, magenta and ¢yan
panels, respectively, and S represeating the surface prepe-
ration material panel of the ribbon. The surface preparation
material is preferred to be a polymer resin {(polymer, copoly-
mer and terpolymer) containing polyester, polyvinyl acetate
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and/or polyurethane, etc. with a relatively low melting
temperature (<200° C.). Suchk materials possess the molecu-
lar function group of

&)
Il
~Q—~C=R~—

and achieve satisfactory results as receptor sites for subli-
mation dyes at the sublimation temperature of the dyes, and
possess an hydroxy! function group which bonds with cotton
fabric. In order to have satisfactory bonding with the cotton
fabric at the fabric swelling stage during thermal process and
adequate flexibility of the final product, the surface prepa-
ration material should have a glass transition temperature
lower than 100° C. Furthermore, to have a “non-sticky™
hand or feel of the coated substrate, and fastness of the dye
onto the subsirate, the polymer resins should have a glass
transition temperature which is above -50° C., and prefer-
ably above ~20° C. The surface preparation materials can be
selected from a group comprising poly(methyl methacry-
late), poly(viny! acetate), polyether polyurcthane, poly(ethyl
methacrylate), poly(methyl acrylate), poly{ethyl acrylate),
poly(isobutyl acrylate), poly(isobuty! methacrylate}, poly-
(butyl aecrylate), poly(butyl methacrylate), poly(benzyl
methacrylate), poly(2-ethylhexyl acrylate), poly(2-ethyl-
hexyl methacrylate), poly(hexyl methacrylate), poly(buty-
lene terephthalate), poly(viny! butyral), poly (viny! stcarate),
poly(octadecy! methacrylate), etc. and the copolymer or
terpolymer with other polymer materials with low melting
point, low glass transition point poly(vinyl ethyl ether),
poly(vinyl chlotide), poly(vinylidene fluoride), poly(vinyl
methyl ether), etc. Generally, such surfacs; preparation poly-
mers have molecular weights of less than 500,000, and can
be coated onto a ribbon in a hot melt, solvent or water-
reducible emulsion.

An antioxidant can be added into the polymer component,
in order to prevent oxidation of the polymer at elevated
temperatures. Without such antioxidant, most polyestcts and
polyvinyl acetates will tum yellow due to the chemical
oxidation process with the oxygen in the air. Approximately
0.1%-5% (by weight) of antioxidant can be added to the
formulation during the ribbon manufacturing stage.
Examples of such antioxidant materialy include Raschig
Corporation’s Ralox® Antioxidants, Eastman Chemical’s
Aquastab® Antioxidants and Ethy! Corporation’s Ethanox®
Antioxidants, etc,

Printers usiog methods other than the method employed
by multiple pass therma! printers as described above may be
used. Color inks or toners are printed onto a medium, which
may be paper, without activating or sublimating the ink or
dye. The surface preparation material is printed aver the ink
layer. Upon subsequent transfer of the ink layer to the
substrate, the surface preparation material will have direct
contact with the substrate. As above, activation of the resing
of the polymeric surface prepazation material occurs during
the higher teruperature procass of transferring the inks from
the medium to the substrate. Cross linking and bonding of
the surface preparation material to the substrale occurs
during this sublimation transfer stage.

The method may be used with ink-jut, bubble jet and
phase change ink-jet printing. With these printers, the prepa-
ration material is applied in the same manner as the iok
material. If three colors are used in the printer, a fourth
reservoir and fourth printing nozzle i3 provided in addition
1o the reservairy and nozzles provided for the cyan, yellow,
and magenta inks. Viscosity and stability of viscosity, foam-
ing, heat sensitivity, printing filter porosity, and other vari-
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ables are controlled to ensure proper delivery of the prepa-
ration material, in the same manner as the color inks.

Ink used in ink-jet and bubble-jet printing may comprise
monomer or polymer materials in either solvent or ermulsion
forrm, an initiator or catalyst (which may be compounded
into the inks so as to provide separation from the polymer),
& conusion {nhibitor, a flow control aid, a visvosity stabili-
zation aid, an evaporation control agent, an anti-foaming
chemical, a fusing control agent, fungicities, and anti-oxi-
dants. Formulation Example 3 is an example of an ink
comtpasition comprising heat activated inks and a polymeric
surface preparation which may be used with ink jet printers.

Phase change ink jet printers use a solid ink which may be
in stick form. This “Iink stick” comprises heat sensitive inks,
wax material, polymer binder and additives such as those
used in the ink jet formulation above g control, melting,
flow, corrosion and other variables, The ink is changed from
solid to liguid by melting the ink stick in a controlled fashion
to apply the inks and achieve printing. The inks may be
applied in three or more colors, such as cyan, yellow and
magenta to achieve multi-color or full cojor printing. A solid
stick comprising a polymeric surface preparation is pro-
vided. Wax material, a polymer binder and additives may be
included. The surface preparation material is applied from
this solid stick over the image printed by the printer onto the
medium, for the reasons described above, Alternatively, the
surface preparation material could be combined with one or
more of the ink sticks containing the inks or dyes, with the
surface preparation material applied w0 the medium along
with the ink or dye as the medinm is printed. As described
above, it is desirable for the surface preperation material to
be applied as or from 2 top layer of the dye layer of the
medium so that the surface preparation material contacts the
surface of the substrate as the image is applied to the
substrate,

Formulation Example 3

Maygrial Weight %
Sequabond ® 3)10AF! 25
Sequaband @ 3300 10
Lacidenc ® 6452 10
Plyamul40305-00° 10
MA-SUL ® comrosion inhititor* 0.25
Naleo ® 2309° 075
Pentex & 99% 0.05
Karthon & PFM’ 0.01
DynaGzl ® (100 bloom)* 030
DPG 400
Distilled Water 40,14
TOTAL 100%

1. Sequa Chemicals, inc; 2 Marton b I 7. Reichhold Chermical

Ing; 4. King Industries; 5. Nalco Chemical Company, Speciaity Chemicals: 6.
Rhooe- Poulenc, Specialty Chemicals Division: 7. Roton and Hias Compatry;
8. Dynagel lac.

The method may be used with laser printers and color
copier machines. The preparalion material is compounded
with magnetic sentitive muterial of very fine particle size.
The initiating temperature of bonding of the polymeric
surface preparation material is adjusted so that it is higher
than the fuser temperature used in the laser printer and cotor
copier (i.e., less than 400 degrees F) so that the surface
preparation material docs not cause significant boading to
the medium.

The application of inks to absorbent materials such a3
cotton fiber substrates may be successfully achieved by
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grafting. By definiticn, grafting is the permanent attachment
and “‘growth” of a new material onto an existing substrate,

Chemical grafting involves attachment and polymeriza-
tion of monomers to a substrate to modify or improve the
properties of the substrate without any damage of the
substrate itself, By using different type of monomers and
initiators, chemical grafting provides 8 purely chemical
method of activating bonding sites oo a substrate and the
compounding and crosslinking of a monomer/polymer with
the structure of the substrate under different conditions, such
8s certain temperature, curing method and catalyst systems.

Grafting has advantages over conventional fabric modi-
fication methods such as chemical coating. Chemical graft-
ing is suitable for cotton, nylon, silk, jute, polypropylene,
polyester and other fibers 10 achieve end use purposes,
including increasing fabric dying ability. The permanent
attachment and extremely thin layer produced by grafiing
onto substrates gensrates new applications for certain fibers.
For example, polyether palyurethanes can be used to
improve the dying ability of cotton fibers through chemical
grafting in combination with the use of modified polyeih-
ylene glycols. Grafted marerials have been proven to pos-
sesses much higher resiliency and dying color strength than
the fabric itself.

Depending upon the particular substrate and end use of
the substrate, chemical grafting can be performed using
different grafting materials (i.e. monomer/polymer materi-
als, catalyst, curing method, ¢tc.) such as polyurethane, urea
formaldehyde, polyester, polyether, polyvinyl acetate, poly-
acrylic acetate, and can be accomplished by using UV-
curing, catalyst curing or/and thermal curing methoeds,

What is claimed is:

1. A method of printing a multiple color image using heat
sensitive inks printed by a color thermal ink jet printer,
comprising the steps of:

a. creating a multiple color image;

b. providing a color thermal ink jet printer;

¢. printing, by thermal means apd by multiple color
process, heat sensitive inks in at least three colors 10
form said multiple color image on a medium by means
of said inks, wherein the printing by thermal means is
alL a emperapure which is below the temperature at
which said heat sensitive inks activate, and wherein the
thermal means is said color thermal ink jet printer; and

d. transferring said heat sensitve inks from said medium
1o an object on which the image is to appear by
applying heat to said medium at a temperature which is
above the temperature at which said heat sensitive inks
activate, so as to cause sufficient of said heat sensitive
inks to activate and bond to said object to form the
tmultiple color image on said object.

2. A method of printing a multiple color image using heat
sensitive inks printed by a color thermal ink jet printer,
comprising the steps of:

a. providing a computer driven color thermal ink jet

printer;

b. printing, by thermal mecans, heat sensitive inks of a first
color ooto a medium, wherein said printing by thermal
means gocurg at a lemperature which is below the
lemperature at which said heat sepsitive inks activate,
and wherein said thermal means is said color thermal
ink jet printer;
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¢. printing, by thermal means, heat sensitive inks of a
second color onto a medium, wherein at least a portion
of said heat sensitive inks of said sccond color cover at
least a portion of said heat sensitive inks of said first
color on seid medium, and wherein said prioting by
thermal means occurs at a temperature which is below
the temperature at which said heat sensitive inks acti-
vate, and wherein said thermal means is said color
thermal ink jet printer;

d. printing, by thermal means, heat sensitive inks of a
third color anto a medium, wherein at least a portion of
said heat sensitive inks of safd third color cover at [east
a portion of said heat sensitive inks of said first color on
said medium, and wherein at least a portion of said heat
sensitive inks of said third color cover at least a portion
of said heat sensitive inks of said second color on said
medium, and wherein said printing by thermal means
occurs at a temperature which is below the temperature
at which said heat sensitive inks activate, and wherein
said thermaj means is said color thermal ink jet printer,
and wherein said priating of said inks of said first color,
said printing of said inks of said second color, and said
printing of said inks of said third coler comprise
muitiple color process printing, wherein a multiple
color image formed by heat sensitive inks printed by
means of said multiple color process printing appears
on said medium,; and

e. transferring said multiple color image formed by heat
sensitive inks from said medium to an abject on which
the muoftple color image is to appear by applying heat
te sajd medium at a temperature which will canse
sufficieat of said heat sensitive inks to activaie, so as (o
cause said heat sensitive inks to bond to said object to
form the multiple color image on said object.

3. A method of printing a multiple color image using heat
sensitive inks printed by a color thermal ink jet printer,
comprising the steps of:

a providing a computer driven color thermal ink jet

printer;

b. printing, by thermal means and by multple color
process, hear sensitive inks of at Teast three colors, each
of which is contained in a separate wax based solid, at
a lemperature which is above the temperature at which
the wax is liquified, but which is below the temperarure
at which heat sensitive inks activate, o 23 to cause said
wax and said heat sensitive inks to be ransferred onte
said medium to form a multiple color image, wherein
said therma] means is said ink jet printer; and

¢. transferring said heat sensitive inks from said medium
to an object on which the multiple color image is to
appear by applying heat to said medium at a tempera-
ture which is above the temperature gt which said heat
sensitive inks activate, so as to causc sufficient of said
heat scnsitive inks to activate and transfer onto said
object to form said multiple color design on said object.

4. A method of printing a multiple color image using heat
sensitive inks printed by a color thermal ink jet printer as
described in claim 3, wherein at least three wax based solids
are used, with each of said wax based solids comprising at
least one color of heat sensitive inks, at least one wax
material and at least one polymer binder matenal.
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PERMANENT HEAT ACTIVATED TRANSFER
PRINTING PROCESS AND COMPOSITION

This application is a continuation in part of application
Ser. No. 08/195,851, filed Feb. 10, 1994, which is & con-
tinuation in part of application Ser. No. 07/724,610, filed Jul.
2, 1 Patent No. 5,302,223, which is a continuation in part of
application Ser. No. 07/549,600, filed Jul. 9, 1990, now
abandoned,

FIELD OF THE INVENTION

This invention relates (o printing generaily, and {3 more
specifically directed to a method of printing heat activated
ink by means of an ink jet printer onto paper or other
printable substrate as a medium, and subsequently heat
activating the ink, thereby transferring the design formed by
the ink from the medium to a substrate on which the design
is to permanently appear.

BACKGROUND OF THE INVENTION

Words and designs are frequently printed onto clothing
and other textile materials, and other objects, Common
means of applying such designs to objects include the use of
silk screens, and mechanically bonded thermal transfers.

The use of computer technology allows substantially
instantaneous printing of images. For example, video cam-
eras or scanning may be used to captisre an image to a
computer. The image may then be printed by any suitable
printing means, including mechanical thermal printers, ink
jet printers and laser printers. These printers will print in
multiple colors,

Color ink jet printers are in commen use. Color ink jet
printers use combinations of cyan, yellow and magenta inks
or dyes to produce multi-color images.

The primary types of ink jet printers currently in use fall
into three categories: phase change, free flow, and bubble jet.
The inks or dyes used in phase change ink jet printing are
contained in a solid compound which changes state by the
application of heat to liquify the solid, whereupen the ink
composition is printed. Free flow and bubble jet printers use
liquid inks, although the actual printing process of free flow
ink jet printers differs from bubble jet printers.

Heat activated transfer ink solids change to a gas at about
400° F, and have a high affinity for polyester at the
activation lemperature and & limited affinity for most other
materials. Once the gassification bonding takes place, the
ink is permanently printed and highly resistant to change or
fading caused by laundry products.

Hale, U.5. Pat. Nos. 5,246,518, 5,248,363 and 5,302,223
disclose the use of therma) printers 1o produce an image on
a medium or transfer sheet wherein the image is comprised
of sublimation or other heat activated inks. The method
deseribed in Hale does not activaie the ink during the
pritting of the medium or transfer sheel.

‘The process of printing heat sensitive ink tolids such as
sublimation inks by means of a phase change ink jet printer
is similar to the process described in Hale, U.S. Pat. Nos.
5,246,518, 5,248,363 and 5,302,223. The use of heat by all
ink jet printers presents the problem recognized in the Hale
patents of printing heat activated inks in a pon activated
form by means of such printers, since the ink is exposed o
high temperatures by the printer. Bubble jet printers, for
example; heat the ink during the printing process to around
the boiling point of the ink solvent, which is typically water.
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Free flow ink jet printers use heat to form pressure which
transports the ink during the printing process.

The use of liquid inks, as required by free flow and bubhle
jet printers, presents a new sct of problems when trying to
print ink solids. The orifices or nozzles of free flow and
bubble jet printers are not designed for the dispensing of
solids contained within a liquid material. The orifices of
these printers are typically 5-10 microms in diameter, and
clogging of the orifice will occur when ink solids of large
particle size or in high volume are transferred through the
orifice.

Further, when the ink solids are placed into the liquid, the
ink solids tend to separate from the liquid over time and fall
to the: bottom of the ink container. The ink composition is
typically sealcd in & contsiner at 2 manufacuring facility, for
subsequent mounting of the container within the ink jet
printer, meaning that a substantial storage time for the ink
composition exists prior to use, Separation of the liquid and
solidy within the ink formulation presents problems with
regard to the mechanical operation of the printer and the
print quality achieved from use of the ink formulation.

Calor ink formulations for colar ink jet printers compris-
ing sublimation dye solids mixed with water were sold
briefly in 1989. The ink formulations were not stable, since
the solid dye particles settled from the water carrier, and
clogged the jets of ink jet printers.

SUMMARY OF THE PRESENT INVENTION

The present invention is a method of printing heat acti-
vated ink solids in 2 non activated form onw a medium in a
desired image by means of an ink jet printer, for subsequent
ransfer of the image from the medium by heat activation of
the ink solids. The invention includes ink or dye composi-
tions comprising heat activated ink or dye solids for use with
the method. The ink compositions presented ioclude solid
compositions at ambient temperature for use with phase
change ink jet printers, and emuisions or colloids for use
with free flow and bubble jet printers.

The ink solids are transferred in the desired design by
means of a printer onto a substrate, which acts as a medium.
The substrate may be paper, or it may be other material
which will facilitate and withstand the transfer temperature,
and which facilitates bonding of the ink layer 1o the sub-
strate.

The ink jet printer incorporates a thermal process, but the
ink solids of the invention do not activate af the operational
temperatures of the printer. Heat activation of the ink solids
does not take place at the time of printing of the image by
the printer, but rather, takes place at the time of the transfer
of the image from the medium to the substrate on which the
image is permanently applied. The non activated ink solids
produce a printed image on the medium which is recogniz-
able, but the colors are dull and are not accepiable for most
applications.

Sufficient temperature is then applied to the image to
transfer the image from the medium to the substrate on
which the image is to permanently appear. The heat acti-
vates, or sublimates, the ink solids during this transfer from
the medium to the substrate. The image is then permanently
bonded to the substrate. The permanent image is sharp, with
vivid colors forming the image.

DESCRIFTION OF THE DRAWINGS
FIG. 1 is a block diagram showing the printing process.
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FIG, 2 illustrates an example of a design printed by 2
printer using the printing process.
FIG. 3 is a diagrammaic illustration showing exemplary
clements of computer ang printing systems which conld be
used to achieve the printing process.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the preferred embodiment, 2 video camera or scanning
device 2 is used to cepture an image 3. The image is then
input into a computer 4. The computer directs an ink jet
printer 6 to print the image. Any means of forming the an
image which may be printed from a computer may be used,
including images generated by software. Available computer
design graphic software may be used, or still photography
may be used. The design may be photographic, graphic
artistic, or simply letters or words, The use of cyan, yellow
and magenta ink compositions allow the printer to print in
full color or multi-color designs.

In the present invention, heat activated ink solids are used,
and are transferred to a medium by the printer without
activating the ink solids. The beat activated ink solids are
transferred onto the medium by the printer.

Virtually any material may be used 28 a medium which
can be printed upon by a printer, and which will withstand
the heat activaied transfer temperawre of approximately
400° F., as described herein. This medium may be any paper
commonly used with color ink jet printersy, however, stan-
darg band paper may be used, or even a sheet of metal, if the
metal can be handled by the printer.

Once the image is prinied onto the medium, the image
may be permanently transferred onto the substrate presently,
or at a later time. Most commonly, the design will be
transferred onto a textile substrate, such as a shin §, although
the image may be transferred onto other materials which act
as a substrate, such as metal, ceramic, waod, or plastic. The
design 3, which is printed onto the medium 9 without
activating the ink, is placed against the object 8. A tempera-
ture which is sufficient to activate the ink solids is then
applied. This temperature will typically be around 400° F.
This temperature is applied for a time sufficient to heat
activate and uansfer the ink solids. A heat transfer machine
10 may be used to accomplish the transfer of the inks from
the medium o the substrate, Activation, or sublimation, doss
not take place ar the time of printing the image onto the
medium, even though heat may be used to accomplish the
printing of the image onto the medium, but occurs during the
transfer from the medium to the substrate.

Phase change ink jet printers use an ink composition
which is solid at ambient temperature. The ink composition
may be i a solid stick form. This “ink stick™ comprises heat
activated inks, and a phase change material, or transfer
vehicle, which will liquify upon the application of heat to the
ink composition. A polymer binder and additives may be
added to the ink composition. The additives may be used to
control melting, flow, drying, cotrogion and other variables.
The composition is changed from solid to jiquid by melting
the ink stick in a controlled fashion, to apply the ink solids
to the medium, and achieve printing. The melted ink com-
positien is contained in a liquid form in a reservoir at the
necessary elevated temperature to maintain the ink compo-
sition in liquid form. The liquified ink composition is then
taken from the reservoir and printed on demand. The ink
composition may be present in the printer in three or more
colors, such as cyan, yellow and magenta, and applied by the
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printer in combination to achieve multiple color or foll color
printing.

The transfer vehicle may be a wax or wax like material,
such as a certain polymers having a low molecular weight
and low melting point. Since wax and wax like materials in
liquid form tend to have an affinity for paper, the transfer
vehicle will readily bond with the paper medium, holding
the ink solids to the medium, until the ink solids are released
by the application of heat which is sufficient to activate and
transfer the ink solids.

The formulation for an ink composition used with & phase

change ink jet printer is as follows:

Material Weight %
Heat Activated Dye/Tok Solid 530
Tesnalfer Vehicle 0-10
Emnlsifying Enfoccizg Agent 1-20
Binder -3
Plasdcizer 01§
Foam Control Agent 0-10
Viseosity Control Agent 0-10
Surface Tension Control Agent 0-10
Diffusion Control Agent 0-10
Flow Control Agent 0-15
Carrosion Contro) Agenl 0-18
Antoxidant 0-3
TOTAL 100%

The heat sensitive or heat activated dye or ink solid may
be a sublimation ink which is finely divided. It is preferred
that the solid particle have a diameter which is no larger than
0.1 micron. The transfer material is a wax or wax like
material which liquifies at a temperature of 70° 0 120
degrees C. to allow printing of the ink ontc the medivm.

The cmulsifying enforcing agent acts as a dispersing
agent through which the ink solids are distributed. The
emulsifying enforcing agent may be one or more polymers
or surfactants, which should be anionic. The binder may be
a polymer which strengthens the ink stick when the ink stick
is in solid form. The plasticizer increases the solubility of the
ink for formulation of the ink stick. The foam control agent
and viscosity control agent aid in formulating the ink stick.

The surface tension control agent may be a surfactant.
This agent aids in printing of the ink formulation. The
diffusion contro! agent helps control the diffusion of the ink
as it is applied to the medium. The flow contro} agent helps
control the melting temperature and rate of the ink during the
printing process.

Materizl Weight %
Sublaprint ® Blue 70014' 100
Polywax ® PESOQ* 10.0
Exxon FN ® 3508° 580
DisperByk ® 182 0.5
Vionapas ® 81.5° 1.5
Piccolastic ® A25¢ 10.0
Polygard @7 50
Dibuty! Phthalate 50
Total: 100.0

‘Keysone Aailine Corporation

Igetrolite Corp.

3Exxon Chemical Co.

*BYX-Chemie, USA

Wacker Chemicals (USA)

*Hercules Inc.

Uniroyal Chemical Co

Polywax PESQO is & wansfer vehicle. This transfer vehicle
is a wax-like polymer material. Exxon FIN 3505 is a hydro-
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carbon wax used as part of the transfer vehicle. Other waxes
or combinations could be used as the transfer vehicle
depending on the printer, its operation temperature, the ink
to be printed and the medium to be printed.

