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bstract. This study describes the preparation of microemulsion
nks based on commercially available disperse dyes for thermal
ubble ink jet printing. The approach to make the inks is by formu-

ating to form water-soluble emulsions (o/w), which were then opti-
ized to reach a dynamically stable isotropic condition. The dyes in

hree primary colors—cyan, magenta, and yellow—were systemati-
ally investigated. Different species and amounts of dispersants,
mulsifiers, and dyes were selected to prepare microemulsions after

ntense stirring. The system, D50/963H/ Pannox140/glycerin/water,
erformed excellently in particle size reduction and size stabiliza-
ion. The surface tension, pH value, viscosity, and stability of the
icroemulsion inks meet the requirement of the applied printhead to
rovide both good printing quality and excellent printing consistency
ithout clogging in the nozzle. The interaction between dyes and the
icroemulsion system can be comprehensively understood based
n the results of particle size analysis, lightfastness, water fastness,
nd the characterization of printing quality. The low particle size-
educing efficiency can be attributed to the compatibility between
ye and dispersant structures as well as particle aggregation. The

ightfastness could be enhanced with smaller particle size but de-
reased with dye content. However, the water fastness of the pre-
ormed sample was identically high without being affected by the
ye particle size in the range between 80 nm and 96 nm. The print-

ng performance was found to be closely correlated with the dye
tructure and ink concentration. © 2007 Society for Imaging Sci-
nce and Technology.
DOI: 10.2352/J.ImagingSci.Technol.�2007�51:5�413��

NTRODUCTION
ith superiority in cost and manufacturing technique, the

hermal bubble ink jet technology shares a valuable ink jet
rinting market with the piezo ink jet. To formulate water
iscible inks with water insoluble colorants, the dyes or pig-
ents must be processed via microparticle reduction and

ntensive dispersing to form stable jet inks. The present ar-
icle focuses on applying microemulsion technology to ren-
er the ink of disperse dye base a homogeneous and ther-
ally stable system for the thermal bubble printhead. As

reviously defined,1 the microemulsion is formed by mixing
il phase, surfactant, cosurfactant, and water to provide a

arge oil-and-water interfacial area and low viscosity. Differ-
nt surfactants and composition determine the microscopic
tructure of oil-in-water droplets, bicontinuous systems, and

Present address: 10F, No. 3, Linsen North Road, Taipei City, Taipei,
aiwan. E-mail: sychang168@gmail.com

eceived Jan. 16, 2007; accepted for publication Mar. 29, 2007.
062-3701/2007/51�5�/413/6/$20.00.
ater-in-oil droplets. These small structures enable not only
he reaction of oil-soluble phase and water-soluble phase but
lso the synthesis of ceramic pigments2 as well as phase
ransfer catalysis.3 Both categories of normal microemulsion
nd reverse microemulsion have been reported to have very
ow water solubility, and consequently, low solid content in
he preparation of pigment containing inks,4 although the
anoparticles were produced with narrow distribution and
o agglomeration. That is because the microemulsion phase

ransforms to another state when the water amount exceeds
certain level. An effective ink, comprising high solid con-

ent and merits of microemulsions, should be formulated
ith a choice of a microemulsion or reverse microemulsion

ystem, optimization of preparation conditions, and applica-
ion of bicontinuous structure. However, most prior research
ork5–10 focused only on the preparation and characteristics
f well-dispersed nanoparticles by the reverse micoremul-
ion method, without experiments on practical application
n the ink jet printer. Moreover, comparatively little informa-
ion has been published on how ink jet printability of dye-
tuffs correlate with dyestuff structure and molecular weight,
nk composition, concentration, and solvent used. Only by
ystematically exploring inherent possibilities and limitations
f the technique can strategies be envisioned for printing
ith a large number of different compounds in future.11

In order to prepare an isotropic and highly disperse dye
ontaining ink jet ink, this work first optimized the dye dis-
ersion formulation to obtain well-dispersed and storage
table preink, followed by studying effects of dye structure
n the microemulsion region in the quasi-ternary phase dia-
ram. The particle site in extremely purified disperse dye
resscake should be reduced, and the dye well suspended
nd free of impurities to be capably incorporated into a
icroemulsion. Then, conditions for the maximization of
ater-solubility were identified as the basis for the ink
reparation. Precisely speaking, the microemulsion of dis-
erse dyes in this work was prepared by forming droplets of
ater, containing dye, suspended and stabilized in an appro-
riate mixture of cosurfactant and cosolvent. Finally, the
referred ink physicochemical properties were determined
ccording to printability tests. In addition to the effect of dye
tructure, the particle size of dyes and the concentration of
nks influenced printing consistency and the light stability.
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XPERIMENTAL

