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Abstract

Surfacemodified black pigments have been developkx
industrial inket use. Requiraent (printer compatibility,
print perfomance, and ink stabiyi} and magjor concerns
will be presentedwnith respect to colorants yds and
pigments). In order to overom ddiciencies & current
colorants Cabot Corporation has developedwsurface-
modified pigments. The modification schene involves
covalenty bondirg specific, functional groups to the
surface of carbon black. General propertieshefnovel
pigments and cmpatibility test results of #colorant
with common ink canponentswill be shavn. In addition,
the pignentswere fomulated into ink andprintedwith a
continuous, piezoelectric industrial printer Inks
containing currenftused industrial inkjet yks and
convention& pigments, and wo canmercial, surface-
modified pigments from Cabot were prited using a
Domino CodeboxlIl printer and copared. The results
show that the novel, surfacedified blackpigment are
very different from conventonal pigments and offer
significant advantages over currgntised ¢es for
industrial inkjet use.

Introduction

Current aqueous ikt inks used for industrial
applications are predanantly dye based. Usefdlack
pigment-based inks in industrial applications has lagged
pigment based ink introductions inetsmall office and
home market over the pasteyears. This lag ismainly
due to significant differences in printer technologies.
Where industrial printer OEMs haviatroducel black
pigmented inks based on conventional pgnt
dispersions, concerngith long tem stability and running
reliability have Imited their shelflife claims, or caused
them to introduce stirringnechaniss into the printer. As
aresult for the most part the industriaharket has had to
forego the substantial benefits of lkgagments (e.g high
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optical densiy, lightfastness, edge contrast,
absorbance and batch to batch consistency).

Canmercid producs in the office market and other
studied have denonstrated that pigents are superior to
dyes (e.g print quality, blacknesswater and rub fastness)
ard can be used successfulin inkjet printers having
small nozzle orifices (<20microns in diametel without
settling, clogging or kogating. Industrial in&t printers
differ from office printerswith ther highe print speed,
faster dy time, pemanent print heads large nozzle
orifices (~30-60 microns), longer duyt cycle (larger
volumes of inkjetted through edicorifice), a variety of
substrates, and differing ink fouolations (vate or
organicsolvert based). The means of generating the ink
drops also dfers with piezoelectit based drop on
demand or continuous printers (the lattarich regcles
the ink numerous tmes) predminating. Taken as a
whole, the industrial inkjet printer pos significant
stability and reliabiliy performance challenges for the
colorant. Based upon pevaluations Cabots two new
surfa@ modified pigments ly to rest stabilig and
runnabiliy concerns that have restricted pEnt use in
industrial printing in the past.

light

Colorant Requirements

General, inkjet inksmust satisf three conditions: printer
reliability, print perfomance, and stabilit Reliability is
absolutey essential! Printer reliability is the behavioof
the ink in, through, and exiting fno the printer.
Reliability includes fast and trouble-free start-up,
runnability and shut-dan of the printer.  Another
definition of reliability is “Does the printer work like it is
supposed to?” Industrial marking and coding printers
have the touted attributes ofwomaintenance costand
“absolute” reliabiliy as kg selling points. In addition to
the hardvare, the ink and ink c¢oponents strongly
influence printer reliabilit}; Key ink paraneters include:
rheolog (viscosiy, surface tension,drop break-up),
charging, pH for waterbasel inks), evaporationtime,
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solubility effects for regcled ink, nozz build-up andthe
effects of tenperature and huidity. The colorant in
turn, has a substantial effect over the ink petars.
Commercial d/es need to be purifietd remove sals and
excess organicnaterial which may read¢ with othe ink
and printer components and adversehffect solubiliy,
nozzle andface plate buildip, pH, charging ah flow
properties. Of courseawith the purification and quality
steps additional costray be generatedBatdc to batch
variability of dyes creates further prolohs (andcostg for
ink uses tha are “cleaning” the ge. Additionaly, if
multiple dyes are used (e.g., a blue and a ngaitd form a
“black” dye) the variability issue is even further
compounded.