DisperByk 182 is an emulsifying enforcing agent. An
anionic emulsifying enforcing agent should be used. Dis-
persByk is a polymer type surfactant Vinnapas B1.5 and
Piccolastic are used as binders. Polygard is an antioxidant
which is used for carrosion control. Dibutyl phthalate is a
plasticizer.

Free flow ink jet printers and bubble jet ink jet printers use
inks which are in a liquid form. Free flow ink jet printers
dispense ink through an orifice in an ink container. The
printer commands and controls the flow of ink through the
orifice to print in the desired manner.

Bubble jet printers also use inks which are in a liquid
form, and which are held in a container. Bubble jet printers
use a different orifice or nozzle system than free flow
printers. A channel and heating system is used to form a
bubble. The formation of the bubble is controlied by the
printer by the application of heat to the ink to print as
desired.

The heat activated inks or dyes are solid particles. Free
flow and bubble jet printers are designed to be used with
liquid inks, but not with inks having solid particulate within
the liguid. The presence of solid material clogs the orifice or
nozzle of the printer. Forther, liquid ink compositions into
which a solid particulate is placed or dissolved are not
homogenous over time. The solid ink particles in the mixture
settle from the liquid toward the bottom of the ink container.
This settling increases the clogging of the orifice. Further,
print quality is affected if the ink is not consistent.

The liquid ink composition of the present invention is an
emulsion comprised of finely divided heat activated ink
solids which are placed in an emulsion by means of an
crnulsifying cnforcing agent which is present in a solvent.
Humectants, corrosion inhibitors, surfactants, and anti-
foaming agents may also be included in the composition.

The formulation of an emulsion comprising heat activated
ink solids which is used with ink jet printers requiring liquid
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FORMULATION EXAMPLE #2- Yellow Ink-Jet
Formula:

Material Weight %
Bafixan ® Yeliow IFE* 0
Dipropylene Glycot 45
DMS0O 135
Cobrates ®° 0.45
N=OH (10N) 30
Distilled H,0 88.55
Total: 100

*BASF Corporation

*PMC Specialties Group

Formulation Example 2 comprises a heat activated yellow
ink solid or dye. Dipropylene glycol and DMSO are co-
solvents. Sodivm Hydroxide is an inorganic emulsifying
enforcing agent, which also acts as a fungicide. Distilled
waler acts as a solvent. Cobratec® acts as a corrosion
inhibitor.

In this formulation, a particular ink solid is fincly divided
to yield a small particle size. The particular ink solid of
Example 2 will tend to substantially dissolve within sodium
hydroxide, which is used as the emulsifying enforcing agent.
The combination of the sodium hydroxide and the solvent,
which is the formulation example is distilied water, yield an
emulsion which may be used in bubble jet and free flow ink
jet printers.

Generically, a “humectant” is a moisturizing agent. In the
refevant art, the term “humectant” is used to describe agents
which are included in ink formulations to regulate the rate at
which the ink dries and to control the viscosity of the ink. In
addition to these properties, the present invention may
comprise one or more humectants which will prevent clog-
ging of the orifice or nozzle. With certain inks, the humec-
tants will regulate the sublimation rate of the inks or dyes as
they are transferred from the medium to the object on which
the printed design is to permanently appear. The humectant
in formulation example 2 is dipropylene glycol, which acts
as a co-solvent and humectant.

FORMULATION EXAMPLE #3; Cyan Ink-Jet

inks is as follows: . Formula:
Matedial Weight % Mazezial Weight %
Heat Activaied Dye/lak Solid 5-30 Sublepriat ® Blue 70013:° 10
Emultifying Enforcing Agent 1-20 Lignosal @ FTA" 15
Binder 0-30 50 ME @ 19235'F 100
Humectanns 0-40 Diethylene Glycol 9.5
Foam Control Agent 0-10 DMSC 1.0
Fungicide 0-2 Distilled H,0 750
Viscotity Control Agent 0-10 -
Surface Tension Control Agent 0-10 Total: 100.00
Diffusion Conmol Agent 0-10 55
Flow Cantrol Agent 15 1Kaynone Aniline Corparation
Evaporation Control Agent 0-20 M ignotech (U.5.) Inc.
Corrosion Contral Agent 0-10 M\ichetman, Inc.
Cosolvent 0-30
Solvent 30-90 Sublaprint® Blue 70013 is a heat activated ink or dye
. . i
TOTAL 10% 60 olid. Lignosol® FTA and ME® 39235 are emulsifying

The heat activated dye or ink solid is finely divided and

placed into an emulsion by means of the emulsifying agent
and the solvent, which may be water. The remaining agents
may be added to facilitate formulation, storage andfor print-
ing of the liquid ink composition.

65

enforcing ageats. Lignosol® FTA alsa acts ay & fungicide.
ME® 39235 i3 a polymer, aud more specifically, it is a
polyethylene binder. Diethylene Glycol and DMSO act as
humectants. The solvent is distilied water.

Sublaprint® Blue 70013 is more difficult to sublimate
than Bifaxan® Yellow 3GE, and is less soluble in the
emulsifying enforcing agent. Diethylene glycol is used as a
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humectant to faciiitate sublimation of the Sublaprint® Blue
ink solid.

The heat activated ink solid is finely divided to a small
particle size. The finely divided ink solid is combined with
one or more emulsifying enforcing agents, which are in tarn
combined with the solvent.

Formulation Example #4: Magenta Ink-Jet Ink Formula:

Material Weight %
Intratherm ® Brill Red P-31INT" 1.5
Lignosol ® FTA! 10
ME ® 19215Y 110
NA-SUL ®'¢ 1.
DezPo ® 806102V Q12
Sarkitol 0.5
Dipropylene Glycol 15
Diwitied H,0 793
Total: 100

“Cranmpeon & Knowles Corporation

sLignotech (U.S.) Inc.

Spfichelman, [nc.

¥King Industries

1tra Additives

Formulation Example #4 comprises a heat activated ink
solid or dye which is finely divided and combined in an
emulsifying enforcing agent. The emulsifying enforcing
agent or medium is, as with Example #3, Lignosol® FTA
and ME® 39235, Distilled water is used 2s a solvent.
Dipropylene Giycol is used as a humectant

Formulation Example #4 further comprises an anti-foam-
ing or foaming control agent, DeeFo® B806-102 to retard
foaming of the liquid ink composition. Formulation
Example #4 further comprises a surfactant, which may be
Sorbitol®, and a corrosion inhibitor, which, in this example,
is NA-SUL®.

. Formulation Examples 2, 3 and 4 are emulsions. In

Example 2, the particular dye has a tendéncy to dissolve in
the emulsifying enforcing agent, Formulation Examples 3
and 4 may also be described as colloids, having finely
divided ink particles of not larger than 0.1 microns in
diameter present within the disperse medium,

The invention provides an emulsion or colloid which will
work within free flow ink jet primers and bubble jet printers,
without experiencing problems relating to orifice clogging
which resuits from the use of an ink solid. Further, the use
of an cmulsion or colloid prevents the separation of the ink
solids from the liquid compenents, rendering an jok com-
position which is stable over time.

Typically, the liquid ink formulations are present within
the printers in containers, Three or more cotors of liquid ink
are present. The containers may be factory sealed, and as
such, the ink formulation may be held within the container
for a long period of time,

The bubble jet printer forms the bubble which is used to
print the ink at approximately the boiling point of the ink
solvent. In most formulations, water will be used as the
solvent, so that the ink is exposed to temperatures of 100
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degrees C. or higher as the ink is printed. Comperable
temperatures may be used in free flow ink jet printers to
create pressure for the purpose of transporting the ink for
printing. As with the phase change ink jet printer, the ink js
exposed 10 temperatures which will activate or sublimate
some heat activated inks or dyes. The inks or dyes used in
the ink compositions herein will not activate or sublimate at
the operational temperatures of the printer.

What is claimed is:

1. A method of printing a design by means of an ink jet
printer using heat activated dye solids, comprising the steps
of:

a, preparing an ink formulation comprising heat activated
dye sclids, at least one erulsifying enforcing agent for
shielding the heat activated dye solids and at least one
solvent;

b. supplying an ink jet printer with said ink formulation;

c. printing said ink formwlation in a desired image by
means of said ink jet printer onto a medium at a
temperature which is below the temperature at which
said heat activated dye solids activate; and

d. transferring said image from said medium to an object
on which the image is to appear by thermal means at a
temperature which is above the temperanre at which
said heat activated dye solids activate, so as to cause
said beat activated dye solids to transfer onto said
object.

2. A method of printing a design by means of an ink jet
printer using heat activated dye solids as described in claim
1, further comprising the step of finely dividiog said heat
activated dye solids prior to performing the step of preparing
said ink formulation.

3. A method of printing a design by means of an ink jet
printer using heat activated dyc solids as described in claim
1, wherein the emulsifying enforcing agent is a polymeric
dispersing agent.

4. A method of printing a design by means of an ink jet
printer using heat activated dyc solids as described in claim
3, further camprising the step of finely dividing said heat
activated dye solids prior to performing the step of preparing
said ink formulation. '

5. A method of printing 2 design by means of an ink jet
printer using heat activated dye solids as described in claim
1. wherein the step of preparing an ink formulation com-
prises the combining of heat activated dye solids with
Lignosol as an emulsifying enforcing agent and at least one
solvent.

6. A method of printing a design by means of an ink jet
printer using heat activated dye solids as described in claim
§, further comprising the step of finely dividing said heat
aclivated dye solids prior to performing the step of combin-
ing said heat activated dye solids with said emulsifying
enforcing agent and said solvent.
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PERMANENT HEAT ACTIVATED TRANSFER
PRINTING PROCESS AND COMPOSITION

This application is & continuation-in-part of application
Ser. No. 08/506,894, Jul. 25, 1993, which is a continuation-
in-part of Ser. No. 08/299,736, Sept. 1, 1994, Par No.
5488907, which is a continuaton-in-part of Ser. No.
08/195,851, Feb. 10, 1994, U.S. Pat. No. 5,431,501, which
is a continuation-in-part of Ser. No. 724,610, Jul. 2, 1991,
U.S. Pat No. 5,302,223, which is a continuation-in-part of
Ser. No. 549,600, Jul. 9, 1990, ahandoned. This application
is also a continuation-in-part of Ser. No. 08/207,756, Mar. 8,
1994, U.S. Pat. No. 5,487,614, which is a continuation of
Ser. No. 08/195,851, Feb. 10, 1994, U.S. Pat. No. 5,431,501,

FIELD OF THE INVENTION

This invention relates to printing generally, and is more
specifically directed to a method of printing heat activated
ink by means of an ink jet printer onto paper or other
printable substrate as a medium, and subsequently beat
activating the ink, thereby transferring the design formed by
the ink from the medium to 2 substrate on which the design
is to permanently appear.

BACKGROUND OF THE INVENTION

Words and designs are frequently printed onto clothing
and otker textile materials, and other objects. Common
means of applying such designs to objects include the use of
silk screens, and mechanically bonded thermal transfers.

The use of computer technology allows substantally
instantaneous printing of images. For example, video cam-
eras or scanning may be used to caplure an image to a
computer. The image may then be printed by any suitable
printing means, including mechanical thermal printers, ink
jet printers and laser printers. These printers will print in
multiple colors.

Color ink jet printers are in common use. Color ink jet
printers us¢ combinations of cyan, yellow and magenta inks
or dyes to praduce multi-color images.

The primary types of ink jet printers currently in use fall
into three categories: phase change, free flow, and bubble jet.
The inks or dycs used in phase change ink jet printing are
contained in a solid compound which changes state by the
application of heat to liquify the solid, whereupon the ink
composition is printed. Free flow and bubble jet printers use
liquid inks, zlthough the actual printing process of free flow
ink jet printers differs from bubble jet printers.

Heat activated transfer ink solids change to a gas at about
400° F, and have a high affinity for polyester at the
activation temperature and a limited affinity for most other
materials. Once the gassification bonding takes place, the
ink is permanently printed and highly resistant to change or
fading caused by laundry products.

Hale, U.S. Pat. Nos. 5,246,518, 5,248,363 and 5,302,223
disclose the use of thermal printers to produce an image on
a medium or transfer sheet wherein the image is comgrised
of sublimation or other heat activated inks. The method
described in Hale does not activate the ink during the
printing of the medium or transfer sheet.

The process of printing heat sensitive ink solids such as
sublimation inks by means of a phase change ink jet printer
is similar to the process described in Hale, U.S. Pat. Nos.
5,246,518, 5,248,363 and 5,302,223, The use of heat by all
ink jet printers presents the problem recognized in the Hale
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patents of printing heat activated inks in 2 non activated
form by means of such printers, since the ink is exposed to
high temperatures by the printer. Bubble jet printers, for
example, heat the ink during the printing process to around
the boiling point of the ink solvent, which is typically water.
Free flow ink jet printers use heat to form pressure which
transports the ink during the printing process.

The use of liquid irks, as required by free flow and bubble
jet printers, presents a new set of problems when trying to
print ink solids. The orifices or nozzles of free flow and
bubble jet printers are not designed for the dispensing of
solids contained within & liquid material. The orifices of
these printers are typically 5-10 microns in diameter, and
clogging of the orifice will occur when ink solids of large
particle size of in high volume are transferred through the
orifice,

Further, when the ink solids arc placed into the liquid, the
ink solids tend to separate from the liquid over time and fall
to the bottom of the ink container. The ink compasition is
typically sealed in a container at a maoufacturing facility, for
subsequent mounting of the container within the ink jet
printer, meaning thar 2 substantial storage time for the ink
composition exists prior to use. Separation of the liquid and
solids within the ink formulation presents problems with
regard to the mechanical operation of the printer and the
print quality achieved from use of the ink formulation.
Materials which inhibit separation must also inhibit agglom-
eration of the solid dye particles, while allowing, and not
preventing due to insulation or otherwise, activation of the
ink or dye during the final printing at elevated temperatures,

SUMMARY OF THE PRESENT INVENTION

The present invention is a method of printing heat acti-
vated fnk solids in a non activated form onto a mediumin a
desired image by means of an ink jet printer, for subsequent
transfer of the image from the medium by heat activation of
the ink solids. The invention includes ink or dye composi-
tions comprising heat activated ink or dye solids for use with
the method. The ink compositions presented include solid
compasitions at ambient temperature for use with phase
change ink jet printers, and emulsions or colloids for use
with {ree flow and bubble jet printers.

The ink solids are transferred in the desired design by
means of a printer onto & substrate, which acts as a medium.
The substrate may be paper, or it may be other material
which will facilitate and withstand the transfer temperature,
and which facilitates bonding of the ink layer to the sub-
strate,

The irk jet printer incorporates a thermal process, but the
ink solids of the invention do not actjvate at the operational
temperatures of the printer. Heat activation of the ink solids
does not take place at the time of printing of the image by
the printer, but rather, takes place at the time of the transfer
of the image from the medium to the substrate on which the
image is permanently applied. The non activated ink solids
produce a printed image on the medium which is recogniz-
zble, but the colors are dull and are pot acceptable for most
applications.

Sufficient temperature is then applied to the image to
transfer the image from the medium to the substrate on
which the image is io permanently appear. The heat acti-
vates, or sublimates, the ink solids during this transfer from
the medium te the substrate. The image is then permanently
bonded ta the substrate. The permanent image is sharp, with
vivid colors forming the image.
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When the ink formulation prepared according to the
invention is a liquid, finely divided dye solids are present in
2 liquid carrier, in a cotloidal or emulsion form. An emul-
sifying enforcing agent, which has characteristics of a sur-
factant, surrounds and shields the dy¢ particles to prevent
undesired activation at low heat and to prevent agglomera-
lion of the dye particles. However, the emulsifying enforcing
agent allows activation of the dye at higher temperatures.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a black diagram showing the printing process.

FIG. 2 illustrates an example of a desipgn printed by a
printer using the printing proccss,

FIG. 3 is a diagrammatic illustration showing exemplary
elements of computer and printing systems which could be
used 1o achieve the printing process.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the preferred embodiment, a videa camera or scanning
device 2 is used to capture an image 3. The image is then
input into a computer 4. The computer directs a primter 6 to
print the image. Any means of forming the an image which
may be printed from a computer may be used, including
images gencrated by software. Available computer design
graphic software may be used, or still photography may be
used. The design may be photographic, graphic artistic, or
simply letters or words. The use of cyan, yellow and
magenta ink compositions allow the printer to print in full
color or multi-color designs.

In the present invention, heat activated ink solids are used,
and are transferred t a medium by the printer without
activating the ink solids. The heat activated ink solids are
transferred onto the medium by the printer.

Virtually any material may be used as a medium which
can be printed upon by a printer, and which will withstand
the heal activated transfer icmperature of approximaicly
400° E., as described hercin. This medivm may be any paper
commonly used with color ink jet printers, however, stan-
dard bond paper may be used, or even a sheet of metal, if the
metal can be handled by the printer.

Once the image is printed onto the medium, the image
may be permanently transferred onto the substrate presently,
or at a later time. Most commonly, the design will be
transferred onto a wextile substrate, such as a shin §, although
the image may be transferred onto other materials which act
as a substrate, such as metal, ceramic, wood, or plastic, The
design 3, which {s printed onto the medium ¢ without
activating the ink, is placed against the object 8. A tempera-
lure which is sufficient to activate the ink solids is then
applied. This temperature will typically be around 400° F.
This temperature i3 applied for a time sufficient to heat
activate and transfer the ink solids. A heat transfer machine
10 may be used to accomplish the transfer of the inks from
the medium to the substrate. Activation, or sublimation, docs
not take place at the time of printing the image onto the
medium, even though heat may be used to accomplish the
printing of the image orta the medium, but occurs during the
transfer from the medium to the substrate.

Phase change ink jet printers use an ink composition
which is salid at ambient temperature. The ink compasition
may be in a salid stick form. This “ink stick” comprises heat
activated inks, and a phase change material, or lransfer
vehicle, which will liquify upon the application of heat to the
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ink compositien. A polymer binder and additives may be
added to the ink composition. The additives may be used to
control melting, flow, drying, corresion and other variables.
The compositior is changed frem solid to liquid by melting
the ink stick in a controiled fashion, to apply the ink solids
to the medium, and achieve printing. The melted ink com-
position is contained in a liquid form in a reservoir at the
necessary elevated temperature to maintain the ink compo-
sition in liquid form. The liquified ink composition is then
taken from the reservoir and printed on demand. The ink
composition may be present in the printer in three or more
colors, such as cyan, yellow and magenta, and applied by the
printer in combination to achieve multiple color or full color
printing.

The transfer vehicle may be 2 wax or wax like material,
such as a certain polymers having a low molecular weight
and Jow melting point. Since wax and wax like materials in
liquid form tend to have an affinity for paper, the wansfer
vehicle will readily bond with the paper medium, holding
the ink solids to the medium, until the ink solids are released
by the application of heal which is sufficient to activate and
transfer the ink solids.

The formulation for an ink composition used with a phase
change ink jei printer is as follows:

Material Weight %
Heat Activated DyefInk Solid p
Transfer Vehicle 70
Emulsifying Enforcing Agens 1-20
Binder 0-30
Plasticizer 0-15
Foamn Control Agent 0-10
Viscosity Conirol Ageni 0-10
Surface Tension Control Agemt 0-10
Diffusion Control Agent 0-10
Fiow Control Agent 0-15
Corrasion Control Agent 0-10
Antioxidant 0-5
TOTAL 100%

The heat sensitive or heat activaied dye or ink solid may
be a sublimation ink which is finely divided. It is preferred
that the solid particle have a diameter which is no larger than
0.1 micron. The transfer materal is a wax or wax like
material which liquifies at a temperatere of 70 to 120
degrees C to allow printing of the ink anto the medium.

The emulsifying enforcing agent acts as a dispersing
agent through which the ink solids ere distributed. The
emulsifying enforcing agent may be onc or more polymers
or surfactants, which should be anionic. The binder may be
a polymer which strengthens the ink stick when the ink stick
is in solid form. The plasticizer increases the solubility of the
ink for formulation of the ink stick. The foam control agent
and viscosity control agent aid in formulating the ink stick.

The surface tension control agent may be a surfactan(,
This agent aids in primting of the ink formulation. The
diffusion control agent helps control the diffusion of the ink
as it is applied to the medium. The fiow control agent helps
control the melting temperature and rate of the ink during the
printing process.
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FORMULATION EXAMPLE#1; Cyan
phase-change ink-Jet Ink Formula — o
Material Weight % Heat Activated Dye/ink Solid 530
-t 5 Efmlln‘fging Enforcing Agent 1-20
Sublaprint ® Bluc 70014 100 gmder 3’.’43
Polywax ® PESO0? 16.0 umectants
Exxon FN ® 3505° 580 ll:mm c?«m} Agent 010
gmﬂy?n}ﬂsz; ?g V“l:;dw Control Agent &Izﬂ
innapas ; . z
P o mmmenmee G
Polygard @ 50
i thalate Flow Control Agent 0-15
Dibuty! P 30 Evaporation Control Agent 010
Total: Corrosion Contol Agent 0-10
o 100 Cosplvent 0-30
;Kcy!:.om Aniline Corporation 15 Salvent 30-90
‘Petroli X _—
!&“U?nmm Co. TOTAL 100%
*BYK-Chemie, USA
3Wacker Chemicals (USA, . . . ..
0;;:5.,1“ Inc. wsA) The heat activated dye or ink solid is finely divided and

Uniroyal Chemical Co.

Polywax PES00 is a transfer vehicle. This transfer vehicle
is a wax-fike polymer material. Exxon FN 3505 is a hydro-
carbon wax uscd as part of the transfer vehicle. Other waxes
or combinations could be used as the transfer vehicle
depending on the printer, its operation temperature, the ink
to be printed and the medium to be printed.

DisperByk 182 is an emulsifying enforcing agent. An
anionic emulsifying enforcing agent should be used. Dis-
persByk is a polymer type surfactant. Vinnapas B1.5 and
Piccolastic are used as binders. Polygard is an antioxidant
which is used for corrosion control. Dibutyl phthalate is a
plasticizer.

Free flow ink jet printers and bubble jet ink jet printers use
inks which are in a liquid form. Free fiow ink jet printers
dispense ink through an orifice it an ink container. The
printer commands and controls the flow of ink through the
orifice to print in the desired manner.