reparation of Dispersion of Disperse Dye
isperse dyes in the form of presscake with high purity is a
rerequisite in the ink formulation to ensure an accurate
eaction system unaffected by side products of the synthe-
ized dye. The dyes applicable for ink jet ink should be ex-
ibited with neutral color shade and demonstrated dyeing

astness. In the interest of our investigation, we selected the
yes resembling the process colors in commercial ink jet
rinting and analyzed the effects of different dyes on the ink

ormulation. We selected C.I. Disperse Blue 60 (bright
reenish blue, C.I. Constitution No. 61104, Widetex, Taiwan)
or cyan by comparing to C.I. Disperse Blue 79 (dark red-
ish blue, C.I. Constitution No. 11345, Widetex, Taiwan),
.I. Disperse Red 60 (bright bluish red, C.I. Constitution
o. 60756, Widetex, Taiwan) for magenta in contrast with
.I. Disperse Red 109 (bright yellowish red, C.I. Constitu-

ion No. 11192, Widetex, Taiwan), and C.I. Disperse Yellow
7 (bright greenish yellow, C.I. Constitution No. 70150,
idetex, Taiwan) for yellow by analogy with C.I. Disperse

ellow 99 (bright greenish yellow, C.I. Constitution No.
8420, Widetex, Taiwan). A combination of dispersants and
etting agents applicable for disperse dyes in ink formula-

ion were divided into two systems of alkyl polynaphthalene

Table I. Preparations and particle sizes of stabilized disperse dye d
3

14
ormaldehyde sulfonate (D50, Pleasant and Best Chemical
o.) with the sodium salt of di-butyl naphthalene sulfonic

cid (MT 830L, Pleasant and Best Chemical Co.), and maleic
nhydride diisobutylene copolymer (PT 245L, Pleasant and
est Chemical Co.) with Triton X-100 (PerkinElmer). Those
isperse dye dispersions with particles of small size, i.e., pre-
ursors of microemulsion, were prepared by grinding with a
lanetary micromill (Pulverisette 7�, Fritsch) where zirco-
ium oxide grinding bowls and 0.5 mm beads were adopted

o effectively degrade particle size. Each sample was ground
t 400 rpm for different times to obtain the derived particle
ize. Then, the dispersion liquid was filtered to remove con-
amination, such as particles derived from unwanted wear of
he grinding elements, and finally stabilized with an
ntiprecipitating agent, NL428 (Jintex Co., Taiwan). Pre-
erred dye dispersing methods are listed in Table I, where
ystems have been optimized to achieve extraordinary stabil-
ty when particle size dropped below 200 nm. Although
uch preink obtained was well dispersed and stable, its physi-
ochemical properties did not meet the demands of ink jet
rinting and immediately clogged printing nozzles because
f high dye content (20%), high surface tension
50–60 dyne/cm�, and high viscosity �7–15 cps�, whereas
he relative values for thermal bubble ink jet inks were

�dye content: 20%�.
ispersions
–10% of dye content, 20–40 dyne/cm surface tension,

J. Imaging Sci. Technol. 51�5�/Sep.-Oct. 2007
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nd 2–5 cps viscosity. The results of surface tension and
iscosity were shown in Table I.

etermination of Microemulsion System
he microemulsions of disperse dyes were obtained by

ntensively mixing the dye dispersion with an emulsifier
Sinopol 963H, polyoxyethylene nonyl phenyl ether,
LB=12.0, Sino-Japan Chemical), a coemulsifier (Pannox

40, nonyl phenol polyethylene glycol ether, HLB=17.7, Pan
sia Chemical), a cosolvent (glycerin, Ferak), sorbitan oleate

Sinopol 80, HLB=4.3, Sino-Japan Chemical), and deion-
zed water. The mixture was homogenized (1500 rpm for
0 min) to disperse the dye into very small emulsion drop-

ets, whereby the microemulsion spontaneously formed. The
ystem achieved its stability due to unique size compatibility
nd adhesion of the dye particles inside the oil phase of the
icroemulsion. Microemulsions of magenta and yellow dyes
ere thermodynamically stable for an indefinite period of

ime and an survive freezing and thawing cycles. However,
he cyan dye samples were observed precipitating in the stor-
ge stability test (three cycles of 5°C for 3 h and 70°C for
h) whereas others did not. Despite the stabilization of
icroemulsion structure by coemulsifier, hydrotropic

mphiphiles (Diethylene glycol monoethyl ether, Riedel–de
aen AG Seelze–Hannover) were needed for cyan dyes to

urround each microemulsion droplet in order to prevent
he microscopic droplets from coalescing. In order to deter-

ine the maximum amount of water content for each sys-
em, the quasiternary phase diagram was used to establish
he largest microemulsion regime, where the ratios of emul-
ifier, coemulsifier, and cosolvent formed the upper region of

able II. Composition of disperse dye microemulsion �microemulsion system: Sinopol
0:Sinopol 963H:Pannox 140:Glycerin:Deionized water=2.4%:4.8%:7.2%:
6.4%:49.2%–54.2%�.