Print perfomance is defined as the generateddes
on the substrate having specifproperties within a
designed range. Ather way of saying this is-“Do the
images adhere to the substrate and look likey thee
supposed td? Again, the ink and colorant pla large
role, as does the substrate, and printelhe main ink
paraneters are:
penetration drop-to-drop attraction) , evaporation,
absorption and fibervgelling, solubility or dispersibiliy,
film properties (fomation, thickness, and adhererick)
Dyes are known to wick or “feather” along fibers of the
substrate causing poor charaetdge dénition ard to
penetrag into the porows material resulting in v print
optical density®.  The spreading b the de over the
substrate also riits the print thickness andcolor
strengtfh, and may result in limited readabiliy of bar
codes and othemiages. The dye mug also be compatible
with a variey of substrates. Additiongll prints made
from water soluble ges are lackingn waterfastnesand
lightfastness properti&&

Ink stability is defined as the properties of the ink
being constant-“Is the ink going to changé? A
disruptin in stability could be causedyba variey of
factors including ink coponen interactions, high or
variable shear, ya¢ solubiliy or pigment dispersibiliy,
temperature, pH change fawater based inks, midity
and air effects. ks having a large amount of
contaninants (salts and organienatter)  are more
problematic vs. pure ges in causing adverse interactions.
Conventiond pigments contain adsorbed dispersing
agentswhich may desorb and altethe stability of the ink.

In addition “recycled’ inks undergo changes in colorant
concentrations so solubiliy or redispersibily are
necessities.

Conventional Pigments

Although dyesmay be lacking or Inited in sane respects,
they are the most used colorant of choice because they
perfom better than  “conventional pigents”.
Conventional pigents are defined as pngnt tha are
stabilized ly adsorption of dispersing aids (surfactamt
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rheological (surface tension, spreading,
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polymers) The dispersant is in aythamic equilibrium
adsorbingon the pigment surfacevhile also desorbing off
the pignent going into the suspending liquid (Fig. 1(A)).
These standard pients are genergll nat usel in
industrial inkjet gstans due to deficiencieswhich
include ink instability, non-unifom jetting
characteristis (variane in drop size, high or changes in
viscosiyy, foaming or nozzle clogging, etc.), or
solidification at the nozzle or in the printer. Inkgth
conventional pigients carwork in an industrial printer,
but usually for a very limited time.

Conventional
(Adsorbed)

Chemically-Modified

¢ o

Fig. 1(A)

Fig. 1(B)

Figure 1: Schematic of Pigments- 1(A): Conventional
Pigment; 1(B) Chemically Modified Pigment (Note: Not to
scale).

Cabot Pigments

Cabot Corporation has recegntldeveloped a new
technology tha modifies the surface of carbon black
pigments without adsorption, butvith the attachmert of
chemical group8 (Fig. 1(B)) The technoloy allows
functiond moieties to chemically bond to the black
pigment. The groups are not in an equilibmuwith the
suspending liquid, and the do not behave like
convention& pigments. The technolog involves the
controlled chenical bonding of specific ypes and
amounts of functional groups to carbon black. A
schematic of the general surfageedification reactionis
shown in Figure 2.

SO0 R

CARBON BLACK SURFACE

Figure 2: General Surface-Modification Reaction Using
Carbon Black (Note- not chemically balanced)

MODIFIED CARBON BLACK SURFACE

The advantage of this technojo thd the surfa@ of
the carbonmay be modified with specifc functional
groups that are ecopatiblewith the ink or imaging system
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(i.e., greate formulation latitude). Cabot has developed
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Ethylene Glycol

two products, (@B-O-JET™ 200 ad 300 black
pigments, that are appropriate for industrial inkjedter

Diethylene Glycol

Propylene Glycol

basel applications. Swme basic properties fothese

Glycerol

pigments are shan in Table 1. Essentigl] the products

1,4-Butanediol

are small (colloidal), electrosterically-stabilized pigments.