Bubble jet printers also use inks which are in a liguid
form, and which are held in a container. Bubble jet printers
use a different orifice or nozzle system than free flow
printers. A channel and heating system is used to form a
bubble. The formation of the bubble is controlled by the
printer by the application of heat to the ink to print as
desired,

The heat activated inks or dyes are solid particles. Free
flow and bubhle jet printers are designed to be used with
liquid inks, but not with inks having solid particulate within
the liquid. The presence of solid material clogs the orifice or
nozzle of the printer. Further, liquid ink compotitions into
which 2 solid particulate is placed or dissolved are not
homogenous over time. The solid ink particles in the mixiure
setdle from the liquid toward the boom of the ink container.
This settling increases the clogging of the crifice. Further,
print quality is affected if the ink is nol consistent.

The liquid ink composition of the present invention is an
cmulsion comprised of finely divided heat activated ink
solids which are placed in an emulsion by means of an
emuylsifying enforcing agent which is present in a solvent.
Humectants, corrosion inhibitors, surfactants, and anti-
foaming agents may also be included in the composition.

The formulation of an emnulsion comprising heat activated
ink solids which is used with ink jet printers requiring liquid
inks is as follows:

placed into an emulsion by means of the emulsifying agent
and the solvent, which may be water. The remaining agents
may be added to facilitate formulation, storage and/cr print-
ing of the liquid ink composition.

FORMULATION EXAMPLE#2-Yeilow [nk-Jet

Formula
Material Weight %
Bafixan ® Yellow IFE" 20
Dipropylene Glycol 45
DMSO 1.5
Cobratec 8° 045
NaOH (1009 30
Distilled H,0 88,55
Total: 100
SBASF Corporation

*PMC Specialties Group

Formulation Example 2 comprises a heat activated yellow
ink solid or dye. Dipropylene glycol and DMSO are co-
solvents. Sodium Hydroxide is an inorganic emulsifying
enforcing agent, which also acts as a fungicide. Distilled
water acts as a solvent. Cobratec® acts as a corrosion
inhibitor,

In this formulation, a particular ink solid is finely divided
to yield a small particle size. The particular ink solid of
Example 2 will tend to substantially dissolve within sodium
hydroxide, which is used as the emulsifying enforcing agent.
The combination of the sodium hydroxide and the solvent,
which iy the formulation example is distilled water, yield an
emulsion which may be used in bubble jet and free flow ink
jet printers.

Generically, a “humectant” is a moisturizing agent. In the
relevant art, the term “humectant” is used to describe agents
which are included in ink formulations to regulate the rate at
which the ink dries and to control the viscosity of the ink. In
addition to these properties, the present invention may
comiprise one or more humectants which will prevent clog-
ging of the orifice or nozzle. With certain inks, the humec-
tants will regulate the sublimation rate of the inks or dyes as
they are transferred from the medium to the object on which
the printed design is to permanently appear, The humectant
in formulation example 2 ig dipropylene glycal, which acts
as a co-salvent and humectant,
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FORMULATION EXAMPLE#3; Cyan Ink-Jet
Formula
Maicrial Weight %
Sublaprint @ Blue 70013° 1.0
Lignosc! ® FTA'": 35
ME @ 392352 10.0
Diethylenc Glycol 95
DMSO | %1]
Distilled H,0 750
Total: 100.0¢
“Keysiong Aniline Corporalion
""Lignotech (U.S.) Ine.
“Michelman, Inc.

Sublaprint® Blue 70013 is a heat activated ink or dye
solid. Lignosol® FTA and ME®39235 are emulsifying
enforcing agents. Lignosol® FTA also acts as a fungicide.
ME®39235 is a polymer, and more specifically, il is a
polyethylene binder. Diethylene Glycal and DMSO act as
humectants. The solvent is distilled water.

Sublaprim® Blue 70013 is more difficult to sublimate
than Bifaxan® Yellow 3GE, and is less soiuble in the
emulsifying enforcing agent. Diethylene glycal is used as a
humectant to facilitate sublimation of the Sublaprint® Blue
ink solid.

The heat activated ink solid is finely divided to a small
particle size. The finely divided ink solid is combined with
one or more emulsifying enforcing agents, which are in turn
combined with the solvent.

Formulation Example#4: Magenta Ink-Jet Ink

Formula
Malcrial Weight %
Intratherm @ Briil Red P-3INT'? 5
Lignosai ® FTA™ 30
ME @ 35235' 110
NA-SUL @™ 10
DecFo ® 806-102"7 0.2
Sorbitol 05
Dipropylene Glyco! 35
Distilled K,0 793
Toual: 100

Crompton & Knowles Corperation
"Lignotech (U.5.) Inc.
“Michciman, Inc.

“¥Xing Industrics

Ulra Additives

Formulation Example#4 comprises 2 heat activated ink
solid or dye which is finely divided and combined in an
emulsifying enforcing agent. The emulsifying enforcing
agent or mediurm is, as with Example#3, Lignosol® FTA and
ME® 39235. Distilled waler is used as a solvent. Dipropy-
lene Glyeol is used as a humectant.

Formulation Example#4 further comprises an anti-foam-
ing or foaming control agent, DecFo® 806-102 to retard
foaming of the liquid ink composition. Formulation
Example#4 further comprises a surfactant, which may be
Sorbitol®, and a corrosion inhibitor, which, in this example,
is NA-SUL®.

Formulation Examples 2, 3 and 4 are emulsions. In
Example 2, the particular dye has a tendency to dissclve in
the emulsifying enforcing agent Formulation Examples 3
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and 4 may also be described as colloids, having finely
divided ink particles of not larger than 0.1 microns io
diameter present within the disperse medium.

The invention provides an emulsion or colloid which will
work within free flow ink jet printers, piezio electric print-
ers, and bubble jet printers, without experiencing problems
relating to orifice clogging which results from the use of an
ink salid. Further, the use of an emulsion or colloid prevents
the separation of the ink solids from the liquid components,
rendering an ink composition which i$ stable over time.
Typically, the liquid ink formulations are present within the
printers in containers. Three or more colors of liquid ink are
present. The containers may be factory sealed, and as such,
the ink formuladon may be held within the container for a
long period of time, :

The bubbie jet printer forms the bubble which is used t
print the ink at approximately the boiling point of the ink
solvent. In most formulations, water will be used as the
solvent, so that the ink is exposed to temperatures of 100
degrees C or higher as the ink is printed. Comparable
temperatures may be used in frec flow ink jet printers to
create pressure for the purpose of ransporting the iok for
printing. As with the phase change ink jet printer, the ink is
exposed to temperateres which will activate or syblimate
sotme heat activated inks or dyes. The inks or dyes used in
the ink compositions herein will not activate or sublimate at
the operational temperatures of the printer.

The liquid ink formulation comprises a liquid carrier. The
liquid camier, or solvent, may be water. An emulsifying
enforcing agent, which is soluable in the tiquid carrier, forms
an emulsion or a cotloid in the liquid carrier. The emulsi-
fying enforcing agent has an affinity for the heat activated
dye, and atiaches to, or may surround, all or part of indi-
vidual particles of the dye paricles.

The heat activated dye as used is a finely divided solid
which is substantially insoluable in the liquid carrier. The
dye particles, when placed in a liquid, will tend to agglom-
erate, vastly reducing, and practically eliminating, the eff-
cacy of the ink formulation. The emulsifying enforcing
agent is used to form an emulsion or a colloid, and in the
present invention, also surrounds and shields, and thereby
separates, the individual dye particles from the liquid carrier
and from each other, preventing agglomeration of the dye
particles, and thereby preventing the ink formulation from
clogging the orifices of the printer, such as the ink jets. The
emulsifying enforcing agent shields and insulates the dye
particles, preventing activation or sublimation of the dye due
to exposure to heat present in the printer and the printer
processes. The emulsifying enforcing agent shields the dye
particles, and improves ke shelf life of the ink formulation.
The adverse effects of heat, chemical reactions, light, time,
and other factors that may be present in the packaging
environment, or any environment within or surrounding the
printer, or printing processes are eliminated or reduced by
the emulsifying enforcing agent. However, while the cmui-
sifying enforcing agent shiclds the dye particles, the insu-
lation properties of the emulsifying enforcing agent are such
that heat activation of the heat activated dye is achieved
during final transfer of the image from the medium, which
is performed at, or above, the temperature at which the dye
activates, and the requircd oplical density of the dye after
finzl transfer by hear activation is anained.

An example of an emulsifying enforcing agent which will
achicve the objects of the invention, when used with water
as a liquid carrier, is a metallic sulforate salt known as lignin
sulfonate. Lignin sulfonatcs are sold under various brand
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names, including Lignosol and Raykrome. Other lignin
products which may be used as the emulsifying enforcing
agent to produce stable dispersion/emulsion systems include
krafi lignin products and oxylignins.

Generally, lignin materials may be categorized by the two
main processes in manufacturing lignins: kraft pulping and
sulfite pulping. Each of the processes produce lignin mate-
rials with different structures and molecular weights, and
therefore, they exhibit different performance properties in
dyc dispersing, siablizing and emulsification. Other than
these two groups, there is a group of lignin products called
oxylignins which are derived from lignins that have been
oxidized and have a reduced number of sulphonic and
methoxyl gruaps and increased number of functional phe-
nolic, hydroxyl and carboxylic groups.

Lignin products can be further modified through pro-
cesses Or reverse processes of sulphoncation, methylation,
carboxylation and fractionation, etc. in order to change their
chemical and physical properties, such as water solubilities
in different pH ranges, molecular weight, heat stability and
emulsification ability.

Lignin sulphonates, kraft lignins, or oxylignins can be
used as dye dispersant/emulsifying enforcing agents in the
invenion to generate stable sublimation or heat sensitive
dye emulsion/colloid systems, with proper adjustment of
solvent and usage level. Lignosulfonate products such as
Maprasperse CBA-! (Lignotech), Marasperse 52CP (Ligno-
tech), Lignosol FTA {Lignotech), Lignosol SFX-65 (Ligno-
tech), Temsperse S002 (Temfibre, Inc.) Stepsperse DF series
(Stephan Co.), and Weschem NA-4 (Wesco Technologies,
LTD) may be used. Kraft lignin products such as Diwatex
XP (Lignotech), and Reax 85 (Westvaco), and oxylignin
products such as Marasperse CBOS-6 and Vanisperse CB
arc suitable for use as the emulsifying enforcing agent in the
ink formulation of the present invention. The resulting
agueous system forms a double-layer structure, with a dye
particle in the center surrounded by lignin molecules and
anolher hydrated layer on the outer layer, to shield the dye
particles from reagglomerating, and from the cffects of
chemical and physical changes intreduced during storage or
printing of the ink formulation,

Other materials can be used as either emulsifying enforc-
ing agents or as additives to improve the emulsion/cotloid
stability, and thereby enchance the printing quality, by
eliminating clogging and kogation al the print head. These
materials may compris¢ a concentration from 0.1% to 15%
by weight of the total formulation without damaging the
sublimation heat transfer quality of the heat-sensitive dye at
the heat transfer stage. These materials can be added into the
system during the process of reducing the particle size of the
dyes, or after the dye particles have been dispersed into the
aqueous solution. These materials function also as emulsion/
colloid stablizers, leveling agents, wetting agents, or foam
control agents.

The materials which can be used for this purpose incude
alkylaryl polyether aicohol nogpionic surfactants, such as
Triton X series (Octylphenoxy-polyethoxyethanol); alky-
lamine ethoxylates nonionic surfactants such as Triton FW
series, Triton CF-10, and Tergitol (Union Carbide Chemi-
cals); polysorbate products such as Tween (IC1 Chemicals
and Polymers); polyalkylene and polyalkylens modified
surfactants, such as Silwet surfactants (polydimethylsioxane
copolymers) and CoatOSil surfactants from OS5I Specialties;
alcohol alkoxylates nonionic surfactanis, such as Renex,
BRIJ, and Ukanil; Sorbitan ester products such as Span and
Arlacel; alkoxylated esters/PEG products, such as Tween,
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Atlas, Myrj and Cirrasol surfactants from ICI Chemicals and
Polymers; unsaturated alcoho! products such as surfynol
series surfactants from Air Products Co., afkyl phosphoric
acid ester surfactant products, such as amy! acid phosphate,
Chemphos TR-421; alky] amine oxide such as Chemoxide
series from Chemron Corporation; anionic sarcosinate sur-
factants such as Hamposy) series from Hampshire Chemical
corporation; glycerol esters or palyglycol ester nonionic
surfactants such Hodag series from Calgene Chemical,
Alphenate (Henkel-Nopco), Solegal W (Hoechst AG),
Emultex {Auschem SPA); and polyethylene glycol ether
surfactants such as Newkalgen from Takemoto Qil and Fat
Co.

The solid dyes which are used in the ink formulation and
in the printing process have a particle size which is too large
for use in ink jet printers, as such dyes are currently
commercially available. The particle size and nonsolubility
in water also presents other problems previously discussed.
The dye must be finely divided, which may be accomplished
using mills, grinders, homogenizers or micronizers. One or
morc different emulsion enforcing agents including surfac-
tants dispersants, emulsifying agents, wetting agents,
defoamers or anti-foamers, or corrosion ichibitors may be
used in the process to improve and facilitate the process of
fincly dividing the dye. Examples of grinding devices to
finely divide the dye include microfluidizers, roller mills,
vertical mills, borizontal mills, jet mills, ball mills, attriion
mills, and uitrasonic micronizer/homogenizing mills.

For example, the heat sensitive dye is mixed with the
emulsifying enforcing agent, andfor other additives and
ce-selvents, and deionized distilled water, The dry chemi-
cals are mechanicatly mixed, dispersed into the liquid phase,
and then fed into grinding facility. The grinding device is
operated while monitoring temperature, pressure, viscosity,
interfacial tension, surface tension, pH value and flow speed,
without activaling the heat sensitive dye, until the mean
diameter of the dye particles is between 0.1 to 0.5 microns.

Particles which have a diameter of larger than 0.2-0.5
microns should be eliminated from the composition, such as
by filtration ot centrifuge. The resulting ink composition has
a mean particle size of 0.2 microns or less, with the solid
percentage ranging from 0.05% - 10% by weight, to produce
an ink composition which achieves the cbjectives of the
present invention,

What is claimed is:

1. A method of printing using heat activated dye solids by
means of a printer which uses liquid ink, comprising the
steps of;

a. preparing a liquid ink formulation comprising a heat
activated dye, a liquid carrier, and an emulsifying
enforcing agent which is solubie in said liquid carmier
and has an affinity for said heat activated dye and
surrounds individual particles of said heat activated dye
and separates said individual particles from said liquid
carrier, and which allows heat activation of said heat
activated dye at the temperature at which said heat
activated dye activates, and wherein said heat activated
dye is a finely divided solid which is substantially
insoluble in said liquid carrier;
supplying a printer with said liquid ink formulation;
printing said liquid ink formulation in a desired image
by means of said printer onto 2 mediumn at a tempera-
ture which is below the temperature at which said heat
activated dye activates; and
d. transferring said image from said medium to an object

on which the image is to appear by thermal means at a

L
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temperawure which is sufficient to activate the heat
activaled dye, s0 as to cause the heat activated dye o
transfer onto said object.

2. A method of printing using heat activated dye solids by
means of a printer which uses liquid ink as described in
claim 1, whercin said emulsifying enforcing agent is a
lignin,

3. A method of printing using heat activated dye solids by
means of a printer which uses liquid ink as described in
claim 1, wherein said liquid ink formulation further com-
prises an addiiive.

4. A method of printing using heat activated dye solids by
means of & printer which uses liquid ink as described in
claim 3, wherein said additive is a surfactant

5. A method of printing using heat activated dye solids by
means of a printer which uses liquid ink as described in
claim 2, wherein the emulsifying enforcing agent is a
sulphonated lignin.

6. A method of printing using heat activated dye solids by
means of a printer which uses liquid ink as described in
claim 1, wherein said printer is a piezo electric printer.

7. A methed of printing a design by means of a computer
driven printer using heat activated dye solids, comprising
the steps of:

a. preparing an ink formulation comprising a heat acti-
vated dye, a liquid carrier, and an emulsifying enforc-
ing agent which is soluble in said liquid casrier and has
an affinity for said heat activated dye, wherein said
emulsifying cnforcing agent surrounds and shields

[
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individual particles of said heat activated dye and
separates said individual particles from said liquid
carrier, and wherein said heat activated dye is a finely
divided solid which is substaniially insoluble in said
liquid carrier;

b. supplying a printer with safd ink formulation;

¢. printing said ink formulation in a desired image by

means of said printer onto a medium at a temperature
which is below the temperature at which said heat
activated dye activates; and

d. transferring said image from said medium 10 an object

on which the image is to appear by thermal means at a
temperature which is sufficient to activate the heat
activated dye, so as 10 cause the heat activated dye to
transfer onto said object.

8. A method of printing a design by means of a computer
driven printer using heat activated dyc solids as described in
claim 7, wherein the emulsifying enforcing agent is a
sulphonated lignin.

9. A method of printing 2 design by means of a computer
driven printer using heat activated dye solids as described in
claim 8, wherein the emulsifying enforcing agent is Ligno-
sol.

10. A method of printing a design by means of a computer
driven printer using heat activated dye solids as described in
claim 7, wherein said printer is a piezo electric printer.
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A method of printing & liquid ink which is produced from a
heat activated dye which is selected from a limited group of
dyes which are capable of transfer at low cnergy. A printer
which uses liquid ink, such as an ink jet printer, prints an
image onto an intermediate substrate medium. The dyes
contained in the ink are not substantially activated during the
process of priating on to the medium. The image farmed by
the printed ink is transferred from the medium to a final
substrate by the application of heat and pressure for a short
period of time to activate the ink The dye and dispersing/
emulsifying agent(s) are selected from a limited growp to
produce an ink which permits thermal transfer at low energy,
with the resulting image, as deposited on the final substrate,
having an optical density of 1.0 or greater.

21 Claims, 2 Drawing Sheets
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LOW ENERGY HEAT ACTIVATED
TRANSFER PRINTING PROCESS

This application is a continuation-in-part of Sex. No.
08/695,121 filed Aug.1, 1996, which is a continuation-in-
part of Ser. No. 08/565.999, filed Dec. 1, 1995, which is a
continuation-in-part of application Ser. No. 08/207,756 filed
Mar, 8, 1994, U.S. Pat. No. 5,485,614, issued Jan. 30, 1996.
‘This application is a continuation-in-part of Ser. No. 08/506,
894, flsd Jul. 25, 1995, which is a contineation-in-part of
08/299.736, U.S. Pat. No. 4,488,907,

FIELD OF THE INVENTION

This invention relates to printing heat sensitive. dye
diffusion or sublimation inks generally, and is more specifi-
cally related to a method of printing liquid inks comprising
these dyes onto an intermediate transfer shest by means of
an ink jet printer or other printer which uses liquid inks, and
subsequently transferring the printed image from the inter-
mediate shest by the application of heat and pressure.

BACKGROUND OF THE INVENTION

Words and designs are frequently printed onto clothing
and other textile materials, and other objects. The use of
computer technology allows substantially instantaneous
printing of images. For example, video cameras or scanning
may be used to capture an image to a computer. The image
may then be printed by any suitable printing meaas, iaclud-
ing mechanical thermat printers, ink jet printers and laser
printers. These printers will print multiple color images.

Color ink jet peinters are in common use. Color ink jet
printers use combinations of cyan, yellow and magenta inks
or dycs to produce multiple color images. Most ink jet
printers in common use¢ cmploy inks which are in liquid
form.

Heat activated. dye diffusion and sublimation ink solids
change to a gas at about 400° F., and have 2 high affinity for
polyester and other synthetic materials at the activation
temperature, and a limited affinity for most other materials.
Once the bonding from gassification and condensation takes
place, the ink is permanently printed, and is resistant to
change or fading caused by laundry products. heat or light.

Hale. U.S. Pat. Nos. 5,246.518. 5,248,363, 5,302,223, and
5.485.614 and Hale ct al,, U.S. Pat. No, 5,488.907, disclose
the use of printers to produce an image on a medium or
transfer sheet wherein the image is comprised of
sublimation, dye diffusion or other heat activated iuks. The
ink is ot activated during the printing of the medium o
transfer sheet.

Problems are associated with liquid inks prepared from
insoluble dye solids. The arifices or nozzles of most ink jet
printers are not designed for the dispensing of dye solids
contained within & liquid materjal. The orifices of these
printers are typically 5-30 microns in diameter, and clog-
ging of the orifice will occur when ink solids of large particle
size or in high volume are transferred through the arifice.

Further, when the ink solids arc placed into a liquid
carrier, the ink solids tend to scparate from the liguid over
time and fall to the bottom of the ink container. The ink is
typically packaged in a container at a manufacturing facility
for subsequent mounting of the cortainer within the ink jet
printer, meaning that a substantial storage time for the ink
composition exists prior to use. Separation of the liquid and
solids comprising the ink formulation presents problems
with regard to the mechanical operation of the printer and
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the print quality achieved from use of the ink formulation.
Agents which are inclnded withic the ink formulation to
inhibit separation must also inhibit agglomeration of the
solid dye particles, but the agents must not inhibit activation
of the dye during the fina! transfer at elevated temperatures,
by insulating the dye or reacting with the dye, or otherwise.

Accordingly, the production of stable liquid inks from
dyes which are not water soluble is difficult to achieve
without destroying or reducing the properties of the dye
which are required for practicing the process of the inven-
tion. In the prior art, liquid inks have been produced from
dyes that initially have properties suitable for practicing the
process. However, the production of liquid inks from these
dyes changes or masks the required properties, and
therefore, the resulting inks cannot be satisfactorily used to
practioe the process. For example, additives which will
inhibit the dye particles from settling out of the liquid
carrier, ar which will inhibit agglomeration. tend to insulate
the dye particles, meaning that the energy required for
sublimation, diffusion or activation of the dye is elevated to
unacceptable levels for practicing the process. Other addi-
tives which are used in the prior art to produce a liquid ink
from the solid dyes are reactive with the dye. and moedify or
climinate required properties of the dyes. Other “side
effects™ of using these additives incinde undesired color
modification of contamination, bonding with the intermedi-
ate substrate, or optical density on the final substrate which
is inadequate,

‘While certain solvents will dissolve the dyes, the require-
meats of the process makes the use of these solvents
impractical. Drye materials solubilized to the molecular level
have a tendency to bond with fibers, both syathetic and
natural. Accordingly, the dyes cannot be ¢ffectively trans-
ferred from a substrate used as an intermediate transfer sheet
by the application of heat and pressure as required by the
process of the present invention.