nk
umber

Maximum
Amount of

Dye in
Microemulsion

�%�

Balanced
Amount

of Deionized Water
�%�

Particle
Size
�nm�

Particle Size after
Stability test

�three cycles of 5 ° C for
3 h and 70° C for 3 h�

�nm�

60-am 8.0 50.2a 80.9 80.1

60-bm 5.0 53.2a 129.7 131.4

79-am 6.0 52.2a 88.6 88.1

79-bm 6.0 52.2a 128.3 130.2

60-am 10.0 49.2 49.5 48.5

60-bm 8.0 51.2 89.5 91.6

109-am 7.0 52.2 86.2 86.8

109-bm 6.0 53.2 96.5 98.4

77-am 5.0 54.2 97.5 99.3

77-bm 10.0 49.2 99.6 98.7

99-am 8.0 51.2 83.8 84.2

99-bm 5.0 54.2 102.2 104.5

The addition of 1% diethylene glycol monoethyl ether.
he boundary between the total mass of dye phase, water t

. Imaging Sci. Technol. 51�5�/Sep.-Oct. 2007
hase, and emulsifiers. The optimized compositions for each
ye microemulsion are summarized in Table II.

reparation of Disperse Dye Inks
he dye microemulsions met the viscosity requirements for

hermal ink jet printing, i.e., 2–6 cps., measured by Brook-
eld, LVDV-III. However, other additives, e.g., fungicide and
uffer solution (ammonium solution), employed in ink to
ptimize ink performance, decreased the viscosity without
ffecting other properties of the microemulsion. In general,
he lower the viscosity the greater the velocity and amount of
uid propelled forward, which usually leads to the formation
f long tails behind the head of the drop. Glycerin was there-

ore added additionally about 0.5–2 wt. % to restore the
iscosity and optimize printing consistency. The characteris-
ics of the inks were determined using a Horbita pH meter
or pH measurement, Face CBVP-A3 for surface tension

easurement, and ZetaPlus™ particle analyzer for particle
ize evaluation. Phase separation was determined by visual
bservation. The printing quality of line sharpness, edge
cuity, successiveness, and nozzle clogging was evaluated by
rinting on a Lexmark Z43 printer on paper. The lightfast-
ess of inks printed on fabric (100% polyester) was evalu-
ted according to AATCC16-1998A.

ESULTS AND DISCUSSION
ffects of Disperse Dye on Dispersion Preparation
he effect of different disperse dyes on particle size were
isplayed in Table I. The dispersion formulations with D50/
T830L have revealed smaller particle size with shorter

rinding time except for Y77-a. The samples thereof, B79-a
nd R109-a, achieved average particle size of �105 nm, and
oreover, R60-a achieved the nanoparticle size of 53.2 nm,
hich might be due to D50, polynaphthalene formaldehyde

ulfonate, having better wetting and deagglomeration than
T245L, maleic anhydride copolymer, under the mechanical

orce of micromilling. B79-b presented the largest particle
ize with agglomerates, indicating an unsuitable combina-
ion with PT245L/Triton X-100 (Figure 1), and then further
ailed to form microemulsion. By comparing B79-b to
109-b, more alkyl groups in the diazo structure decreased

he efficiency of particle size reduction and consequently
equired more time or more active surfactants to accomplish
he desired result. Among the systems of PT245L/Triton
-100, only the structure of Y77-b had more satisfactory

ompatibility with the copolymer allowing reduction in par-

igure 1. Good dispersion of B79-a and R109-b in comparison to
79-b under an electronic microscope �Scope: 10�0.25�.
icle size to 106.5 nm in 120 h. The slight difference in
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article-reducing results between the two dispersion systems
t both 120 h and 168 h occurred in samples of C.I. Dis-
erse Blue 60 and C.I. Disperse Red 109 probably due to

ower molecular weight and reduced steric hindrance of the
ye structures. The antiprecipitating additive, NL428 was

ound to successfully prevent reaggregation in both dispers-
ng systems.