1,2,4-Butanetriol

1,5-Pentanediol

Property CAB-O-JET™ CAB-O-JET™ Dipropylene GchoI|
200 Dispersion | 300 Dispersion 2,2’-Thiodiethanol
Functional Sulfonate Carboxylate 2-Pyrrolidinone
Group 1-Methyl-2-Pyrrolidinone
Mean Ethanol
Diameter (um) 0.13 0.15 Propanol
100% Diameter Isopropy! Alcohol |
(pm) <0.5 <0.5 Ethylene Glycol Butylethef
Viscosity (cP) 5cP @ 20% 5¢cP @ 15% Diethylene Glycol Butylethel

solids solids

Stability

Room > 3 years > 3 years
Temperature
(Time)

Freeze-Thaw >3 >3
(Cycles @

5 10 15 20 25 30 35 40

Maximum Recommended Amount of Additive [% (w/w)]

Table 2. Maxmum Reconmended Anount of Ink Components ¢ a
5% final (w/w) CAB-O-JETJ 200 in a Water Dispersion

-20/20 °C

Ethylene Glycol|

Heat >6 weeks >6 weeks

Diethylene Glycol

(Time @ 70 C)

Propylene Glycol

Glycerol |

Table 1: Properties of CAB-O-JET™ 200 and 300

1,4-Butanediol|

Dispersions.

1,2,4-Butanetriol|

1,5-Pentanedio

Dipropylene Glycol

Compatibility with Common Inkjet Ink

2,2'-Thiodiethanol |

Components

2-Pyrrolidinone

1-Methyl-2-Pyrrolidinone

CAB-O-JET™ 200 ad 300 dispersias were mixed with

Ethanol

Propanol

common inkjet canponents and pginers, with the
resultant being studied for epatibility. Campatibility is

Isopropyl
Alcohol

defined as no change properties (viscosity, particle size

Ethylene Glycol Butylether

and distribution, pH, and surfactension) where

Diethylene Glycol
Butylether

applicable In the folloving preliminary experiments,

common ink canponentswere added to a% (final)

pigment slury. A variely of physical properties(particle
size and size distribution, microscopic exaination,
viscosit, pH, surfa® tension, etc.),were folloved for up
to 40% of the additive Compatible systams are indicated
by the shaded lines for each specifienpmner in Tables
2 and 3. The results indicate that the pignts are very
compatiblewith a variey of additives (alcohols, gtols,
and gycol ethers) and offer wide formulation latitudein
ink formulation.
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5 10 15 20 25 30 35 40

Maximum Recommended Amount of Additive [% (w/w)]

Table 3. Maximum Recanmended Anount of Ink Components b a
5% final (w/w) CAB-O-JET 300 in a Water Dispersion

Cabot Pigments in an Industrial Inkjet Ink
Printer

As noted above, industrial inkjet printers place different

demands on a colorant than office printef®o investigate
the feasibiliy of using CAB-OJET™ 200 and 300
pigments in an industrial printer, the dispersionsre

formulated into two generic inks and printed using a

Domino Codebox 2 printer yoXennia Technolog Ltd.
The printer, a piezoelectric, continuous printevas
chosa due to its manual diagnostic capabilities ofykenk
properties and its variation in shear conditiorRrinter
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conditions included a nozzle dieter of 75um, stroke
rate d 1,800 strokes pesecond ard 5 pym filters
(although the inks, both aged aritesh, were easily
filtered to belov 1 um before use). Bothfreshly prepared
and aged (60 C for one month) inks were tested by
printing continuousft for 24 hours printing continuously
for 48 hours in the regcle mode, and the start/stapode
(overnight shutdans).  Sane results of the 48 hour
printing stug, which were similar to tho of the 24 hour
printing stug, are shwn in Table 4. Ik 1 containecthe
CAB-O-JET™ 200 pgment, while Ink 2 had he CAB-O-
JET™ 300 pigment.