SUMMARY QF THE PRESENT INVENTION

This invention is a method of printing a liquid ink which
is produced from sublimation. dye diffusion, or heat sensi-
tive dyes. A printer which uses liquid ink. such as an ink jet
printer, prints the image onto a medium. o intermediate
substrate, which may be paper. The sublimation, dye
diffusion, or heat sensitive dyes (hereinafter collectively
referred to as “heat activated dyes”) contained in the ink are
pot substantially sublimated or activated during the process
of printing on to the medium The image formed by the
printed ink is transferred from the medium to a final sub-
strate by the application of heat and pressure which subli-
mates or activate the ink This thermal transfer step is
achicved at low energy when compared to other sublimation
or activation processes known and used in the art. One of the
goals of the process requires that the thermal transfer occur
by applying heat and pressure for no more than three and
one-half minutes, and preferably less time. In the prior art,
heat at the activation temperature is applied for up to thirty
minutes. Accardingly, as used herein, 2 low energy transfer
is & thermal transfer of the image from the intermediate sheet
to the final substrate by applying a temperature which is ot
higher than 450° E, for no more than three and one-half
minutes, with the resulting image, as deposited on the final
substrate, having an optical density of 1.0 ar greater, as
measured by an X-Rite 418 densitometer in the density
operation mode with background corrections.

The dyes, or perhaps pigments. which are suitable far
practicing the invention are dyes which are capable of low
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energy tragsfer from the medium onto the final substrate to
produce an jmage on the final substrate which is waterfast
and colorfast. After transfer, the dyes arc no longer substan-
tially heat sensitive. Dyes which have these characteristics
are found in various classifications of dyes, including dis-
perse dyes, solvent dyes, basic dyes, acid dyes and vat dyes.
However, none of the dyes which are currently available and
which are suitable for producing a liquid ink for practicing
the invention are soluble in water.

Accordingly, only a relatively smail range of dyes in
combination with a relatively small range of dispersing/
emulsifying agents will produce a stable liguid ink which
will allow the printing method to be practiced. Character-
istics of acceptable dyes and dispersingfemulsifying agents
which will produce a liquid ink with which to practice the
printing method are disclosed herein.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the printing process.

FIG. 2 illustrates an example of 4 design printed by a
printer using the printing process.

FIG. 3 is a diagrammatic Mustration showing exemplary
¢lements of computer and printing systems which could be
used to achieve the printing process.

DETATLED DESCRIFTION OF THE
PREFERRED EMBODIMENT

An image is input into a computer 4. The computer directs
a printer 6 to print the image. Any means of forming the an
image which may be printed from a computer may be used,
including images generated by software. Available computer
design graphic software may be used, or still photography
may be used. The design may be photographic, graphic
artistic, or simply letters or wards. The use of cyan, yellow
and magenta ink compositicns allow the printer to print in
full colar or multi-color designs.

After the image is printed onto the medium, the image
may be permanently transferred by thermal means. Most
commonly, the design will be transfemed anto a textile
substrate. such as a shirt 8, although the imzge may be
transferred onto other materials which act as a substrate,
such as metal. ceramie, wood, or plastic. The design 3,
which is printed onto the medium % without activating the
ink. is placed against the object 8. A temperature which is
sufficient to activate the dye is applied. This temaperature will
typically be around 400° F. This teroperature is applied for
a time sufficient to heat activate and transfer the ink solids
in accordance with the requirements of the invention. A heat
transfer machine 10 may be used to accamplish the transfer
of the inks from the medium to the substrate. Activation, ar
sublimation, of the dye does not take place at the time of
printing the image onto the medium, but occurs during the
transfer from the medium to the substrate. The group of heat
activated dyes from which dyes may be selected for use in
the inventior are dyes which substantially sublimate or
activate at low energy to form an image which has an optical
density value of no less than 1.0, and which is waterfast and
calorfast. Bach of the dyes which comprise this group will
achieve an optical density of 1.25 or greater after activation,
when optical density is measured by an X-Rite 418 densi-
tometer in the density operation mode with background
correction.

The invention requires the dyes to be transferred at low
eoergy (as defined above) after the dyes are formulated into
a liquid ink as described herein and printed onto the medium
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(the “acceptable dyes”). While a larger group of dyes can be
sublimated at low energy, dyes which are not acceptable
cannot be formulated into a liquid ink which retains the
required properties. While most of the acceptable dyes are
disperse dyes, certain other dyes which will perfarm acoord-
ing to the goals of the iavention are included in the group of
acceptable dyes,

In general, the acceptable dyes are not reactive, and do not
have swong polar function groups, such as sulfonate or
carboxyl groups. Reacting the dyes with chemical agents
added to the formuiation in order to form a liquid ink, as is
soretimes doue in the prior art, teads to inhdbit the activa.
tion of the dyes at tow energy, which is contrary to the
present invention. The acceptable dyes have a molecular
weight which is less than 600, and is preferably within a
raage of 200-400. Most of the acceptable dyes are disperse
dyes but certain solvent dyes, vat dyes, basic or cationic dyes
{(such as carbinol base dyes or anthraquinone type dyes
having a quarternary amine), acid dyes, direct dyes, mordant
dyes and oxidizing colors also fall within the group of
acceptable dyes.

The ink formulation prepared according to the inverntion
is a liquid. Dye solids of small particle size are dispersed in
2 liquid carrier, and ore or more agents are used to maintain
what may be called, according to various definitions, a
colloidal. dispersion or emulsion system. The term “emul-
sion” is used herein to describe the system, even though the
system could, in some forms, be called a colloid or a
dispersion.

The heat activated solid dye particles are of small size. Tt
is preferred that the individual solid dye particles have no
dimension which is greater than 0.5 microns.

The solid dye particles are dispersed into the liquid
carrier. The dispersion is narmally achicved by the intro-
duction of a dispersing agent, although mechanical or other
physical means could be used. An emulsifying agent is
intreduced to prevent coagulation or coalescense of the
individual dye particles and to stabilize the system.

As sct forth in the examples, a single agent may be used
as a dispersing and erulsifying agent. Multiple agents may
be used in accordance with the goals of the invention. The
agent or agents stabilize the system, so that the system
remains sufficiently homogenous over time to allow suc-
cessful printing and transfer of the dye according to the
method of the invention. Further, the agent shiclds the
individual particles from the adverse effects of the storage,
transportation and printer environmeats, such as heat. cold
and light. While the agent shields the dye particles while
they are in the liquid system, it does not inhibit low energy
transfer of the dyes in the form of the printed image.

The agents used to disperse and/or emulsify the dye
particles include various dispersant materials, surfactants
(including cationic, anionic, ampheteric, and norionic
surfectants) and polymeric surfactants. Polymeric materials
with dispersing ability, but which are oot surfactants, can
also be used. Bither synthetic of natural materials can be
used. The dispersing/emulsifying agents cach have a
molecular weight which is less than 100,000, and preferably
less than 10.000. Thermal stability of the agents is essential
to prevent decomposition and/or chemical reaction between
the agents and the other compenents in the systems,

As with the dye, to accomplish the printing method of the
invention, the agent(s) do not have active function groups
which will react or crosslink with the medium, or which will
react or crosslink with the dye or pigment in the system,
since such reactions or linkages inhibit the required prop-
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exties of the dye at the time of activation. The agent(s) must
form the emulsion from the finely divided dye particle and
the liquid carrier, but must not materially insulate or other-
wisc materially inhibit the activation of the dye at the time
of final transfer.

Agents having the required properties when used with
some of all of the acceptable dyes include Lignosnlfonate
products such as Marasperse 52CP (Ligaotech), Lignosol
FTA (Lignotech). Lignosol SFX-65 (Lignotech), Maprasp-
erse CBA-1 (Lignotech), Temsperse 5002 (Temfibre, Inc.)
Stepsperse DF series (Stephan Co.), and Weschem NA-4
{Wesco Technologies, LTD), Kraft lignin products such as
Diwatex XP (Lignotech), and Reax 85 (Westvaco), and
oxylignin products such as Marasperse CBOS-6 and
Vanisperse CB.

Other examples of emulsifying agents and dispersants are
alkylaryl polyether alcobol nonionic surfactaats, such as
Triton X series (Octylphenoxypolyethoxyethanol); alky-
lamine ethoxylates nonionic surfactants such as Triton FW
series. Triton CF-10, and Tergitol (Union Carbide
Chemicals); polysorbate products such as Tween (ICI
Chemicals and Polymers); polyalkylene and polyalkylene
modified surfactants. such as Silwet surfactants
(polydimethylsioxane copolymers) and CoatOSil surfac-
tants from OSI Spedalties; alcohol alkoxylates nonionic
surfactants, such as Renex, BRI, and Ukanil; Sorbitan ester
products such as Span and Arlacel; alkoxylated esters/PEG
products, such as Tween, Atlas, Myrj and Cirrascl surfac-
tants from ICI Chemicals and Polymers; unsaturated alcohoi
products such as surfynol series surfactants from Air Prod-
ucts Co., alkyl phospheric acid ester surfactant products,
such as amyl acid phosphate. Chemphos TR421; alkyl
aminc oxide such as Chemoxide series from Chemron
Corporation; anionic sarcosinate surfactants such as Ham-
posyl series from Hampshire Chemical corporation; glycerol
esters ar polyglycol ester nonionic surfactants such Hodag
series from Calgene Chemical, Alphenate (Henkel-Nopco),
Solegal W (Hoechst AG), Emnitex (Auschem SPA); and
polyethylene glycol ether surfactants such as Newkaigen
from Takemoto Ol and Fat Co.

Multiple ageats may be used in corabination to improve
the emulsification of the system and.to stabilize the system,
as long as the agents are not reactive and do not cause
precipitation or otherwise negatively impact upoa the emul-
sification process or the transfer process.

Organic solvents, cosolvents. and/or humectants can also
be used as additional additives. Aliphatic and/or aromatic
alcohols (thioalechols), alkoxylated alcohols (thioalcohols),
halogenated alcchols (thioalcohols) and carboxylated alco-
hols (thicaleohols), including mono-alcokol (thivalcohal),
diol (thiodialcohol), triol (thiotrialcohel) and polyol
(thiopolyalcohol)., aminoxide, diamine, triamine material,
may be used to improve dye dispersibility, solubility and/ar
stability in the final ink composition. Examples of solvent
materials are diethylene glycol, DMSO and dipropylene
glycol.

Other additives can also be introduced into the ink, such
as surfactants. carrosion control agents, foam control agents,
antioxidants, radiation stabilizers. thermal stabilizers, flame
retarding agents, pH control agents, viscosity control agents,
or surface (interfacial) tension control agents can be added
during or after the emulsification process. Other materials,
including dispersants, emulsifying agents. and stabilizers,
may be inciuded in the formulation by means of methods
known in the art.

EXAMPLES

An example of a liquid ink composition usable in an ink
jet printer is as follows:

13

45

35

&0

65

6

Material Weight %
heat sensitive dye(s) 005-2v%
dispersanv/ermbifying agent 0.05-30%
salvent(s)cosolvent(s) 0-45%
lditive(s) 0-15%
water 40-58%
Total 100%:

The heat sensitive dyc may be a red (magenta), blue
(cyan), yellow or brown dye. The dispersant/emulsifying
agent may be a sulfonated lignin such as Marasperse CBA-1.
The additive(s) may be Tergitol 15-5-9, Triton X- 165, Triton
X-405 ar Surfynol 465. The solvents and/or co-solvents may
be dicthiene glycol and/or thioglyco! andior 2-pyrrelidone
andfor 1-rethoxy 2-propancl.

EXAMPLE A

30 grams of finely divided Spirit Blue Base (CAS#68389-
46-8) is mixed with 15 grams of Ultrazine N4 (Lignotech,
USA) and 500 grams of de-ionized water. An ultrasonic
pulverizer is used to disperse the dye into the aqueous phase
for approximately 30 minutes. Two (2.0) grams of Solsperse
27000 (Zenica Colors, USA) is added into the mixture,
which is pulverized for another 10 minutes to achieve a
stable emulsion. The mixture is filtered to remove particles
larger than 0.25 microns. The printing ink for use in the ink
jet printer is formulated from the emulsion as follows:

Mutedial Weight %

Emulsion 370

Glycol 40

L-methoxy-2-propancl 10

Ammonyx LO (1) 20

Trtai 100%
{1} Stepan Co

The resulting ink is printed by the HF 560 Deskjet printer
onto plain copy paper in a dark cyan color. and is transfered
from the paper medium or receiver onto a polyester fabric
substrate by thermal transfer at 400° F. temperature with 40
Ib. pressure applied for 20 seconds. The image as applicd to
the polyester fabric substrate has an optical deasity value of
14-1.5 far the cyan color as read by an X-Rite 418
densitometer.

EXAMFLE B

Twenty (20) grams of Disperse Yellow 9 (CAS#6373-73-
5) is mixed with four (4) grams of Sulfynol 131 (Air
Products) and 5.0 grams of glycerol (CAS#56-81-5) and 480
grams of de-ionized water. The pulverizer is used to disperse
the dye into the aquecus phase for approximately 25 min-
utes. One (1.0) gram of Sulfyno] 104 E (Air Products) is
added to the mixture and pulverized for another 10 minutes
to produce an emulsion. The mixture is filtered to remove
particles larger than .25 microns. The liquid ink for use in
the ink jet printer is formulated as follows:
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Material Weight %
Emulsion 785
Diclhiylene Glycol 20
Thiodiethano] 50
Sulfynol 465 40
1.2-Propandiol 40
DEA 0.5
Towl 100%

The resulting liquid ink is printed by a Canon Bubble Jet
4100 printer onto plain copy paper. The printed image is
thermally transferred from the paper medium to a polyester
textile substrate at 400° F., while applying 40 Ib. pressure for
20 seconds. An intense yellow color having an optical
density of 1.4, as measured by an X-Rite 418 densitometer
with background comection. appears on the substrate.

EXAMPLE C

Twenty-five (25) grams of finely divided Solvent Red 52
(CAS#81-39-0). is mixed with twenty-two (22) grams of
Transferin® N-38 (Boehme Filatex, Inc.) and one hundred
and fifty (150) grams of de-ionized watcr. An ultrasonic
pulverizer is used to finely divide the dye and to disperse and
micronize the solid dye particles into the aqueous phase by
operating the pulverizer for approximately Forty-five (45)
minutes. Five (5) grams of Tergitol™ 15-5-15 (Union
Carbide. USA). Ten (10) grams of 1,4-butanediol, and two
hundred and twenty (220) grams of de-ionized water are
then added into the dispersion and pulverized for an addi-
tional ten (10) minutes. The dispersion is then filtered to
remove solid particulate having a dimension which is larger
than 0.25 microns. A liquid ink is formulated using the
homogenized emulsion as follows:

Component Weight %
Emulsion 850
Tesgitol T 15-35¢1 3997
b-pyrrolidinone 20
L-ethoxy-2-propanc] 60
IPA 30
Kathon ® PPM@ 0.003
Tatal 100

Mnion Carbide, USA

®Robm & Haas Company

The liquid ink is then printed by an Epson Stylus Color
Pro or Epson Stylus Color IIs piezo electric ink jet printer to
form an image on plain copy paper. The image is transferred
from the paper to a polyester fabric substrate by the appli-
cation of pressure and heat at a temperature of 400° F. for 25
seconds. The image as transferred has an optical density of
1.45 for the magenta color, as measured by an X-Rite 418
densitometer with background correction.

What is claired is:

1. A metbod of printing using heat activated dye solids by
means of 2 printer which uses liquid ink, comprising the
steps of:

A, preparing a liquid ink formulation comprising a heat
activated dye, a liquid camrier, and a sulfonated lignin
agent which disperses said heat activated dye into said
liquid carrier. wherein said sulfonated lignin agent does
not substantially increase the activation energy
required to activate said heat activated dye after said
heat activated dye is printed onto a medium;
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b. supplying a printer with said liquid ink formulation;

¢. printing said liquid ink formirlation by means of said
printer to form an image on a medium without mate-
rially activating the heat activated dye; and

d. transferring said image from said medium to a substrate
on which the image is to appear by the application of
heat apd pressure at a temperature which s sufficient to
activate the heat activated dye, 50 as to cause the heat
activated dye to transfer on to said substrate.

2. Amethod of printing using heat activated dye solids by
means of a printer which uses liquid ink, as described in
clairn 1, wherein said heat activated dye is not reactive with
said sutfonated lignin agent or said liquid carrier.

3. Amethod of printing using heat activated dye solids by
means of a printer which uses liquid ink. as described in
claim 1, wherein said heat activated dye is substantially
insoluble in said liquid carrier.

4. Amcthod of printing using heat activated dye solids by
means of a printer which uses liguid ink. as described in
claim 1, wherein said ink formulation further comprises at
least one solvent.

5. Amethod of printing using heat activated dye solids by
means of a printer which uses liquid ink as descxibed in
claim 1. wherein said sulfonated lLignin agent shiclds said
heat sctivated dye but dces not substantially increase the
activation energy required to activate said heat activated dye
after said heat activated dye is printed on to said medinm.

6. A method of printing using heat activated dye solids by
means of a printer which uses liquid ink as described in
claim 1, wherein said heat activated dye has a molecular
weight in the range of 200 to 400.

7. A method of printing using beat activated dye solids by
means of a printer which uses liquid ink as described in
claitn I, wherein said heat activated dye is comprised of
individual particies of said heat activated dye, and wherein
said individual particles of said heat activated dye do not
have a dimension which is greater than 0.5 microns.

8. A method of printing using heat activated dye solids by
means of a printer which uses liquid ink, comprising the
steps of:

a. preparing a liquid ink formulation comprising a heat
activated dye, a liquid carrier, a sulfonated lignin agent
and a surfactant, wherein said sulfonated Lignin agent
and said surfactant disperse said heat activated dye into
said liquid carrier and form ap cmulsion from said heat
activated dye and said liquid carrier, and wherein said
sulfonated lignin agent and said surfactant do not
substantially increase the activation cnergy required to
activate said heat activated dye after said heat activated
dye is printed onto a medium;

b. supplying a printer with said liquid ink formulation;

c. printing said liquid ink formulation by means of said
printer to form an image on a medium without mate-
rially activating the heat activated dye; and

d. transferring said image from said medium to a substrate
op which the image is to appear by the application of
heat and pressure at a temperatire which is sufficient to
activate the heat activated dye. 50 as to cause the heat
activated dye to transfer on to said substrate,

9. A method of printing using heat activated dye solids by
means of a printer which uses liquid ink, as described in
claim 8. wherein said heat activated dye is not reactive with
said sulfonated ligain agent or said liquid carrier

10. A method of printing using heat activated dye solids
by means of a printar which uses liquid ink. as deseribed in
claim B, wherein said heat activated dye is substandally
insoluble in said liquid carrier.



Case 3:00-cv-00386-L-NLS Document 1 Filed 02/24/00 Page 52 of 83

5,640,180

9

11 A method of printing nsing heat activated dye solids
by means of a printer which uses liquid ink, as described in
claim 8, wherein said ink formnlation farther comprises at
least one solvent.

12. A method of printing using heat activated dye solids
by means of a printer which uses liquid ink as described in
claim 8, wherein said surfactant shields said heat activated
dye but doss not substantially increase the activation energy
required to activate said heat activated dye after said heat
activated dye is printed on to said medivm.

13. A method of printing using heat activated dye solids
by means of a prinfer which uses liquid ink as described in
claim 8. wherein said heat activated dye has a molecular
weight in the range of 200 to 400.

14. A method of printing using heat activated dye solids
by means of a printer which uses liquid ink as described in
claim 8, whereip said heat activated dye is comprised of
individual particles of said heat activated dye, and wherein
said individual particles of said heat activated dye do nat
have a dimension which is greater than 0.5 microns.

15. A method of printing using heat activated dye solids
by means of a printer which uses liquid ink, comprising the
steps of:

a, prepaxing a liquid ink formulation comprising a heat
activated dye, a liquid carrier, and a suifonsted lignin
agent which disperses said heat activated dye into said
liquid carrier, wherein said sulfonated lignin agent does
oot substantially increase the activation energy
required to activate said heat activated dye after sajd
heat activated dye is printed onto a medium;

b. supplying a printer with said liquid ink formulation;

c. printing said liquid ink formulation by means of said
printer to form an image on a medium without mate-
rially activating the heat activated dye; and

s
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d. subsequently activating said heat activated dye by the
application of heat and pressure to said heat activated
dye at a temperature which is sufficient to activate the
heat activated dye.

16. A method of prigting using heat activated dye solids
by means of » printer which uses liquid ink, as described in
claim 15, wherein said heat activated dye is not reactive with
sald sulfonsted lignin agent ar said liquid carrier.

17. A method of printing using heat activated dye solids
by means of a prister which uses liquid ink, as described in
claim 15, wherein said heat activated dye is substantially
insoluble in said liquid carrier.

18, A method of printing using heat activated dye solids
by means of a printer which uses liquid ink, as described in
claim IS, wherein said ink formniation further comprises at
least one solvent.

19. A method of printing using heat activated dye solids
by means of a printer which uses liquid ink as described in
claim 15, wherein said sulfonated lignin agent shields said
heat activated dye but does not substantially increase the
activation energy required to activate said heat activated dye
after said heat activated dye is printed on to said medium.

20. A method of printing using heat activated dye solids
by means of a printer which uses liquid ink as described in
claim 15, wherein said heat activated dye has a molecular
weight in the range of 200 to 400.

21. A method of printing vsing heat activated dye solids
by means of a printer which uses liquid ink as described in
claim 15, whercin said heat activated dye is comprised of
individual particles of said heat activated dye, and wherein
said individual particles of said heat activated dye do not
have a dimension which is greater than 0.5 microns.
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LOW ENERGY HEAT ACTIVATED
TRANSFER PRINTING PROCESS

This application is a continnation-in-part of Ser. No.
08/565,999, flled Dec. 1, 1995, which is a continuation-in-
part of application Ser. No. 08/207,756 filed Mar. 8, 1994,
U.S. Pat. No. 5,485,614, issued Jan, 30, 1996; This appli-
cation iy a continuation-in-part of Ser. No, 08/506,896, filed
Jul 26, 1995, now U.S, Pat. No. 5,568,805 which is a
contiguation-in-part of Ser. No. 08/299,736, filed Sep. 1,
1994, U.S. Pat No, 5,499,907.