etermination of Disperse Dye Microemulsion System
he microemulsion system of Sorbitan trioleate/
olyoxyethylene nonyl phenyl ether/nonylphenol polyethyl-
ne glycol ether/glycerin/water had been chosen by compar-
ng to other compositions in the quasi-ternary phase
iagrams at 25°C, shown in Figure 2. The experimental re-
ults shown in Table II indicated that the system had good
ompatibility with most dispersing systems and could be
ptimized to prepare the disperse dye inks of different col-
rs. Figure 2 demonstrated that the microemulsion could be

ormed if the HLB values of emulsifiers lay between 10.0 and
8.0. The microemulsion area, formed in the upper region
f the boundary line, depends on the ratios of emulsifier to
oemulsifier and cosolvent. A maximum ratio was found as
:3:11 and decreased in the following sequences: 2:1:11,
:2:11, 2:3:7, and 2:3:13. When the cosolvent was the ratio of
1, additional emulsifier (emulsifier:coemulsifier�2:3) en-

arged the microemulsion area more than those
emulsifier:coemulsifier�2:1) with the three different HLB
alue combination systems. However, more emulsifier of
LB value 14.1 than coemulsifier of HLB value 18.0 was

equired in system (III) to form the largest microemulsion

igure 2. Quasi-ternary phase diagrams of the microemulsion systems,
here E+C+S represents the total mass of emulsifier, coemulsifier and
osolvent, O is the mass of oil phase �Sinopol 80�, and W is the mass of
ater. Lines 1–5 represent the ratio of emulsifier to coemulsifier and
osolvent �in mass� 2:3:11, 2:1:11, 3:2:11, 2:3:7, and 2:3:13. �I� is
he system of Sinopol 963H �HLB=12.0�/Pannox 140
HLB=17.7�/Glycerin. �II� is the system of Sinopol 960H
HLB=10.0�/Pannox 119 �HLB=15.8�/Glycerin. �III� is the system of
inopol 966H �HLB=14.1�/Pannox 150 �HLB=18.0�/Glycerin.
rea. It could be inferred that the emulsifiers of HLB values i

16
f 10.0 and 12.0 had more affinity to the oil phase and
mulsified effectively at the lower ratio of 2 than the emul-
ifiers of HLB value 14.1, but required more coemulsifier of
LB value 15.8 to form the largest microemulsion area, i.e.,
aximum water dissolving capacity. When the ratio of

mulsifier to coemulsifier was accordingly set at 2:3, the
osolvent at ratio of 13 increased water solubility more than
t the ratio of 7, especially in the system (I), where the HLB
alue was 12.0 for emulsifier and 17.7 for coemulsifier. Nev-
rtheless, the cosolvent at the ratio of 11 was most preferred
o form the maximum water solubility in three systems.
elatively, the ratio of 2:3:11 (emulsifier:coemulsifier:
osolvent) in system (I) presented the largest microemulsion
rea among other two systems. The Sinopol 963H/Pannox
40/Sinopol 80/Glycerin microemulsion system had a maxi-
um microemulsion area, implying maximum solubility.
his ratio dependence indicated that the interfacial area gen-
rated by the emulsion drops can be expanded with the in-
reased amount of coemulsifier and cosolvent. The maxi-
um dye amount of each dispersion formulation dissolved

n the given microemulsion system was determined by par-
icle size variation ��2.5% � after the storage stability test, as
hown in Table II. The resulting microemulsions were re-
erred to as disperse dye inks, listed in Table III. In short, the
omposition corresponding to the maximum solubility was
ye:Sinopol 80:Sinopol 963H:Pannox 140:Glycerin:Deion-

zed water�5%:2.4%:4.8%:7.2%:26.4%:54.2%.

ffects of Disperse Dye on Microemulsion System
n Table II, the maximum amount of disperse dyes in a given

icroemulsion system was determined as the amount at
hich 2.5% or larger variation of the particle size was de-

ected after the storage stability test. The samples of B60-am,
60-am, R60-bm, Y77-bm, and Y99-am could be incorpo-

ated more effectively inside the microemulsion droplets to
llow the highest dye content, up to 8–10%. Other samples
mply the maintenance of at least 5% of the dye, and all the
equired ink properties can also be met. Notably, to avoid
he dye agglomeration mentioned above, 1% amount of
mphiphile (diethylene glycol monoethyl ether) was added

Table III. The physicochemical properties of microemulsion based disperse dye inks.