Ink 1: Ink 2:
Ink 1: | Aged for | Ink2: | Aged for 1
Property Fresh | 1 month | Fresh month @
@ 60°C 60°C
Modulation 38 35 33 36
Window
()
Pressure 19 12 21 11
Window
(psi)
Foaming None None None None
Jet Good Good Good Good
Break Up
Print Good Good Good Good
Quality

Table 4: Propertiesof Inks having CAB-O-JET™ 200 and
300 Pignents Printed With A Daino Codeba 2 Printer for
48 Hours in the Recycle Mode

The modulation window, or diference beteen the
maximum and minimum applied voltage applied to the
piezoelectric elment, and the pressurgvindow are
indicative of the reliabilig of the ink. Generall a
modulation window of =30 volts indicates that the ink
can tolerak printer variations in print head, drive rod, and
nozzle designsThe inks satisfied teicondition A 5 psi
pressue window is needed so that theystem can
modulate propey, and also accounfor print head
variability and enviromental changes.The pressure
window was greater than 10 psi for all ink§hese results
shav that the chmically-modified pignent can be
formulated into stable inksvhich perfom well in an
industrid printer and be reliable.The inks had excellent
(uniform) jet breakup and printing characteristicsThe
inks also did not foan. The 48 hour test amonstrated
tha the pigmented inks are stable under constant shearing
conditions and recirculation.Printer start upwas also
excellent andwithout problens. The print quality was
good and consisterfbr all the tests. Ndoaming was
observed. The pignentswere easy incorporated into a
formulation., andwere robuswith respecta hea aging,
start/stop cycles, and recycling through the printer.
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Comparison of Colorants

Another stug was peformed in orde to compare
commonly used (or marketed) water based, industrial
inkjet colorants (o dyes anda conventionhpigment and
CAB-O-JET™ 200 ad 300 pgments) The colorants
were incorporated int@ modd formulation and tested
usingthe abovementioned inkjet printer and procedures.
Active colorant concentration for all colorants, except
CAB-O-JET™ 300which was 6.3%,was7.2% (w/w). A
summary of test results are in Table 5.

Property Ink 1 Ink 2 Ink 3* Ink 4** Ink
5***

Jet Good Good Good Good Erratic
Break Up
Gutter Good Good Good Good Poor
Feed
Foaming None None None Slight Excess
High Trace [ None Trace Modera [ Heavy
Voltage te
Plate
Residue
Print Good | Good | Good Good Good
Quality - Poor | - Fall
Print O.D. | 1.24 1.28 1.20 1.21 1.02
O.D.- 0.98 1.33 0.86 0.90 0.96
After
24 Soak
0.D.-72 1.24 1.32 0.76 0.70 1.01
h dry,
24 h Soak

Table 5: Comparison of Properties of Inks having CAB-O-
JET™ 200 and 300 Pigments, Dyes, and a Conventional
Pigment Printed for 48 Hours in the Recycle Mode

“Ink 3: Contained LEVACELL® BLACK SP LIQUID; Dye (Bayer AG)
" Ink 4: Contained Pro-Jet® Black OA-PZ Liquid; Dye (ZENECA Ltd.)
™ Ink 5: Contained HOSTAFINE® BLACK TS; Cabon Black inWater
Dispersion (Hoechst AG)

The results shae that Ink 5, containing the conventional
pigment, failed to print continuousifor 48 hours which
may be due to the foaming and/or the erratifetting. The
same ink produced initial printsvith low optical densities
(O.D.) on white envelope stock. Ink 4, having yelas
the colorant, also had an issweith foaming, and
produced printswith poor qualiy at the end of the run.
Inks 1 through 3, inks that contained Cabotiwvo
pigments and a ¥k, respectivgi, were reliabé and
produced prints fogood qualy. The O.D of the prints
using Inks 1 and 2vere darker and significagtimore
waterfast conpared to others In addition prints made
with the pigmented inks are inherently lightfast.

Summary

Cabot Corporatio has deelopaed two commercial
products (CAB-O-JET™ 200 ad 300 dispersims) which
can be used in industrial inkjet printer§he producs are
very compatible with common ink componens and have
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wide formulation latitude. The nev pigmentswere also
incorporated into amodd formulation and tested for
critical perfomance properties.Additionally, canmonly
used ges and a conventional pignt were also
formulatedinto themodel gstam and tested. Reliability
and final print properties for all ¢hcolorans were
compared. The results she that inks made with the
commercial CAB-O-JET™ 200 ad 300 pgments dfered
severd advantage over the other colorants including
excellent reliabiliy, good print qualit, high prirt optical
density, waterfastness, and lightfastness.
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