FIELD OF THE INVENTION

This invention relates to printing heat sensitive, dye
diffnsion ar sublimation inks generally, and is more specifi-
cally related to & method of grinting liquid inks comprising
these dyes onto an intermediate transfer sheet by means of
an ink jet printer or other printer which uses liquid inks, and
subsequently transferring the printed image from the inter-
mediate sheet by the application of heat and pressure.

BACKGROUND OF THE INVENTION

Words and designs arc frequently printed onto clothing
and other textile materials, and other objects. The use of
computer technology allows substantially instantaneous
printing of images. For example, video cameras or scannieg
may be used to capture an image to a computer. The image
may then be printed by any suitable printing means, includ-
ing mechanjcal thermal printers, ink jet printers and laser
printers. These printers will print multiple color tmages.

Color ink jet printers are in common use, Color ink jet
printers use combinations of cyan, yellow and magenta inks
or dyes to produce multiple color images, Most ink jet
printers in common use employ inks which are in liquid
form.

Heat activated, dye diffusion and sublimation ink solids
change to a gas at about 400° E,, and have a high affinity for
polyester and other synthetic materials at the activation
temperature, and a limited affinity for most other materials.
Once the bonding from gassification and condensation takes
place, the ink is permanentfy printed, and is resistant to
change or fading caused by laundry products, heat or light.

Hale., U.S. Pat. Nos. 5,246,518, 5248363, 5302223,
and 5,485,614 and Hale et al, U.S. Pat. No. 5,488,907,
disclose the use of printers to produce an image on a medium
or transfer sheet wherein the image is comprised of
tublimation, dys diffusion or other heat activated inks. The
ink is not activated during the printing of the medium or
transfer sheet.

Probiems are associated with liquid inks prepared from
insofuble dye solids. The arifices ar nozzles of most ink jet
printers are not designed for the dispensing of dye solids
contained withiz a liquid material The arfices of these
printers are typically $-30 microns in diameter, and clog-
ging of the orifice will occur when ink solids of large particle
size or in high volume are trensferred through the orifice.,

Further, when the ink solids arc placed into a liquid
carrier, the ink solids tend to separate from the Liquid over
time and fall to the bottom of the ink container, The ink is
typically packaged in a contsiner at a megufscturing facility
far subsequent mounting of the container within the ink jet
printer, mexning that a substantial storage dme for the ink
composition exists prior to use. Separation of the liquid and
solids comprising the ink formulation peesents problems
with regard 1o the mechanical operation of the printer and
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the print quality achieved from use of the ink fonnulstion.
Agents which are included within the ink formulation o
inhihit scparation must also inhibit agglomeration of the
solid dye particles, but the agents most not {uhihit activation
of the dye during the final transfer at elevated tempeaatines,
by insulating the dye or reacting with the dye, or otherwise.

Accordingly, the production of stable liquid inks from
dyes which are not water soluble is difficult to achieve
without destroying ar reducing the propesties of the dye
which are required for practicing the process of the ipven-
tion. In the prior art, liquid inks have been produced from
dyes that initially have properties suitable for practicing the
process. However, the production of liquid inks from these
dyes changes or masks the required properties, and
therefare, the resulting inks cannct be satisfactorily used to
practice the process. For example, additives which will
inhibit the dye particles from settling out of the liquid
carrier, or which will inhibit agglomeration, tend to insulate
the dye particies, meaning that the energy required for
sublimation, diffusion or activation of the dye is elevated to
unacceptable levels for practicing the process. Other addi-
tives which are used in the prior art to produce a liquid ink
from the solid dyes are reactive with the dye, and modify or
eliminate required properties of the dyes. Other “side
effects” of using these additives include undesired color
modification or contamination, bonding with the intermedi-
ate substrate, or optical density oo the final substrate which
is inadequate.

While certain solvents will dissolve the dyes, the require-
ments of the process makes the use of these solvents
impracticat. Dye materials solubilized to the molecaisr level
have a tendency to bond with fibers, both synthetic and
natural. Accordingly, the dyes cannot be effectively trans-
ferred from a substrate used as an intermediate transfer sheet
by the application of heat and pressure as rcqmred by the
process of the present invention.

SUMMARY OF THE PRESENT INVENTION

This {nvention is a method of printing a liquid ink which
is produced from sublimation, dye diffusion, or heat sensi-
tive dyes. A printer which tses liquid ink, such as an ink jet
priater, prints the image onto & medium, or intermediate
substrate, which may be paper. The sublimation, dye
diffusion, or heat semsitive dyes (hercinafter collectively
teferred to as “heat activated dyes™) contained in the ink are
not substantially sublimated or activaied during the process
of prioting on to the medium. The image formed by the
printed ink is transferred from the medium to a final sub-
strate by the application of heat and pressure which subli-
mates ar activate the ink. This thermal wansfer step Is
achieved at low energy when compared to other sublimation
or activation processes knowr and used in the art. One of the
goals of the process requires that the thermal transfer occur
by applying heat and pressure for no more than three and
one-half minuntes, and preferably less time. In the pricr art,
heat at the activation temperature is applied for up to thirty
minutes. Accordingly, as used bezein, 2 low enargy transfer
is a thermal transfer of the image from the intermediate sheet
to the final substrate by applying a temperature which is not
higher than 450° B, for no more than three and ove-half
minutes, with the resulting image as deposited on the final
sabstrate, having an optical dessity of 1.0 o greater, as
measured by an X-Rite 418 densitometer jn the density
operation mode with background corrections.

The dyes, or perhaps pigments, which are suitable for
practicing the invention are dyes which are capable of low
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energy transfer from the medium onto the fioal substrate to
produce an image on the final substrate which is wategfast
and colocfast. After transfer, the dyes are no longer substan-
tally heat sensitive. Dyes which have these characteristics
are found in various dassifications of dyes, including dis-
perse dyes, solvent dyes, basic dyes, acid dyes and vat dyes.
However, none of the dyes which are currently available and
which are sultable for producing a liquid ink for practicing
the invention are solubie in water.

Accordingly, only a refatively small range of dyes in
combination with & relatively small range of dispersing/
emulsifying agents will produce a stable liquid ink which
will allow the printing method to be practiced. Character-
istics of acceptable dyes and dispersing/emulsifying agents
which will produce a liquid iak with which to practice the
peinting method are disclosed herein.

DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram showing the printing process.

FIG. 2 iltustrates an example of a design printed by a
printer using the printing process.

FIG. 3 is a diagrammatic illustration showing cxemplary
clements of computer and printing systems which could be
used to achicve the printing process.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

Aun image is input into a computer 4. The computer directs
4 prifter 6 to print the image. Ary means of forming the an
image which may be printed from a computer may be used,
including images generated by software. Available computer
degign graphic software may be used, or still photography
may be used. The design may be photographic, graphic
artistic, or simply letters or words. The use of cyan, yellow
and magenta ink compositions allow the printer to print in
full color ar multi-color designs.

After the image is printed onto the medium, the image
may be permanently transferred by thermal meaas. Most
commonly, the design will be transfemred onto & textile
substrate, such as a shirt 8, although the image may be
transferred onto other materials which act as a substrate,
such as metal, ceramic, wood, aor plastic. The design 3,
which is printed onto the medium 9 without activating the
ink, is placed against the object 8, A temperature which is
sufficient to activate the dye is applied. This temperature will
typically be around 400° F, This temperature s applied for
a time sufficient to heat activate and transfer the ink solids
in accordance with the requirements of the invention, A heat
transfer machine 10 may be used to accomplish the transfer
of the inks from the medium to the substrate. Activation, or
sublimation, of the dyc does not take place at the time of
xinting the image onto the medium, bat occuss daring the
transfer from the medium to the substrate. The group of heat
activated dyes from which dyes may be selected for use in
the invention are dyes which substantially sublimate o
activate at low energy to farm an image which has an optical
density value of no less than 1.0, and which is watezfast and
colorfast, Bach of the dyes which comprise this group will
achicve an optical density of 1.25 or greater after activation,
when optical deusity is measured by an X-Rite 418 densi-
tometer ia the density operation mode with background
comection.

The invention requires the dyes to be ransferred at low
energy (as defined above) after the dyes are formniated into
a liquid ink as described herein and printed onto the medium
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(the “acceptable dyes™). While a larger group of dyes can be
sublirnated at Jow encrgy, dyes which arc not acceptable
cannot be farmulated into a liquid ink which retains the
required properties. While most of the acceptable dyes are
disperse dyes, certain other dyes which will perfarm accord-
ing to the goals of the Invention are included in the group of
acceplable dyes.

In general, the acceptable dyes are not reactive, and do not
bave strong polar function grouwps, such as sulfonate or
carboxyl groups. Reacting the dyes with chemical agents
added to the formulation in crder to form a liquid ink, as is
sometimes done in the prior art, tends to inhibit the activa-
tion of the dyes at low energy, which is contrary to the
present invention. The acceptable dyes have a molecular
weight which is less than 600, and is preferahly within a
range of 200-400. Most of the acceptable dyes are disperse
dyes but certain solvent dyes, vat dyes, basic or cationic dyes
(such as carbinol base dyes or anthraquinone type dyes
having a quarternary amine), acid dyes, direct dyes, mordant
dyes and oxidizing colors also fell within the group of
acceptable dyes.

The ink farmulation prepared according to the invention
is a liquid. Dye solids of small paricle size are dipsersed in
a liquid carrier, and one of more agents are used to maintain
what may be called, according to various definitions, a
collodial, dispersion or emulsion system. The term “exmi-
sion” is used herein to deseribe the system, even though the
system could, in some forms, be called a colloid or a
dispersion.

The heat activated solid dye particles are of small size. It
is preferred that the individual solid dyc particles have no
dimension which is greater than (0.5 microns.

The solid dye particles are dispersed into the liquid
carrier. The dispersion is normally achieved by the intro-
duction of a dispersing agent, although mechanical or other
physical means could be used. An emulsifying agent is
introduced to prevent coagulation or coalescense of the
individual dye particles and to stabilize the system.

As set forth in the examples, a single agent may be used
as a dispersing and emulsifying agent. Multiple agents may
be used in accordance with the goals of the invention. The
agent or agents stabilize the system, so that the system
remains sufficicntly homogenouns over time to allow suc-
cessful printing and transfer of the dye accerding to the
method of the invention. Further, the agent shields the
individual particles from the adverse effects of the storage,
transportation and printer environtuents, such as heat, cold
and light, While the agent shiclds the dye particles while
they are in the liquid system, it does not inhibit low energy
transfer of the dyes in the form of the printed image.

The agents used to disperse and or emulsify the dye
particles irclude various dispersant materials, surfactants
(including catiosic, aniomic, amphoteric, and nonjonic
suffactants) and polymeric surfactants Polymeric materials
with dispersing ability, but which are not surfactants, can
also be used Either synthetic or natural materials can be
used. The dispersing/emulsifying agents cach have a
molecular weight which is less than 100,000, and preferably
less thap 10,000. Thermal stability of the ageats is essential
to prevent decomposition and/or chemical reaction between
the agents and the other components in the systems.

As with the dye, to accomplish the printing method of the
invention, the ageny(s) do not have active function groups
which will react or crosslink with the medium, or which will
react or crosslink with the dye or pigment in the system,
since such reactions or linkages inhibit the required prop-
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erties of the dye at the time of activatjon. The agent(s) mast
form the emulsion from the finely divided dye particle and
the liquid carrier, but must not materfally insulate or other-
wise materiajly inhibit the activation of the dye at the time
of final transfer.

Ageats having the required propertics when used with
some or all of the acceptable dyes inciude Lignosulfonate
producis such as Marasperse 52CP (Lignotech), Lignosol
FTA (Liguotech), Lignosol SFX-65 (Lignotech), Maprasp-

erse CBA-1 (Lignotech), Temsperse S002 (Temfibre, Inc.) |

Stepsperse DF series (Stephan Co.), and Weschem NA-4
(Wesco Technologics, LTD), Kraft lignin products such as
Diwatex XP (Lignotech), and Reax 85 (Westvaco), and
oxylignin products such as Marasperse CBOS-6 and

Other examples of emulsifying agents and dispersants are
alkylaryl polyether alcohol nomionic surfactants, such as
Triton X segies (Octylphenoxypolyethoxyethanol); alky-
lamine ethoxylates nonionic surfactants such as Triton FW
series, Triton CF-10, and Tergitol (Usion Carbide
Chemicals); polysorbate products such as Tween (ICT
Chemicals and Polymers); polyalkylene and polyalkyicne
modificd surfactants, such as Silwet surfactants
(polydimethylsioxane copolymers) and CoatOSil surfac-
tants fromn OSI Spedalties; alcohol alkoxylates nonicnic
sarfactants, such as Renex, BRI, and Ukanil; Sorbitan ester
products such as Span and Arlacel; alkoxylated esters/PEG
moducts, such as Tween, Atlas, Myrj and Cirrasol surfac-
tants from ICT Chemicals and Polymers; unsaturated alcohol
products such as sarfynol series surfactants from Air Prod-
ucts Co., alkyl phospharic acid ester surfactant products,
such as amyl acid phosphate, Chemphos TR-421; alkyl
amine oxide such as Chemoxide series from Chemron
Carporation; anionic sarcosinate surfactants such as Ham-
posyl series from Hampshire Chemical corparation; glycerol
esters or polyglycol ester nonionic surfactaats such Hodsg
series from Calgene Chemical, Alphenate (Henkel-Nopco),
Solegal W (Hoechst AG), Emultex (Auschem SPA); and
polycthylene glycal ether sarfactants such as Newkalgen
from Takemoto Qil and Fat Co.

Multiple agents may be used in combination to improve
the emulsification of the system and to stabilize the system,
as long as the agents are not reactive and do not cause
precipitation or otherwise negatively impact upon the emal-
sification process ar the transfer process.

Organic solvents, cosolvents, and/or humectasts can also
be used as additional additives. Aliphatic and/or aromatic
slcohals (thicalcohols}, alkoxylated alcohols (thicalcohols),
halogenated alcohols {thioalcohols) and carboxylated alco-
hols (thicaloohols), including mono-alcohol (thisalcohel),
diol (thiodialcohol), tricl (thiotrialcohcl) and polyol
(thiopelyalcohol), aminoxide, diamine, triamine materiad,
may be used to improve dye dispersibility, solubility and/ac
stability in the final ink composition. Examples of solvent
materials are diethylene glycol, DMSO and dipropylene
glycol.

Other additives can also be introduced into the ink, such
as surfactants, corrosion control agents, foam control agents,
antioxidants, radiation stabilizers, thermal stabilizers, flame
retarding agents, pH control agents, viscosity control agents,
or surface (interfacial) tension control ageats can be added
during or after the emulsification process. Other materials,
including dispersants, emulsifying agents, and stabilizers,
may be included in the formulation by means of methods
known in the art.
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An example of a liquid ink composition ussble in an ink
jet priuter is as follows:

Maierial Weight %
bext senmitive dyw(s) 0.405-20%

ifyi 0.03-30%
obveni(aycombrent(s) 045%
acditive(s) 0-15%
wxter 40-98%
Total 100%

EXAMPLES

Example 1

30 grams of finely divided Spirit Blue Base (CAS#
68389-46-3) is mixed with 15 grams of Ulrazine NA
(Lignotech, USA) and 500 grams of de-ionized water. An
ultrasonic pulverizer is used to disperse the dye into the
aqueous phase for approximately 30 minutes. Two (2.0)
grams of Soisperse 27000 (Zznica Colors, USA) is added
into the mixture, which is pulverized for another 10 minutes
to achieve a stable emulsion. The mixture is filtered to
remove particles larger than 0.25 microns. The printing ink
for use in the ink jet printer is formulated from the emulsion
as follows:

Weight %

§7.0
40
70

Glyeal
1-methaxy-2-propanc]
Ammonyx LO (1)

Total 100%

{1). Skpan Co

The resulting ink is printed by the HP 560 Deskjet printer
onto plain copy paper in a dark cyan eolor, and is transferred
from the paper medium or receiver onto a polyester fatric
substrate by thermal transfer at 400° F. temperature with 40
1b. pressure applied for 20 scconds. The image as applied to
the polyester fabric substrate has an optical density value of
1.4-1.5 for the cyan color as read by an X-Rite 418
depsitometer.

Example 2

Tweaty (20) grams of Disperse Yellow 9 (CAS# 6373-
73-5) is mixed with four (4) grams of Sulfynol 131 (Air
Products) and 5.0 grams of glycerol (CAS# 56-81-5) and
480 grams of de-ionized water. The pulverizer is used to
disperse the dye into the aqueous phase for approximately
25 minutes. One (1.0) gram of Sulfyaot 104 E (Air Products)
is added to the mixture and pulverized for another 10
rainutes to produce an emulsion. The mixture is filtered to
remove particles Larger than 0.25 microns. The Haquid ink for
use in the ink jet peinter is farmulated as follows:

Maerisl

Brpbice
Diethylene Glycol
Thiodiethanol

Sulfynol 465

Weight %
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-continaed
Matarial Weight %
1-2Propandicl 40
DR as_
Toul 100%

The resulting liquid ink is printed by a Canon Bubble Jet
4100 priater onto plain copy paper. The printed image is
thermally transferred from the paper medium to a polyester
textile substrats at 400° F., while applying 40 Ib. pressure for
20 seconds. An intense yellow color having an optical
density of 1.4, as measured by an X-Rite 418 densitometer
with background comection, appears on the substrate.

Example 3

Twenty-five (25) grams of finely divided Solvent Red 52
(CASH# 81-39-0), is mixed with twenty-two (22) grams of
Transferin® N-38 (Bochme Filatex, Inc.) and oge hundred
and fifty (150) grams of de-ionized water. An ultrasonic
pulverizer is used to finely divide the dye and to disperse and
micronize the solid dye particles into the aquecus phase by
operating the palverizer for approximately Forty-five (45)
minutes. Five (5) grams of Tergitol™ 15-S-15 (Unicn
Carbide, USA), Ten (10) grams of 1,4-butane<iol, and two
hundred and twenty {220) grams of de-ionized water are
then added into the dispersion and pulverized for an addi-
tional ten (10) minutes. The dispersion is then filtered to
remove solid particulate having a dimension which is lager
than 0.25 microns. A liquid ink is formulated using the
homogenized emulsion as follows:

Component Weight %
Emmlsion 850
Tergitol ™ 15-5-5¢ 3997
1pyrrolidinons 0
1-ethoxy-2-propencl 60
TPA 30
Eathon & PFM™ 0003
Total 100
MInioa-Carbide, USA
@Robm & Haas Company

The Liquid ink is then printed by an Epson Stylus Color
Pro or Epson Stylns Color IIs piezo electric ink jet printer to
form an image on plain copy paper. The image is transferred
from the paper to a polyester fabric substrate by the appli-
cation of preasure and heat at a temperature of 400° F. for 25
seconds. The image as transferred has an optical density of
1.45 for the magenta color, as measured by an X-Rite 418
densitometer with background correction.

What is claimed is:

1. A method of printing dye by means of a printer which
uses liquid ink, comprising the steps of:

1. preparing a liquid ink formnlation comprising a heat
activated dye, a liquid carrier, and at least onc agent
which disperses and enmlsifies said heat activated dye,
wherein said hest activated dye activates upon the
application of heat at or greater than the activation
temperature for 210 seconds of less, and wherein said
at least one agent does not substantially increase the
activation energy required to activate said heat acti-
vated dye after said heat activated dye is printed oato
a medium;
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8
b. supplying a printer with said liquid ink formulation;
c. printing said liquid ink formulation by means of said
printer to form an image on a medium without mate-
rially activating the heat activated dye; and

d. transferring said image from said mediom to a substrate

on which the fmage is to appear by the application of
heat and pressure at a temperature which is safficient to
activate the heat activated dye for 210 seconds or less,
50 as to cause the heat activated dye to transfer on to
sald substrate.

2. Amethod of printing using heat activated dye solids by
means of a printer which uses liquid ink, as described in
claim 1, wherein said heat activated dye is not reactive with
said at least one agent and said Hquid camrier

3. A method of printing using heat activated dye solids by
means of a printer which uses lignid ink, as deseribed in
claim 1, wherein said heat activated dye is substantially
insoluble in said liquid carrier.

4. A method of printing using heat activated dye solids by
means of a printer which uses liquid ink as described in
claim 1, wherein said at least one agent shields said heat
activated dye but does not substantially increass the activa-
tion energy required to activate said heat activated dye after
said heat activated dye is printed on to said medium.

5. Amethod of printing using heat activated dye solids by
means of a printer which uses liquid ink as described in
claim 1, wherein said heat activated dye has a molecular
weight in the range of 200 to 400.

6. A method of printing using heat activated dye solids by
means of a printer which uses liquid ink, as described in
claim 1, wherein said heat activated dye is not reactive with
said at least one agent and said liquid casier.

7. A method of printing using heat activated dye solids by
means of a printer which uses liquid ink, as described in
claim 1, wherein said at least one agent is not reactive with
said heat activated dye and does not react with said medium
and does not link with said medinm.

8. A method of printing using heat activated dye solids by
means of a printer which uses liquid ink, as described in
claim 1, wherein said heat activated dye is comprised of
individual particles of said heat activated dye, and wherein
said individual particles of said heat activated dye do not
have a dimension which is greater than 0.5 microns.

9. A method of printing using heat activated dye solids by
means of a printer which uses liquid ink according to the
method of claim 1, further comprising the steps of: preparing
a second liquid ink formulation comprising a heat activated
dye of a second color, a liquid carrier, and at least one agent
which disperses and emulsifies said heat activated dye of a
second color, wherein said heat activated dye of a seoond
color activates upon the application of heat at or greater than
the activation temperature for 210 seconds ar less, and
wherein said a least ome agent docs pot substantially
increase the activation energy required to activate said heat
activated dye of a second color after said heat activated dye
of a second calor is printed onto a medium; preparing a third
liquid ink formulation comprising a heat activated dye of a
third color, a lquid carrier, and at least one agent which
disperses and emulsifies szid heat activated dye of a third
color, wherein said heat activated dye of a third color
activates upon the application of heat at or greater than the
actitvation temperature for 210 seconds or less, and wherein
said at least one agent does not substantiaily increase the
activation energy required to activate said heat activated dyc
of a third color after said heat activated dye of a third color
is printed ontc a medium; supplying said printer with said
second liquid ink formulation and said third liquid ink
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formulztion; printing said second liquid ink formulation and
said third liquid ink formulstion by means of said printer
along with said liquid ink formulation to form said image in
multiple colars on said medinm without materially activat-
ing said heat activated dye, said heat activated dye of &
second calar or sajd heat activated dye of a third color.

10. A method of printing a design by means of a compater
driven printer using heat activated dye solids, comprising
the steps of;

a. peparing an ink formulation comprising 2 heat acti-
vated dye, a liquid carrier, and at least cne agent which
disperses sald heat activated dye in said liqnid carrier
and forms an emulsion from said heat activated dye and
said liquid camier, wherein said heat activated dye
activates at an activation energy of not greater than
450° F. applied for not more than 210 seconds, and
wherein said at least one agent does not substantially
increase the activation energy required to activate sajd
heat activated dye after said heat activated dye is
printed on to 2 medium, and wherein said heat activated
dye is a solid and is substantially insoluble in said
liquid carrier;

b. supplying a printer with said liquid ink formulation;

c. printing sald liquid ink formnlation by means of said
printer to form an image on 2 medium without mate-
rially activating the heat activated dye; and

d. transferring said image by thermal means from said
medium to a substrate on which the image is to appear
at a temperature of not greater thae 450° F. applied with
pressure for not more than 210 seconds, 5o as to cause
the heat activated dye to transfer onto said substrate.

11. A method of printing using heat activated dye solids
by means of a printer which uses liquid ink as described in
claim 10, wherein said at least one agent shields said heat
activated dye but does not substantially increase the activa-
tion energy required to activate said heat activated dye after
said heat activated dye is printed or to said medium.

12. A method of printing using heat activated dye solids
by means of a printer which uses liquid ink as described in
clam 19, wherein said heat activated dye has a molecular
weight in the range of 200 to 400.

13. A method of printing using heat activated dye solids
by means of a printer which uses liquid ink, as described in
claim 10, wherein said heat activated dye is not reactive with
said at least one agent and said liquid carrier.

14. A method of printing using heat activated dye solids
by means of a printer which uses liquid ink, as described in
claim 10, wherein said at least one agent is not reactive with
said heat activated dys and does not react with said medinm
and does not link with said medium.

15. A method of printing using heat activated dye solids
by means of a printer which uses liquid ink, as described in
claim 10, wherein said heat activated dye is comprised of
individual particles of said heat activated dye, and wherein
said individual particles of said heat activated dye do not
have a dimension which is greater than 0.5 microns.

16, A method of printing using heat activated dye solids
by means of a printer which uses liquid ink, scconding to the
method of claim 10, further comprising the steps of: pre-
paring a second liquid ink formulation comprising a heat
activated dye of a second colar, a liquid carrier, and at least
on¢ agent which forms an emulsion from said heat activated
dye of a second color and said liquid carrier, wherein sald
heat activated dye of a second colar activates at an activation

L
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vate sajd heat activated dyc of a second color after said heat
activated dye of a second colar is printed on to a medium,
and wherein said heat activated dye of a second color is a
solid and is substantially insaluble in said liquid carrier;
preparing a third liquid ink formmiation comprising a heat
activated dye of a third color, a liquid camrier, and 2t least one
agent which forms an emulsion from said heat activated dye
of a third color and said lquid carrier, whereln said heat
activated dye of a third color activates at an activation
encrgy of not greater than 450° F, applied for not more than
210 seconds, and wherein said at least one agent does not
substantially increase the activation energy required to acti-
vate said heat activated dye of a third colar after said heat
activated dye of a third color is printed on to a meditm, and
witerein said heat activated dye of a third color is a solid and
is substantially insoluble in said liquid carrier; supplying
said printer with said second liquid ink formulation and said
third liquid ink formulation; printing said second liquid ink
formulation and said third liquid ink formulation by means
of said printer along with said tiquid ink fermulation to form
said jmage in monltiple colors on said medium without
materially activating said heat activated dye, said heat
activated dye of a second color or said heat activated dye of
a third color.

17. Amethod of printing a design by means of a computer
driven printer using heat activated dyc solids, comprising
the steps of:

a. preparing an ink formnlation comprising & heat acti-
vated dye, a liquid carrier, and at least one agent which
disperses said heat activated dye in said liquid carier
and forms an emulsion from said heat activated dye and
said liquid camier, wherein said heat activated dye
activates at an activation energy of not greater than
450° F. applied for not more than 210 sccouds, and
wherein said at least one agent does not substantially
increase the activation energy required to activate said
heat activated dye after said heat activated dyc is
printed onto a medium, and wherein said heat activated
dye is 2 solid and is substantially insoluble in said
lquid carrier;

b. supplying 2 printer with said ink formulation;

<. printing said liquid ink formalation by means of said
printer to form an image on a medium without mate-
rlally activating the heat activated dyc; and

d. transfaring said image by thermal means from said
medium 1o a substrate on which the image is to appear
at a temperamre which is not greater than 450° F.
applied with pressure for not more than 210 seconds, so
as to cayse the heat activated dye to transfer onto said
substrate in the form of said image, wherein said image
as transferred on to the substrate has an optical density
of 1.0 or greater, as measured by an X-Rite 418
densitometer in the density operation mode with back-
ground corections.

18. A method of printing vsing heat activated dye solids

35 by means of a printer which uses liquid ink as described in

claim 17, wherein said at least one agent shields said heat
activated dye but does rot substagtially iocrease the activa-
tion energy required to activate said heat activated dye after
said heat activated dye is printed on to said mediom.

60 19, A method of printing using heat activated dye solids

by means of a printer which uses liquid ink as described in
claim 17, whereln said heat activated dye has a molecular
weight in the range of 200 to 400.

20. A method of printing using heat activated dye solids

enctgy of not greater than 450° F. applied for not more than 65 by means of a printer which nses liquid ink, as described in

210 seconds, and wherein said at least ope agent does not
substantialty increase the activation cnergy required to acti-

claim 17, wherein sald heat activated dye is not reactive with
said at least one agent and said liquid camier.
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21. A method of printing using heat activated dye solids
by means of a printer which uzes liquid ink, as described in
cleim 17, wherein seid at least one agent is not ractive with
said heat activated dye and does not react with said medium
and doss not link with said medium.

22 A method of printing naing heat activated dye solids
by means of a printer which uses liquid ink, as desceibed in
claim 17, wherein said heat activated dye is comprised of
individoal paticles of said heat activated dye, and wherein
said individual pasticles of said heat activated dye do oot
have a dimension which is greater than 0.5 microns.

23, A method of printing using heat activated dye solids
by means of a priater which uses fiquid ink, according to the
method of claim 17, further compising the steps of: pre-
pariag a sccond liquid ink formulation comprising a heat
activated dye of a second calar, a liquid carrier, and at least
onc agent which farms an emulsion from said heat activated
dye of a second color and said Hquid camier, wherein said
heat activated dye of a second calor activates at an activation
energy of not greater than 450° F. applied for not mare than
210 seconds, and wherein said at least one agent does not
substantially increase the activation energy required to acti-
vate said heat activated dye of a second color after said heat
activated dye of a second color is printed on to a medium,

5
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-and wherein said heat activated dye of a second color is a

solid and is substantially insoluble in said liquid camier;
preparing a third Yiquid ink formnistion comprising 2 heat
activated dye of & third color, a Hquld carrier, and at least one
agent which forms an emulsion from said heat activated dye
of a third color and said liquid carrier, wherein said heat
activated dye of a third calor activates at an activation
energy of not greater than 450° F, applied far not more than
210 seconds, and wherein said at least one agent docs not
substantially increase the activation energy required to acti-
vatz sald heat activated dye of a third color after said heat
activated dye of a third color Is prinicd on to a medium, and
wherein said heat activated dye of a third color is a solid and
is substantially insoluble in said Hquid camier; supplying
said printer with said second liquid ink formnlation and said
third liquid ink formulation; printing said sccond liguid ink
formalation and said thicd liquid ink formnlation by means
of said printer Along with said liquid ink formnlation to form
said image in muoltiple colors on said medium withoat
materially activating said heat activated dye, said heat
activated dye of a second color or said heat activated dye of
a third coler.
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PERMANENT HEAT ACTIVATED TRANSFER
FRINTING PROCESS AND COMPOSITION

This application is & continuation-in-part of application
Ser. No. 08/299,736 filed Sep, 1. 1954,

FIELD OF THE INVENTION

This invention relates to printing generally, and is more
specifically directed to & method of printing heat activated
ink by means of an ink jet printer onto paper of other
printable substrate as a medium, and subsequently heat
activating the ink. thereby transferring the design farmed by
the ink from the medium to a substrate on which the design
is to permaneatly appear.

BACKGROUND OF THE INVENTION

Words and designs are frequently printed onto clothing
and other textile muterials, and other objects. Common
mcans of applying such designs to objects Include the use of
silk screens, and mechanically boaded thermal wansfers.

The use of computer technology allows substantially
instantancous printing of images. For example. video cam-
eras of scanning may be used to caplurc an image to a
computer. The image may then be printed by any suitable
peinting means, including mechanical thermal printers, ink
Jet printers and laser printers. These printers will print in
multiple colors.

Colar ink jet printers are in common use. Color ink jet
printers use combinations of cyan, yellow and magenta inks
or dyes to produce multi-color images.

The primary types of ink jet printers aureatly in use fall
into three categorics: phase change, free flow, and bubbic jet.
The inks or dyes used in phase change ink jet printng are
contained in a solid compound which changes state by the
application of heat to liquify the salid, whereupor the ink
composition is printed. Free flow and bubble jet printers use
liquid inks, althcugh the actual printing process of free flow
ink jet printers differs from bubble jet printers.

Heat activated transfer ink solids chacge to a gas at about
400° F., and have a high affinity for polyesier at the
activation temperature and a Hrmited affinity for most other
materials. Once the gassification bonding takes place, the
ink is permanently printed and highly resistaat to change or
fading caused by laundry products.

Hale. U.S. Pat. No. 5,246,518. 5248363 snd 5.302.223
disclose the use of thermal printers to produce an image on
a medium or transfer sheet whercin the image is comprised
of sublimation or other heat activated inks. The method
described in Hale does not activate the ink during the
printing of the medium or transfer sheet.

The process of printing heat sensitive ink solids such as
sublimation inks by means of a phase change ink jet prioter
is similar to the process described in Hale, U.S. Pat. No.
5246518, 5248363 and 5302223, The use of heat by all
ink jet printers peesents the problem recognized in the Hale
patents of printing heat activated inks in a non activated
form by means of such printers, since the ink (s exposed to

high temperatures by the peintar. Bubble jet printers, far g

example, heat the ink during the peloting process to around
the boiling point of the ink solvent, which is typically water.
Free fiow ink jet printers use heat to farm pressure which
transparts the ink during the printing process.

The use of liquid inks, as required by free flow and bubble
jet printers, presents a new set of problems when trying to
print ink solids. The orifices or nozzles of free flow and
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bubble jet printers are not designed for the dispensing of
solids contained within a liquid material. The orifices of
these printers are typically 5-10 microns ip diameter, and
clogging of the odfice will occur when ink solids of Large
particle size or in high volume are transferred through the
orifice

Fixther, whea the ink solids are placed into the liquid. the
ink solids tend to scparate from the liquid over time and fall
to the bottom of the ink comainer. The ink cornposition is
typically sealed in a container at a manufacturing facility, for
subsequent mounting of the contaiter within the ink jet
printer, meaning that a substantial storage time for the ink
composition exists prior to usc. Scparation of the liquid and
solids within the ink formulstion prescnts problems with
regard to the mechanicat operation of the printer and the
print quality achieved from use of the ink formulation,
Materials which inhibit separation must also inhibit agglom-
eration of the solid dye particles, while allowing, and not
preventing due to insulation or otherwise, activation of the
ink or dye during the final printing at elevated temperatures.

SUMMARY OF THE PRESENT INVENTION

The present invention is a method of printing heat acti-
vaied ink solids in a non activated fort oato a madium in 2
desired image by means of an ik jet printer, for subsequent
transfer of the image from the medium by heat activation of
the ink solids. The invention includes ink or dye composi-
tions campeising heat activated ink or dye solids for use with
the method, The ink compositions presented include solid
compositions at ambient temperature for use with phase
change ink jet printers, and emulsions o colloids for use
with free flow and bubble jet printers.

The ink solids are transferred in the desired design by
means of a prister onto a substrate, which acts as a medium.
The substrate may be paper, or it may be other material
which will facilitate and withstand the transfer temperature,
and which facilitates bopding of the ink layer to the sub-
strate.

The ink jet printer incorporates a thermal process, but the
ink solids of the invention do not activatz at the operational
temperatures of the printer. Heat activation of the ink solids
does not take place at the time of printing of the image by
the printer, but rather, takes place at the time of the transfer
of the image from the medium to the substrate on which the
image is permaneatly applied. The non activated ink salids
produce a printed image on the medium which is
recognizable, but the colors are dull and arc not acceptable
for most applications.

Sufficient temperature is then applied to the image to
tansfer the image from the medium to the substrate on
which the image is to permanently appear. The heat
activates, or sublimates, the ink solids during this transfer
from the medium to the substrate. The image is then
permanently bonded to the substrate. The permanent image
is sharp, with vivid colors forming the image.

When the ink farmulation prepared according to the
invention is & liquid, finely divided dye solids arc present in
a liquid carrier, in & collodial or emulsion form. An emul-
sifying eaforcing agent, which has characteristics of a
surfactagt, surrounds and shiclds the dye particles to prevent
undesired activation at low heat and to prevent agglomera-
tion of the dye particles. However, the emulsifying enforcing
agent alfows activation of the dye at higher temperatures.

DESCRIPTION OF THE DRAWINGS
FIG. 1is & block diagram showing the printing process.
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FIG. 2 illustrates an example of & design printed by 2 and low melting point. Since wax and wax like materials in
printer using the printing process, liquid form tend to have an affinity for paper, the transfer

FIG. 3 is a disgrammatic illustration showing exemplary
clements of computer and printing systems which could be
used to achieve the printing process.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

In the preferred embodiment. a video camera of scanning
device 2 Is used to capture an image 3. The image is then
input into a computer 4. The compurter directs a printer § to
print the image. Any mesns of forming the an image which
may be printed from a camputer may be used, including
images generated by software. Available computer design
graphic software may be used. or still photography may be
used. The design may be photographic. graphic artistic, o
simply letters o words. The use of cyan, yellow and
magenta ink corapositions allow the printer to print in full
color or multi-color designs.

In the preseat invention, heat activated ink solids are used,
and are transfesred to a medium by the printer without
activating the ink solids. The heat activated ink solids are
transferred onto the medium by the printer,

Virtually any material may be used as a medium which
can be prigted upon by a printer. and which will withstand
the heat activated tamsfer tcmperamre of approximately
400" F.. as described hexein. This medium may be any paper
commonly used with color ink jet printers, however, stan-
dard bood paper may be used. of even 1 sheet of metal, if the
metal can be handlied by the printer.

Once the image is printed cnto the medium. the image
may be permanently transferred onto the substrate presently,
« at a later time. Most commeoaly, the design will be
transferred onto a textile substrate. cuch as a shirt 8, although
the image may be transferred onto other matexials which act
as a substrate, such as metal, ceramic, wood, or plastic. The
design 3, which is primzd cote the medium 9 without
activating the ink. is placed against the object 8. A tempers-
ture which is sufficient to activate the ink solids is then
applied. This temperature will typically be around 400° F.
This ¢ is applied for a time sufficient to heat
activate and transfer the ink solids. A heat transfer machine
18 may be used to accomplish the transfer of the inks from
the medium to the substrate. Activation, ar sublimation, docs
not take place at the time of printing the image onto the
medium, even though heat may be used to accomplish the
printing of the image onto the medium, but occurs during the
transfer from the madium to the substrate.

Phase ink jet printers use an ink composition
which is solid at ambient temperature. The ink composition
may be in a solid stick form. This “ink stick” comprises heat
activatzd inks, and a phase change material, or transfer
vehicle, which will liquify upon the application of heat 1o the
ink composition. A polymer bioder and additives may be
added to the ink compotition. The additives may be used to
control melting, flow, drying, comosion and other vagiables.
The composition is changed from solid to liquid by melting
the ink stick in a controlled fashion, to apply the ink solids
to the medinm, and achieve printing. The melted ink com-
position is contained in a liquid fomu in a reservoir at the
neccssary clevated 1o maintain the ink compo-
sition in liquid form. The Hquified ink composition is then
ulznﬁ-omlhcmu'vci:mdpdnwdondmmd.mmmk

ition be present in the printer in or mare
mm:gm,ﬁwmwmmwwm
printer in combination to achieve multiple color or full coloe

The transfer vehicle may be a wax or wax like material,

235

40

35

[
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vehicle will readily bond with the paper medinm, holding
the ink solids to the medium, until the ink solids are released
by the apptication of heat which is sufficicat to activate and
transfer the ink solids.

The formulation for aa ink compasition used with a phase
change ink jet printer is as follows:

Maserial Weight %
Heat Activated Dye/Ink Solid 5-30
Treasier Vohick: 0-70
Ennlsifying Enforcing Agent 1-20
Binder 0-30
Plasticizer 0-15
Foam Control Agent 0-10
Visoosity Contro Agent o-10
Surface Tension Conotrol Agent 0-10
Diffusion Control Agsot 0-10
Fire Control Ageat 0-15
Corrosion Comtrol Agent O-IG
i
TOUTAL 100%

The heat sensitive or heat activated dye or ink solid may
be a sublimation ink which is finely divided It {s preferred
that the solid particle have a diameter which is no larger thae
0.1 micron. The transfa material is a wax or wax like
material which liquifies st a temperature of 70 w 120
degrees C. to allow printing of the ink onto the medium.

The cmulsifying enforcing agent acts as a dispersing
agent through which the ink solids arc distributed The
emulsifying enforcing agent may be one or mare polymers
ar sicfactants, which should be anjonic. The biader may be
a polymer which strengthens the ink stick when the ink stick
i8 In solid form. The plasticizer increases the solubility of the
ink for formulation of the ink stick. The foam control agent
and viscosity control agent 2id in formulating the ink stick.

The surface tension control agent may be a surfactant
This agent aids in printing of the ink formuistion. The
diffusion control agent helps control the diffusion of the ink
a3 it is applied 1o the medium. The flow control agent helps
coniro] the melting temperature and rate of the ink during the
printing process.

PORMULATION EXAMPLE #1:
Cysn ohese-chenge aik-Jet Tok Forguly:,

Mdatarial Woight %

100

10.0
8.0

SUBRLAPRINT @ Bhue 70014*
POLYWAX @ PR3O
EXXON FN & 1%5°

DISPER BYK © 182*
VINNAPAS @ B1.Y
PICCOLASTIC ® A25°
POLYOARD 87

Dituty] Philulae

100

Sublaprint® is a heat sensitive or subliraation, dye.
Polywax@ is a synthetic polyethylene wax.

such a3 a certain polymers having a low molecular weight  Exxos FN® is a hydrocarbon wax.
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Disperbyk® is a co polymer with pigment affined groups.
Vinnapas® is a vinylacctate homo-co-and-ter-polymeres.
Pi coolastic® is a polysterene resin,

Polywax PES00 is a ransfer vehicle, This transfer vehicle
is a wax-like polymer material. Exxon FN 3505 is a hydro-
carbon wax used as part of the transfer vehicle, Other waxes
o combinations could be used as the transfer vehicle
depending on the printer, its operation temperature, the ink
to be printed and the medium to be printed.

DisperByk 182 is an emulsifying enfoecing agent. An
anionic emulsifylng enforcing agent should be used. Dis-
persByk is a polymer type surfactant. Vinnapas B1.5 and
Plecolastic are used as binders. Polygard is an antioxidant
which is used for corosion coatrol. Dibutyl phthalate is a
plasticizer.

Free flow ink jet printers and bubble jet ink jet printers use
inks which are in a liquid form. Free flow ink jet printers
dispense ink through an orifice in an ink coatsiper. The
printer commands and controls the flow of ink through the
orifice to print in the desired manner.

Bubbie jet printers also usc inks which awe in a liquid
form. and which are held in a container. Bubble jet printers
us¢ a different orifice or pozzle system than free flow
printers. A channel and heating system is used o form a
bubble. The formation of the bubble is controlled by the
printer by the application of heat to the ink to print as
desired.

The heat activated inks or dyes are solid particles. Free
flow and bubble jet printers are designed to be used with
liquid inks, but not with inks having solid particulate within
the liquid. The presence of solid material clogs the orifice or
nozzle of the printer. Further, liquid ink compesitions into
which a solid particulate is placed or dissolved are aot
homogenous over time. The solid ink particles in the mixture
settle from the liquid toward the bottom of the ink container.
This settling increases the clogging of the orifice. Further.
print quality is affected if the ink is not consistent.

The liquid ink composition of the preseat invention is an
emulsion comprised of finely divided heat activated ink
solids which are placed in an emulsion by means of an
emulsifying enfarcing agent which is present in a solveat,
Humectants, corrosion inhibitors, surfactants, and anti-
foaming agents may also be included ia the composition.

The farmulation of an emulsion comprising heat activated
ink solids which is used with ink jet printers requiring liquid
inks is as follows:

3

10

ki1

43

6

tnzy be added to facilitate formulation, storage and/ar print-
ing of the liguid ink composition.

PORMULATION EXAMPLE #2-

Muerial

BIFIXAN @ Yellow 3FE*
Dipropylens Glycal
DMS0

COBRATEC ®

NeOH (10N)

Distilled H,0

Total:
*BASF Corparation
*FMC Specialiies Group
Bifixan® is a stabilizer resin
Cobratec® is a heat sensitive, or sublimation. dye.
Lignosol® is a lignosulfonate.
Intrathenn® is a heat sensitive, or sublimation, dye.
Decfo® is a orqanosiloxane polymer.

Formulation Example 2 comprises a heat activated yellow
ink salid or dye. Dipropyleac glycol and DMSO are
co-solvents. Sodium Hydroxide is an inorganic emulsifying
enforcing ageet, which also acts as a fungicide. Distilled
weter acts as a solvent. Cobrutec® acts as a comosion
inhibitor.

In this formulation, a particular ink solid is finely divided
t0 yield a small particle size. The particular ink solid of
Exzmple 2 will tend to substaatially dissolve within sodiumm
hydroxide, which is used as the emulsifying eaforcing agent.
The combination of the sodium hydroxide and the solvent.
which is the formanlation example is distilled water, yield an
enanlsion which may be used in bubble jet and free flow ink
jet printer.

Genericaly, a “bumectant” is & moisturizing agent. In the
relevant are, the term “humectant” is used to describe agents
which are included in ink formulations to regulate the rate ar
which the ink dries and lo control the viscosity of the ink. In
sddition to these propertics, the present invention may
comprisc one oy mare humectants which will prevent clog-
ging of the orifice or nozzle, With catain inks, the humec-
tants will reguiate the sublimation rate of the inks or dyes as
they are transfared from the medium to the objects on which
the printed design is to permanently appear. The bumectant
in formulation example 2 is dipropylene glycol, which acts
a5 1 co-solvent and hurnectant.

Weight %
20
43
15
045
30
83.53

100

Maderia] Weight %
s0
Heat Acuvmd Dydln.k Solid % PORMULATION EXAMPLE #3;
BEomilsifying Haforcing Agent -2 % :
Binxier 0-30
Humectansy 040 Mairial Weight %
Foam Control Ageat 0-10
Pungicide 0-1 o SUBLAPRINT  Biue 70013' 10
Viscouity Coniro) Ageot 0-10 LIGNOSOL @ FIAM 33
Swrfsce Tengion Conlrol Agent 0-10 ME & ¥ns5'? 100
Diffusion Control Agent 0-10 Disthylene Glyeol 95
Flow Conirol Ageat 0-15 DMSO 10
Evaporation Control Agert -2 Dimilled i,0 750
Corrosion Control Agent O-10
Cowotvent 0-%0 LY Total: 10000
Sciveat 30-90
- "y ¢y Anitine C L4
TOTAL 100% ' igooech (US.) Inc.
yficheiman, nc.

The heat activated dye or ink solid {s finely divided and 65
placed into an emulsion by means of the emulsifying ageat
and the solveat, which may be water, The remaining agents

SUBLAPRINT® Blue 70013 is a heat activated ink or
dye solid. Lignosol® FTA and ME® 39235 are emulsifying
enforcing agents. LIGNOSOL® FTA also acts as a fungi-
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cide. MB® 39235 is a palymer, and more specifically, it
a polyethyleae binder. Diethylene Glycol and DMSO u:tu
hamectants, The sotven is distilled water.

SUBLAFRINT® Bluc 70013 is mare difficult to subli-
mate than BIFAXAN® Yellow 3GE, and is less soluble in
the emulsifying enforcing agent. Dicthyleae glycol is used
as » humectamt to facilitate sublimation of the SUBLA-
PRINT® Blue ink solid.

The heat activated ink solid is finely divided to 2 small
particle size, The fipely divided ink solid it combined with
one or more emulsifying enforcing agents, which are in turn
combined with the solvent.

Formuolation Example #4:
Magegts Jok Vet Ik Forgils:
Maicriaj
INTRATHERM & Brill Red P-3INTV
LINOSOL & FTAY
HE » ¥
NA-SUL o
DEEFC @ 806-102°7
Sorbisal
Dipropyiene Glyeol
Distilled H,0

Total:

HCrmpion & Knowles Corporation
“Lignotech (US.) Inc.
“Michetman, lc.
"liuhdlm'u

"Nl Additives

Forrulation Exsmple #4 comprises a heat activated ink
solid or dye which is fincly divided and combined in an
emulsifying enforcing agent The emulsifying enforcing
agent or medinm s, as with Example #3, Lignosol® FTA
and ME® 39235, Distilled water is used as a solvent.
Dipropylene Glycol is used as a humnectant,

Formulation Example #4 further comprises an and-
foaming or foaming coatrol ageat, DEEFO® 806-102 to
retard foaming of the liquid ink composition. Farmulation
Example #4 further comprises a surfactant, which may be
SORBITOL®. and & corrosion inhibitor, which, in this
exampie, is NA-SUL®.

Formulstion Exemgles 2. 3 and 4 are cmuilsions. In
Example 2. the particular dye has a teadency to dissolve in
the emulsifying enforcing ageat. Formolation Examples 3
and 4 iney also be described as colloids, havivg finely
divided ink particles of not larger than 0.1 microns in
diameter prescot within the disperse mediwm,

The igvention provides an emolsion or colloid which will
work within free flow ink jet pristers. piezio electric
printers, and bubble jet pristers, without expericacing prob-
lems relating o orifice dogging which restkes from the use
of an ink solid. Further, the use of an emulsion or colloid
prevents the separation of the ink tolids from the liquid
compoacots, rendering aa ink composition which i3 stable
over time. Typically, the liquid ink farmulations are present
within the printers in containers. Three or more colars of
liquid ink are present. The containers may be factory sealed,
and as such, the ink formulation may be held within the
oontainer for a long period of time,

The bubble jet peinter forms the bubble which is used to
print the ink at approximately the boiling point of the ink
solvent. In most formulations, water will be used a5 the
solvent, so that the ink is exposed to tzmpemtures of 100
degrees C. or higher as the ink i printed. Comparable
temperatures may be used in free fow ink jet printers to

5
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printing. As with the phase change ink jet printer, the iok is
exposod to tempersturss which will activate or subliniate
some heat activated inks or dyes. The inks or dyes wsed in
the ink compositions kerein will pot sctivate or sublimate at
the operational temperanires of the printer.

The liquid ink foemulation comprises a liquid earrier, The
liquid carrier, or solvent. may be water. An cmulsifying
enforcing agent, which is saluable ip the liquid exrrier, forms
an emuision oc a eollaid in the Liquid carrier. The emulsi-
fying enforcing agent has an affinity for the heat activated
dye, and stiaches to, of may surround. all oc part of indi-
vidual particles of the dye particles.

The heat activated dye as used is 4 fnely divided solid
which is substantially insoluable in the tiquid carrer. The
dye particles, whep placed in a liguid, will tend to
agglomerate, vastly reducing, and practically eliminating,
the efficacy of the ink formnlation The emulsifying enforc-
ing agent is used to form an emulsion or 4 colloid, and in the
pretent invention. also surounds and shields, and thereby
scparates, the individual dye particles from the liquid carrier
agd from cach other. peeventing agplomeration of the dye
particles, and thereby preventing the ink formulation from
clogging the qrifices of the printer, such as the ink jets. The
emulsifying enforcing agent shields and insulates the dye
particles, preventing activation or sublimation of the dye due
to cxposure to heat present in the printer and the printer
processes. The emulsifying enforcing agent shields the dye
particles, and improves the shelf life of the lok formulation.
The adverse effects of heat, chemical reactions, light. time.
and other factars present in packaging or the environment
are reduced by the emulsifying enforcing agent. However,
while the emulsifying eaforcing agent shieids the dye
particles, the insulation properties of the emulsifying enfarc.
ing agent arc such that heat activation of the heat activated
dye is achieved during fina] wansfer of the image from the
medjum, which {s perfarmed at, or above, the temperature at
which the dye sctivates, and the required optical density of
the dye after final transfer by heat activation is attained.

An example of an emulsifying eaforcing agent which will
achicve the objects of the invention, when used with water
as a liquid carrier, is a metallic mifonate sait kmown as lignin
sulfonate. Lignin sulfonates are s0ld under various brand
names, including Lignosol and Raykrome.

What is claimed is:

1. A method of printing 2 detign by means of a computer
driver: peinter using heat activated dye solids, comprising
the steps of:

a preparing an ink formulation comprising A heat acti-
vated dye, a liquid camier, and an emulsifying enforc-
ing agent which is soluble in said liquid carrier and has
an affinity for sdd heat activated dye, wherein said

ifying enforcing agent sumounds asd shields
indlvidualplrﬂduofmdhmwhmeddyemd
separates said individual particles from said liquid
camier, and wherein said heat activated dye is a finely
divided solid which Is substantiaily insoluble in said
Hquid cazrier;

b. supplying & computer driven printer with said ink
formulation;

¢. printing said ink formulation in a desired image by
means of said computer driven printer onta a medium
at a tempeeature which is below the temperature at
which 3xid heat activated dye activates; and
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d. ransfaring said image from said mediem to an object
on which the image {s to sppear by thermal means at 2
temperature which is sufficient to activate the heat
activated dye. $0 a3 to cause the heat activated dye to
transfer oato said object,

2 A method of printing a design by means of & computer
driven printer using heat activated dye solids as described in
claim 1, whercin the cmudsifying enforcing agent is a

lignin,

3. A method of printing a design by means of & computer
driven printer using heat activated dye solids as described in
claim 2, wherein the emulsifying caforcing agent is Ligno-
sol

4. A method of printing a design by means of a computer
driven printer using beat activated dye salids, comprising
the steps of:

a. preparing s ink formulation comprising a heat acti-
vated dye, a liquid casrier, and an cmulyifying enfare-
ing agent which {s soluble in said liquid carrier and has
an affinity for said heat activated dye, wherein sald
emulsifying eaforcing agent surrounds and shields
individual particles of said heat activated dye and
scparates said individual particles from said liquid

15

10
carrier, and whereln said beat activated dye is a finely
divided solid which is substantialy insoluble in sajd
liquid caryier;

b. supplying & computer driven printer with said ink

farmulation;

¢. printing 2aid ink formutstion in a desired image by

means of sald computer driven printer onto & medium
a1 & temperature which is below the temperature at
which said heat activated dyc activaics; and

d. subsequently activating said heat activated dye by the

application of heat to said heat activated dye at a
temperature which is sufficient to activate the heat
activated dye.

5. A method of printing a design by means of a computer
driven printer using heat activated dye salids as described in
claim 4, wherein the emulsifying enforcing ageat is 1
sulphonated lignjn.

6. A method of printing a design by means of a computer
driven printer using heat activated dye solids as described in

% claim 5, wherein the emulsifying enforcing agent is Ligno-

sol.
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LOW ENERGY HEAT ACTIVATED
TRANSFER PRINTING PROCESS

This application is a divisional of U.S. Ser. No. 08/710,
171, filed Sep. 12, 1996, now U.S. Pat. No. 5,640,180, which
I8 & continuation-in-part of U.8. Ser. No. 08/695,121, filed
Aug. 5, 1996, pow U.S. Pat. No. 5,642,141, which is a
continuation-in-pan of U.S. Ser. No. 08/565,999, filed Dec.
1, 1995, gow U.S, Pat. No. 5,601,023, which is 2
continvation-in-part of U.S. Ser. No. 08,207,756, filed Mar.
8, 1994, now U.S. Pat. No, 5,487,614, and a conlinuation-
in-part of U.S. Set. No. 08/506,894, filed Jul. 25, 1995,
which is a continuation-in-part of U.S. Ser. No. 08/299,736,
filed Sep. 1, 1994, now U S, Pat. No. 5,488,907.

FIELD OF THE INVENTION

This invention relates to printing heal sensitive, dye
diffusion or sublimation inks generally, and is more specifi-
cally refated o a method of printing liquid inks comprising
these dyes onto an intermediate trapsfer sheet by means of
an ink let printer or other printer which uses liquid inks, and
subsequently transferring the printed image from the inter-
miediate sheet by the application of heat and pressuse.

BACKGROUND OF THE INVENTION

Words and designs are [requently printed onte clothing
and other textile malerials, and other objects. The use of
compuler technology sllows substantially instanianeous
panting of images. For example, video cameras or scanning
may be used to capture an 1mage to 2 computer. The image
may then be printed by any suitable printing means, includ-
ing mechanical thermal printers, ink let printers and laser
printers, These primecs will priat multiple color images.

Color ink jet printers are in commen use. Color ink jel
printers use combinations of cyaa, yellow and magenta inks
or dyes to produce multiple color images. Most ink jet
printers in common use employ inks which are in liquid
form.

Heal activated, dye diffusion and sublimation ok solids
chatige to a gas at about 400° E, and have a high affiaity for
polyestcr and other synthetic materials at the activation
temperature, and a limited affinity for most other materials,
Once the boading from gassification and condensation tzkes
place, the ink is permanenily printed, and is resistant to
change or fading caused by laundry products, heat or light.

Hale, U.S. Pat. Nos. 5,246,518, 5,248,363, 5,302,223, and
5,485,614 and Hale et al., U.S. Pat. No. 5,488,907, disclose
the use of printers to produce an image on a medium or
transfer sheet wherein the image is comprised of
sublimation, dye diffusion or other heat activated inks. The
ink is not activated during the printing of the medium or
transfer sheet.

Problems are associated with liquid inks prepared from
insoluble dye solids. The orifices or nozzles of moes! ink jet
printers are not designed for the dispensing of dye solids
contained within a liquid material. The orifices of these
printers are typically 5-30 microns in diameter, and clog-
ging of the orifice will occur when ink solids of large particle
size or in high volume are transferred through the orifice.

Further, when the ink solids are placed into a liguid
carrier, the ink solids tend to separate from the liquid over
time aod fal] o the botlom of the ink conotainer. The ink is
typically packaged in a container a1 a manufacturing facility
for subsequent mounting of the container within the ink Jet
printer, meaning that a substantial storage time for the ink
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COMPOSItion eXists prior to use. Separation of the liquid and
solids comprising the ink formulation presents problems
with regard to the mechaical operation of the printer and
the print quality achieved from use of the ink formulation.
Agents which are included within the ink formulation to
inkibit separation must also inhibii agglomeration of the
salid dye particles, but the agents must oot inhibit activation
of the dye during the final transfer at elevaled temperatures,
by insulating the dye or reacting with the dye, or otherwise.

‘Accardingly, the production of stable liquid inks from
dyes which arc not water soluble is difficult to achieve
withoul destroying or reducing the properties of the dye
which are required for practicing the process of the inven-
tion. In the prior art, liquid inks have been produced from
dyes that initially have properties suitable for practicing the
process. However, the production of liquid inks from these
dyes changes or masks the required properties, and
therefore, the resulting inks cannot be satisfactorily used to
practice the process, For example, additives which will
inhibit the dye particles from settling out of the liquid
carrier, or which will inhibit agglomeration, tend to insulate
the dye particles, meaning that the energy required for
sublimation, diffusion or activation of the dye is elevated to
unacceptable levels for practicing the process. Other addi-
tives which are used in the prior art to produce a liquid iok
from the solid dyes are teactive with the dye, and modify or
eliminate required propertics of the dyes. Other “side
effects” of using these additives include undesired calor
modification or conlamigation, bonding with the intermedi-
ale substrate, or optical density on the final substrate which
is inadequate.

While certain solvents will dissolve the dyes, the require-
ments af the process makes the use of these solvents
impractical, Tlye matenals solubilized to the moleculiar level
have a tendency to bond with fibers, hoth synthetic and
natural. Accordingly, the dyes cannot be effectively trans-
ferted from a substrate used as an intermediate transfer sheet
by the application of heat and pressure as required by the
process of the present invention,

SUMMARY OF THE PRESENT [INVENTION

This invention is a method of printing a liquid ink which
is produced from sublimation, dye ditfusion, or heat sensi-
live dyes. A printer which uses liquid ink, such as an ink jet
printer, prinis the image onto a medium, or intermediate
substrate, which may be paper. The sublimation, dye
diffusion, or heat sensitive dyes (hereinafter coliectively
referred 1o as “heat activaled dyes™) contaioed in the ink are
not substantially sublimated or activaied during the process
of printing on to the medium. The image formed by the
printed ink is transferred from the medium to a final sub-
strate by the application of heat and pressure which subli-
males or activates the ink. This thermal transfer step is
achieved at low energy when compated to other sublimation
or activation processes known aad used in the art. Ooe of the
goals of the process requires that the thermal transfer occur
by applying heat and pressure for no more than three and
one-hall minutes, and preferably less time. [n the prior art,
heat a1 the activation temperature is applied for up to thirty
minutes. Accordingly, as used herein, a low energy transfer
is a thermal wansfer of the image from the intermediate sheet
to the final substrate by applying a temperature which is not
higher than 450° F., for no more than three and one-half
minutes, wilh the resulting image, as deposited on the final
substrate, having an optical density of 1.0 or greater, as
measured by an X-Rite 418 densitometer in the density
operation mode with background carrections.
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The dyes, or perhaps pigments, which are suitable for
practicing the invention are dyes which are capable of low
encrgy transfer from the medium onto the final substrate to
produce an image oo the final subsirate which is waterfast
and colorfast. Afier traosfer, the dyes are o longer substan-
tially heat sensitive. Dyes which have these characteristics
are found in various classifications of dyes, including dis-
perse dyes, solvent dyes, basic dyes, acid dyes and vat dyes.
However, none of the dyes which are currently available and
which are suitable for producing a liquid ink for practicing
the invention are soluble in water.

Accordingly, only a relatively small range of dyes in
combination with a relatively small range of dispecsing/
emulsifying agents will produce a stable liquid ink which
will allow the printing method to be practiced. Character-
istics of acceptable dyes and dispersing/cmulsifying agents
which will produce a liquid ink with which to practice the
printing method are disclosed herein.

DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram showing the printing process.

FIG. 2 illustrates an example of a design printed by a
printer using the printing process.

FIG. 3 is a diagrammatic illustration showing exemplary ,

elements of computer and grinting systems which could be
used 10 achieve the printing process.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

An image is input into a compulter 4. The compuicr dircets
a printer 6 to print the image. Any means of forming an
image which may be printed from a compuier may be used,
including images generated by software. Avaifable computer
design graphic software may be used, or stitl photography
may be used, The design may be read and communicated by
a scanner 2, which is connected to computer 4. The design
may be photographic, graphic artistic, or simply letters or
words. The use of cyan, yellow and magenta ink composi-
tions allow the printer to print in fulk color or multi-color
designs.

After the image is prinled onto the medium, the image
may be permancotly transferred by thermal means. Most
commonly, the design will be transferred onto a textile
substrate, such as a shirt 8, although the image may be
transferred onto other materials which act as a substrate,
such as metal, ceramic, wood, or plastic. The design 3,
which is priafed oelo the medinm 9 without activating the
ink, is placed agaiost the final substrate which may be a shirt
8. A temperature which is sufficient to activate the dye is
applied. This temperature will typically be around 400° F.
This temperature is applied for a time sufficient to heat
activate and transfer the ink solids in accordance with the
requirements of the invention. A heat transfer machine 10
may be used to accomplish the transfer of the inks from the
medium to the substrate. Activation, or sublimation, of the
dye does not take place at the time of printing the image onte
the medium, but occurs during the transfer from the medium
lo the substrate. The group of heat activated dyces from which
dyes may be selected for use in the invention are dyes which
substantially sublimate or activate al low energy to form an
image which has an aptical density value of no less than 1.0,
and which is waterfast and colorfast. Each of the dyes which
comprise this group will achieve an oplical density of 1.25
or greater afler activation, when optical density is measured
by an X-Rite 418 densitometer in the density operation
mode with background correction.
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The invention requires the dyes to be transferred at low
energy (as defined above) after the dyes are formulated into
2 liquid ink as described hercin and printed onto the medium
(the “acceplable dyes”). While a larger group of dyes can be
sublimated at low encrgy, dyes which are not acceptable
cannot be formulated into a liquid ink which retains the
required properties. While most of the acceptable dyes are
disperse dyes, certain other dyes which will perform accord-
ing to the goals of the invention are included in the group of
acceptlable dycs.

In general, the acceptable dyes arc not reactive, and de not
have strong polar function groups, such as sulfonate or
carboxyl groups. Reacting the dyes with chemical agents
added 1o the formulation in order to form a liquid ink, as is
somelimes done in the prior ant, tends to inhibit the activa-
tion of the dyes at low energy, which is contrary to the
presenl inveation. The acceptable dyes have a molecular
weight which is less than 600, and is preferably within a
range of 200400, Most of the acceptabic dyes are disperse
dyes but certain solvem dyes, vat dyes, basic or cationic dyes
(such as carbinol base dyes or anthraquinone type dyes
having a quarternary amine), acid dyes, direct dyes, mordant
dyes and oxidizing colors also fall within the group of
acceptable dyes.

The ink formulation prepared according to the invention
1s a liquid. Dye solids of small particle size are dispersed in
a kiquid carier, and one or more agents are used (0 maiatain
what may be called, according to various definitions, a
collodial, dispersion or emulsion system. The term “emul-
sion” is used hersin to describe the system, even though the
system could, in some forms, be called a colloid or a
dispersion.

The heat activated solid dye particles are of smal size. It
is preferred that the individual solid dye particles have oo
dimension which is greater than 0.5 microns.

The solid dye particles are dispersed into the liquid
carrier. The dispersion is normally achieved by the intro-
duction of a dispersing agent, although mechanical or other
physical means could be used. An emulsifying agent is
introduced 1o prevent coagulation or coalescense of the
individual dye particles and 1o stabilize the system.

As set forth in the examples, a single agent may be used
as a dispersing and emulsifying agent. Mulliple agents may
be used in accordance with the goals of the inveation. The
agent or agents sltabilize the system, so that the system
remains sufficiently homogenous over time 1o allow suc-
cessful printing and transfer of the dye according to the
method of the invention. Further, the agent shieids the
individual particles from the adverse effects of the storage,
transportation and printer covironments, such as heat, cold
and light. While the agent shields the dye particles while
they are tn the liquid system, it does ool inhibit low energy
transfer of the dyes in the form of the printed image.

The agents used to disperse and/or cmulsify the dye
particles include various dispersant materials, surfactants
(including cationic, anionic, amphoteric, and noaionic
surfactants) and polymeric surfactants. Polymeric materials
with dispersing ability, but which are not sarfactaats, can
also be used. Either synthetic or natural materials can be
used. The dispersing/emulsifying agents each have a
molecular weight which is less than 100,000, and preferably
less than 10,000. Thermal stability of the agents is esseotial
to prevent decomposition and/or chemical reaction between
the agents and the other componeats in the systems.

As with the dve, to accomplish the printing method of the
invention, the agent(s) do not have active function groups
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which will react or crosslink with the medium, or which will
react or crosslink with the dye or pigment in the system,
since such reactions or linkages inhibit the required prop-
crties of the dye at the time of activation. The agent(s) raust
form the emulsion from the finely divided dye particle and
the liquid carrier, but must not materially iosulate or other-
wise materially inhibit the activation of the dye at the lime
of final transfer.

Agemis having the required properties when used with
some or all of the acceptable dyes include Lipnosulfonate
products such as Marasperse 52CP (I.ignotcc%i, Lignosol
FTA (Lignotech), Lignosol SFX-65 (Lignotech), Marasp-
erse CBA-1 (Lignotech), Temsperse S002 (Temfibre, Inc.)
Stepsperse DF sentes (Stephaa Co.), and Weschermn NA-4
(Wesco Technologies, YD), Kraft ligoin producis such as
Diwatex XP (Lignotech), and Reax 85 (Westvaco), and

oxylignin products such as Marasperse CBOS-6 and

Vanisperse CB.

Other examples of emulsifying agents and dispersants are
alkylaryl polyether alcobol ooniedic surfactanls, such as
Triton X senes (Octylphenoxy-polyethoxyethanol); alky:
lamioe cthoxylates nopjonic surfactants such as Tritoa FW

scties, Irnton CF-10, and Tergitol (Union Carbide
Chemicals); polysorbate products such as Tween (ICI

5
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Chemicals and Polymers); polyalkylene and polvalkylene B

modified surfagtants, such as Silwet surfactants
(polydimethylsioxane copolymers) and CoatOSil surfac-

tants from OSI Specialties; alcohol alkoxvlales nonionic

surfactants, such as Renex, BRIJ, and Ukanil; Sorbitan ester
products such as Spaa and Arlacel; alkogla!ea esiers/PEG

produgls, such as Tween, Atlas, Myr) and Cirrasol surfac-
tants from ICI Chemicals and Polymers; unsaturated alcohol

as surfyno] series surfactants from tod-
ucts Co., alkyl phosphoric acid ester § oducts
such as amyl acid phosphate, Chemphos TR-421; alkyl
amine_oxide such as Chemoxide series from Chemron
Corporation, agionic sarcosinate surfactants such s Ham-
posyl series from Hampshire Chemical corporation; glyeerol
csiers or polyglycol ¢ jonic_surfactants such Hodag
series from Calgene Chemical, Alphenate (FHenkel-Nopeo),
Solegal W (Hoechst AG), Emultex (Auschem SpA); and

Folzethxlcne glveol cther surfaciapts, such as Newkalgen
rom Takemato Oil aad Fat Co.

Multiple agents may be used o combinalion Lo improve
the emulsification of the system and to stabilize the system,
as long as the agents are no! reactive and do pot cause
precipitation or otherwise negatively impact upon the emul-
sification process or the transfer process.

Organic solvents, cosolvents, and/or bumectants van also
be used as additional additives. Aliphatic and/or aromatic
alcohols (thioalcohols), alkoxylated alcobols (thioalcohols),
halogenated alcohols (thioalcohols) and carboxylated alco-
hols (thioalcobols), including mono-alcohal {thioaleohol),
diol (thiedialcohel), trial (thiatrialcohol) and polyol
(thiopolyalcohol), aminoxide, diamine, triamine materal,
may be used to improve dye dispersibility, solubility and/or
slability in the final ink composition. Examples of solvent
materials are diethylene giycol, DMSO and dipropylene
glycol.

Other additives can also be introduced into the ink, such
as surfactants, corrosion contsol agents, foam cantrol agents,
aatioxidaats, radiation stabilizers, thermal stabilizers, fame
retarding agents, pH control agents, viscosity cantrol agents,
or surface (interfacial) tension control agents can be added
during or after the emulsification process. Other materials,
including dispersants, emulsifving agents, and stabilizers,
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may be included in the formulation by means of methods
known in the art.

EXAMPLES

An example of 2 liquid ink composition usable in an ink
jet printer is as follows:

Materiat Weight %
beal sensitive dyels) D.05-20%
dispersantiemulsifying agent 0.05-30%
solveni(sy/cosolvent(s) 0-45%
additive(s) 0-15%
waler 40-53%
Toual 100%

The heat sensitive dye may be a red (magenta), blue
(cyan), yellow or brown dye. The dispersant/emnulsifying
agent may be a sulfonated lignin such as Marasperse CBA-1.
The additive(s) may be Tergitol 15-s-9, Triton X-163, Triton
X405 or Surfynol 465. The solveats and/or ca-solvents may
be dicthlene glycol andsor thioglycol and/or 2-pyrrolidone
and/or 1-methoxy 2-propanol.

Example A

30 grams of finely divided Spirit Blue Base (CAS#
68380-46-8) is mixed wilh 15 grams of Ulirazinge NA
{Lignotech, USA} and 500 grams of de-ionized waler. An
ultrasonic pulverizer is used lo disperse the dye into the
aqueous phase for approximately 30 mioutes. Two (2.0)
grams of Solsperse 27000 (Zenica Colors, USA) is added
into the mixture, which is pulverized for another 10 minutes
to achieve a stable emulsion. The mixture is filtered to
remave particles larger than 0.25 microns. The printing ink
for use in the ink jet printer is formulated (rom the emulsion
as follows:

Material Weight %

Emulsion ¥7.0

Glycal 44

L-methoxy-2-propancl 10

Ammedyx L0 (1} 24

Totat 100%
{1) Siepan Co

The resulting ink is printed by the HP 560 Deskjet printer
ocato plain copy paper in a dark cyan color, and is transferred
from the paper medium or receiver onto a polycster fabric
substrate by thermal transfer at 400° F. temperatere with 40
Ib. pressure applied for 20 seconds. The image as applied to
the polyester fabric substrate has an optical depsity value of
14-1.5 for the cyan color as read by an X-Rite 418
densilometer.

Example B

Twenly (20) grams of Disperse Yellow 9 (CAS# 6373-
73-5) is mixed with four (4) grams of Sulfynol 131 (Air
Products) and 5.0 grams of glycerol (CAS# 356-81-5) and
480 grams of de-ionized water, The pulverizer is used lo
disperse the dye into the aqueous phase for approximately
25 minutes. One {1.0) gram of Sulfyncl 104 E (Air Products)
is added to the mixture and pulverized for amother 10
minutes to produce an emulsion. The mixture is filtered to
temove particies larger than 0.25 microns. The liquid ink far
use in the ink jet printer is formulated as follows:



Case 3:00-cv-00386-L-NLS Document 1 Filed 02/24/00

Page 79 of 83

5,830,263

Matenal Weight % Matenial Weight %
Emuisien 8.5 heat seositive dye solul 0.05-20%
Dicthylene Glycol 80 5 dispervanyemuisifying agent 0.05-30%
Thiodicthanol 50 salveal 0-45%
Sulfynol 465 40 water 4098 %
1-2-Propandial 40 —
DEA 0.5 Total 100%
Total 100% 10

The resulting liquid ink is printed by a Canon Bubble Jet
4100 printer aato plain copy paper. The printed image is
thermally transferred from the paper medium 1o a polyester
texlile subsirate at 400° F., while applying 40 Ib. pressure [or
20 seconds. An intense yeifow color having an optical
density of 1.4, as measured by an X-Rite 418 densitometer
with background correction, appears on the substrate.

Example C

Twenty-five (25) grams of finely divided Solvent Red 52
{CAS# 81-390), is mixed with twenty-two (22) grams of
Transferin® N-38 (Boehme Filatex, Inc.) and one hundred
and fifty {150) grams of de-ionized water. An ultrasonic
pulverizer is used o finely divide the dye and to disperse and
micronize the solid dye particles into the aqueous phase by
operating the pulverizer for approximately Forty-five (45)
minutes. Five (5) grams of Tergitol™ 15-5-15 (Union
Carbide, USA), Ten (10) grams of 1,4-butanedial, and two
hundred and twenty (220) grams of de-ionized water are

then added into the dispersiort and pulverized for an addi-

tional 1cn (10} minutcs. The dispersion is then filicred to
remove solid particulate having a dimension which is larger
than 0.25 microns. A liquid ink is formulated using the
homogenized cmulsion as follows:

Component Weight %
Emulsion 85.0
Tesgitol ™ 15-5.9°) 3.997
1-pyrmlidinone 20
1-ethoxy-2-propanol 6.0
PA 0
Kathan PFM P 0.003
Toual 100%

Mnjon Carbide, USA
Rohm & taas Comipaay

The liquid ink is then printed by an Epsen Stylus Color
Pro or Epson Stylus Color Hs piezo clectric ink jet priater to
form an image on plain copy papet. The image is transferred
from the paper to a polyester fabric substrate by the appli-
cation of pressure and heat at a temperature of 400° F. for 25
seconds. The imaye as transferred has an optical density of
1.45 for the magenta color, as measured by an X-Rite 418
densitometer with background correction.

What is claimed is:

1. A liquid ink for usc in ink jet printers prepared from
heat activated dye solids, comprising:
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wherein the heat sensitive dye solid is not substantially
insoluble in the water.

2. A liquid ink for usc in ink jet printers prepared from
heat activated dye solids, as described in claim 1, further
comprising 0.01% to 15% surfactant.

3. Aliquid ink for usc in ink jet printers prepared from
heat activated dye solids, as described in claim 1, wherein
said dispersanvemulsifying agent is a sulfonated lignin.

4. A liquid ink for use in ink jet priaters prepared from
heat activated dye solids, as described in claim 2, wherein
said dispersantemulsifying agent is a sulfornated lignin.

5. A liquid énk for usc in ink jet printers prepared from
heat activated dye solids, as described in claim 1, wherein
said beat activated dye is a dye which, after the liquid ink is
printed, transfers by the application of heat at a temperature
which 15 oot bigher than 450° F. for no more than three and
one-half minutes, with the resulting image, as deposited on
the final substrate having an optical density of 1.0 or greater,
as measured by an X-Rile 418 densitometer in the density
operation mode with hackground corrections.

6. A liquid ink for use in ink jet printers prepared from
heat activated dye solids as described in claim 5, further
comprising 0.01% to 15% surfactant.

7. Aliguid ink for use in ink jet printers prepared from
heat activated dye solids as desetibed in claim 5, wherein
said dispersantemulsifying ageat is 3 sulfonated lignin.

8. A liquid ink for use in ink jet printers prepared from
heat activaied dye selids as described in claim 6, wherein
said dispersantiemulsifving agent is a sulfonated lignin.

9. A liquid ink for use in ink jet printers prepared from
heal activated dye solids as described in claim 1, further
comprising 0.01% to 45% solveat.

10. A liquid ink for use in ink jet prioters prepared from
heat activated dye solids as described in claim S, further
comprising 0.01% to 45% solvent.

11. A liquid ink for use i ink jet printers prepared from
keat activated dye solids as described in claim 6, funther
comprising 0.01% to 45% solvent.

12, A liquid ink for use in ink jet printers prepared from
heat activated dye solids as described in claim 7, further
comprising 0.01% 1o 45% solvent,



Case 3:00-cv-00386-L-NLS Document 1 Filed 02/24/00 Page 80 of 83

AQ 120 (3/85)

TO:

Commissioner of Patents and Trademarks
Washington, D.C. 20231

REPORT ON THE

FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT

In compliance with the Act of July 19, 1952 (66 Stat. 814; 35 U.S.C. 290) you are hereby advised

that a court action has been filed on the following patent(s} in the U.S. District Court:

DOCKET NO. DATE FILED U.S. DISTRICT COURT
0CV386I{LAB) (2/24/00 United States District Court, Southern District of California
PLAINTIFF DEFENDANT
Sawgrass Systems Inc. Corporate Copy
PATENT NO. DATE OF PATENT PATENTEE
15,487,614 01/30/96 Hale
25.488,907 02/06/96 Xu, et al.
35,601023 02/11/97 Hale, etal.
4 5,640,180 06/17/97 Hale, et.al.
55,642,141 06/24/97 Hale, et.al.
In the above-entitled case, the following patent(s) have been included:
DATE INCLUDED INCLUDED BY
Amendment D Answer D Cross Bill D Other Pleading
PATENT NO. DATE OF PATENT PATENTEE
15,734,396 03/31/98 Hale, et.al.
2 5,830,263 11/03/98 Hale, et.al.
3
4
5
In the above-entitled case, the following decision has been rendered or judgment issued:
DECISION/TUDGMENT
CLERK (BY) DEPUTY CLERK DATE

Copy | - Upon initiation of action, mail this copy to Commissioner Copy 3 - Upon termination of action, mail this copy to Commissioner

Copy 2 - Upon filing document adding patent(s), mail this copy to Commissioner Copy 4 - Case file copy




Case 3:00-cv-00386-L-NLS Document 1 Filed 02/24/00 Page 81 of 83

AO 120 (3/85)

TO: REPORT ON THE
Commissioner of Patents and Trademarks FILING OR DETERMINATION OF AN
Washington, D.C. 29231 ACTION REGARDING A PATENT

In compliance with the Act of July 19, 1952 (66 Stat. 814; 35 U.5.C. 290} you are hereby advised
that a court action has been filed on the following patent(s) in the U.S, District Court:

DOCKET NO. DATE FILED U.S. DISTRICT COURT

00CV386L(LAB) 02/24/00 United States District Court, Southem District of California
PLAINTIFF DEFENDANT
Sawgrass Systems Inc. Corporate Copy

PATENT NO. DATE OF PATENT PATENTEE

1 5,487,614 01/30/96 Hale
2 5,488,907 02/06/96 Xu, et. al
35,601023 02/11/97 Hale, et.al,
4 5,640,180 06/17/97 Hale, et.al.
55,642,141 06/24/97 Hale, et.al.

In the above-entitled case, the following patent(s) have been included:

DATE INCLUDED INCLUDED BY
Amendment D Answer D Cross Bill D Other Pleading
PATENT NQ, DATE OF PATENT PATENTEE

15,734,396 (03/31/98 Hale, et.al.

25,830,263 11/03/98 Hale, et.al.

3

4

5

In the above-entitled case, the following decision has been rendered or judgment issued:

DECISION/JUDGMENT

CLERK (BY) DEPUTY CLERK DATE

Copy | - Upon initiation of action, mail this copy to Commissioner Copy 3 - Upon termination of action, mail this copy to Commissioner

Copy 2 - Upon filing document adding patent(s), mail this copy to Commissioner Copy 4 - Case file copy



Case 3:00-cv-00386-L-NLS Document 1 Filed 02/24/00 Page 82 of 83

AO 120 (3/85)

TO:
Commissioner of Patents and Trademarks
Washington, D.C. 20231

REPORT ON THE
FILING OR DETERMINATION OF AN
ACTION REGARDING A PATENT

In campliance with the Act of July 19, 1952 (66 Stat. 814; 35 U.S.C. 290) you are hereby advised

that a court action has been filed on

the following patent(s) in the U.S. District Court:

DOCKET NO. DATE FILED U.S. DISTRICT COURT
00CV386L(LAB) 02/24/00 United States District Court, Southern District of Caiifornia
PLAINTIFF DEFENDANT
Sawgrass Systems Inc. Corporate Copy
PATENT NO. DATE OF PATENT PATENTEE
1 5,487,614 01/30/96 Hale
2 5,488,907 02/06/96 Xu, et. al.
35,601023 02/11/97 Hale, et.al.
4 5,640,180 06/17/97 Hale, et.al.
55,642,141 06/24/97 Hale, et.al.
In the above-entitled case, the following patent(s) have been included:
DATE INCLUDED INCLUDED BY
Amendment D Answer D Cross Bill D Other Pleading
PATENT NO. DATE OF PATENT PATENTEE
1 5,734,396 03/31/98 Hale, et.al.
2 5,830,263 11/03/98 Hale, et.al.
3
4
5
In the abave-entitled case, the following decision has been rendered or judgment issued:
DECISION/JUDGMENT
CLERK (BY) DEPUTY CLERK DATE

Copy | - Upon initiation of action, mail this copy to Commissioner Copy 3 - Upon termination of action, mail this copy to Commissioner

Copy 2 - Upon filing document adding patent(s), mail this copy to Commissioner Copy 4 - Case file copy




Case 3:00-cv-00386-L-NLS Document 1 Filed 02/24/00 Page 83 of 83

7
-0 fr Ly ey
= g6 Cv o L (LAB)
(Rev. 07739) CIVIL COVER SHEET
The JS-44 civil cover sheet and the information contained herein neither replace noe supplement the filing and service of pleadings or other papers as required by law, except as provided by local

nales of court. This form, approved by the Judicial Conference of the United Statey in September 1974, is required for the use of the Clerk of Court for the purpose of initisting the civil docket
sheet. (SEE INSTRUCTIONS ON THE SECOND PAGE OF THIS FORM.)

1 (s) PLAINTIFFS perenpants  CORPORATE COPY, a Tennessee

corporation, TOM PEASE, an individual;
PERSONAL. DESIGN CONCEPTS, a Washington
corporation; and DON BURNETT, an indvidual
@) COUNTY oF RESIDENCE OF FIRSTLISTED _CHARLESTON | county oF REsmENCE OF FIRST LisTED DEFENDANT  SHELBY

PLAINTIFF (IN U.S. PLAINTIFF CASES ONLY)
(EXCEPT IN U.S. PLAINTIFF CASES)

SAWGRASS SYSTEMS, INC., a South
Carolina corporation

NOTE: IN LAND CONDEMNATION CASES, USE THE EGCATION OF THE %‘r OF LAND

INVOLVED - -
vl
() ATTORNEYS (FIRM NAME, ADDRESS, AND TELEPHONE NUMBER) ATTORNEYS (IF KNOWN) [vs
Gregory P. Goonan, Esq. ™~
BARNHORST SCHREINER & GOONAN =
550 West "C" Street, Suite 1350 o oat
. . . - e
San Diego, California 92101 U
II. BASIS OF JURISDICTION (PLACE AN 1 IN ONE BOX ONLY) l—ﬂ: CITIZENSHIP OF PRINCIPAL PARTIES (PLACE AN X IN ONE BOX B
(For Diversity Cases Only) FOR PLAINTIFF AND ONE, BOX FQUDEFENDANT
(o)
OIS, Government Plaint B3Federal Question _ PT  DEF o FT  DEF
(U.S. Government Not a Party) Citizen of This Stae O oy Incorporated or Printipal Place of Business Oa (s
in This State "._
O 20.5. Govement Defendant D4D|versnty {Indicate Citizenship of Partics in Cizen of Another State Oy O2 ::Cmi thercgt:l: Principal Place of Business Os Os
ftem III
Citizen or Subject of a Forcign Oy O3 Foreign Nation Qs s

Counery

V. CAUSE OF ACTION (CITE THE US CIVIL STATUTE UNDER WHICH YOU ARE FILING AND WRITE A BRIEF STATEMENT OF CAUSE. DO NOT CTTE
JURISDICTIONAL STATUTES UNLESS IVERSITY). PATENT INFRINGEMENT, INDUCEMENT OF PATENT INFRINGEMENT,

CONTRIBUTORY PATENT INFRINGEMENT, CONSTRUCTIVE TRUST,

ACCOUNTING
VY. NATURE OF SUIT (PLACE AN X IN ONE BOX ONLY)
CONTRACT TORTS FORFEITURI/PENALTY BANKRUPTCY OTHER STATUTES
O Insurance PERSONAL INJURY FERSONAL INJURY B 610 Agneulture 1422 Appeal 28 USC 158 1 400 Saw Resppointment
O 120 Marine [ 110 Auplane 0 362 persona! injury- 620 Other Food & Druy [ s wonggnaiaausc is7 K 410 Anitus
01 130 Mitier act L] 315 Auplane Product Luabuirly Medical Malpractice 7 425 Drug Retatcd Seizure PROFPERTY RIGHTS 430 Banks and Banking
01 140 egotiable inarament [ 320 Assaule, Libel & Stander [ 365 Sersonal tnyury - of Propeny 11 USCIU [} 520 Copynghts [ 430 CommersICC Ratewctc
00 150 Recovery of Overpaymens. | 330 Eederal Employen Product Liability 7 630 Liuor Laws £30 Paere [ 450 Deportason
&Enforcement of judgmen Listliry 00 68 Asbestos Personak injury T 640 kR & Truck apmy— 470 Racketoer tnflumosd
O 141 Mescare nc ] 120 visrne Product Lisblity 7450 Aviio Regs SOCIAL SECURITY Corrupt Ovganizations
O 152 Recovery of Defuited Studemt |3 345 Manne Product PERSONAL PROPERTY V1,0, 00 casiomal Safeey/Healts | 661 HIA (13958) [] 810 Seiertive Service
Loans (Excl. Veicrans) Liablty 00 370 Gther Fraud Dlowopz o 17862 Black Lung 979 1 450 Secucties Commadiues
00 153Recovery of Overpayment [ 3350 Mosor vetucle L3970 Truh in Lending LABOR 863 DIWCDIWW (403(g)) Brctg
of Vetrans Benefius 1 145 Motor vetueie oot {1 1680 Other Persoral [ 710k aur Labor Stendards Act 1 364 5500 Tote xv1 2 178 Customer Challenge 12 usC
[ 160 Siockhakders Suis Lighnlity Property Dumage 7 720 LaborMgm Retauons [ ace psriane oy [ 491 Agriculnal Acts
0 190 Other Comtract [ 360 Other Personal (mury [ 385 Property Pamage [ 730 LaborMgmt Regorting & FEDERAL TAX SUITS 892 iation Act
O 193 Conins Proguct Lintilive Product Labiley Duaclosurs Act 1 870 Tases (U, Painut [ 55 Environmentat Matier
REAL PROPERTY CIVIL RIGHTS PRISONERPETITIONS |00 or Defendany ] 594 Energy Allocaton Act
(0 219 Land Condernnation (] 4} Voung [T 510 Mowons 10 Vacate Semence ] 790 Orher Labor Litigeton [ 571 (25 - T Pary 1 695 Frecdom of informaion Act
0 220 Foreckasure (1 447 Empicyment Habeas Corpua [ 91 kmpl. Ret inc. suscrem [ 000 appesi of Foe Desermunaon
0 230 Rem Losae & Fiectmam. (1 143 HousngrAccommodstors | 530 Genessl Sccunty Act Under Eind Acoeatto Jugnce
[ 240 Tort 1o Land [ 444 Welfare [ 535 Denth Peratty [ 550 Constinssonality of Sixe
_._l 17 243 Tont Broduct Lishuticy [ 44 Other il Righta 1 540 Mandwrrus & Other [] 90 Qther Suatutory Actioma
[T 200 All Oxher Real froperty [ 530 Civi Righta
< [ 55 prnar Conditings

2 VL ORIGIN (PLACE AN X IN ONE BOX ONLY)

= &1 Original Proceeding 12 Remova! from O 3 Rermanded from Appelatz (34 Roinstated or 05 Transfored from Ulg Multidistrict Litigation 37 Appeal to District Judge from

State Court Court Reopened anather district (specify) Magistrate Judgmient
— e . e
ggMI;EQUES'TEDII\‘ 0] CHECK IF THIS IS A CLASS ACTION DEMAND % Check YES only if demanded in complaint:
I UNDER fr.cp. 23 As proven at trial JURY DEMANTE B yES ONo

o - aupge Thomas J. Whelan CVLo9T w—
C) DATE 2524/ 2000 SIGNATURE OF ATTORNEY OF RECORD, << W

o

ODMA\PCDOCS\WORDPERFECT\22816\1 January 24, 2000 (3:10pm)

H#47 74 §150 5%z