nk-
ye Content
%�

Surface
Tension

�dyne/cm�
Viscosity
�cps�

pH
Value

Particle
size
�nm�

Lightfastness
�AATCC16-

1998A�
Printabiliy

�h�

60-am-4 34.9 4.28 7.7 82.6 4 �8

60-am-8 33.7 4.58 7.6 80.8 5 �8

109-am-3.5 36.0 3.51 7.7 90.2 4 �8

109-am-7 41.2 3.57 7.6 84.4 5 6

77-bm-5 41.4 5.80 7.3 90.7 5 �8

77-bm-10 41.1 3.96 7.3 95.5 4 6

99-am-5 41.5 4.50 7.5 82.9 4 �8

99-am-8 40.6 4.43 7.6 83.2 4 �8
nto samples of B60-a, B60-b, B79-a, and B79-b. The particle

J. Imaging Sci. Technol. 51�5�/Sep.-Oct. 2007
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ize of dispersed dye was further reduced in the microemul-
ion after ball milling. In the storage stability test, the par-
icle size of B79-am and R60-am decreased further while the
109-am, B60-am, Y77-bm, and Y99-am did not change
pparently (nearly 0%). It could be concluded from the
bove analyses that when the ratio of Sinopol 963H/Pannox
40/Sinopol 80/Glycerin was 2:3:1:11, the system of disperse
ye/D50/MT830L/water maintained good stability when the

emperature changed from 5°C to 70°C.

ffects of Ink Concentration on Physicochemical
roperties
ith the superiority in particle stability, the samples of

109-am, B60-am, Y77-bm, and Y99-am were selected for
urther study on the effect of ink concentration. Since the
rocess color of light cyan and light magenta are usually

ormulated in half concentration of cyan and magenta, the
oncentration effect on lightfastness, particle size, and print-
bility therefore becomes important. In this work, sample
60-am-8% was investigated with the concentration of 4%,
hile the sample R109-am-7% is investigated with the con-

entration of 3.5%. Y77-bm-10% and Y99-am-8% are per-
ormed with the lowest dye content of 5% in microemulsion
ccording to the above analyses. To be applicable as inks for
he thermal bubble ink jet printing, each dye microemulsion
as formulated with the added fungicide, the buffer solution

o stabilize pH value of the system, and a little glycerin (the
osolvent applied in the above microemulsion system) to
ptimize viscosity. The above agents could all be incorpo-
ated into formulations without disrupting microemulsion
tability. The inks for thermal ink jet printing were produced
ith acceptable physicochemical properties, summarized in
able III. The surface tension and viscosity of each sample
et the demands of ink drop performance, to enable efflux

hrough the capillary tube of the printer nozzle on to be able
o print continuously and present good printing quality,
harp line, and accurate edge, either on paper or polyester
abric, without nozzle clogging and edge feathering (Figure
). However, the inks of R109-am-7% and Y77-bm-10% had
rinting continuity of �8 h, but it can be extended much

onger when the dye content was reduced, e.g., R109-am-
.5% and Y77-bm-5%. By comparing the particle size to
ther samples, the structure or formulation of R109-am-7%
ould not tolerate the temperature or vibration variation

nside the thermal bubble printhead. The failure of Y77-bm-
0%, however, could be attributed to the largest particle size
ausing inferior printability. The samples of B60-am-4% and
109-am-3.5% exhibited an increase in particle size and a

igure 3. The printing quality of inks, B60-am-8%, R109-am-7%, and
77-bm-5%, which were ink jet printed with Lexmark Z43 printer.
light decrease in lightfastness when the concentration was p

. Imaging Sci. Technol. 51�5�/Sep.-Oct. 2007
iluted in half. This implies that excessive amount of surfac-
ant and solvent breaks up the microemulsion system and
nduces the primary particles to generate larger particles, i.e.,
gglomerates. Moreover, the greater amount of small dye
articles on the medium surface would reflect more light
nd protect prevent the printed fabric from the effects of
ight exposure. Such particle effects are also seen in the yel-
ow samples, although the differences are insignificant. The
nthraquinone dyes performed better in lightfastness than
he diazo ones, and their lightfastness grade can reach 5 by
ecreasing the particle size. No formulation in Table III per-

orms less than grade 4, which demonstrates that all the
ormulated inks meet the requirement of light stability for
hermal bubble ink jet printing.

The water fastness of each sample in Table IV was iden-
ically at grade 5, according to AATCC-61-2003-2A. There
as no color change in shade and no staining on cotton and

crylic fiber. The cotton and acrylic fiber are usually easily
tained by all kinds of dyes in the water-fastness test. It could
e inferred that the microemulsion ink drops containing
yes (from 3.5% to 10%) were jetted on demand by the

hermal bubble ink jet nozzle and fixed well on the polyester
lament. Excessive dye that could be carried away by water
id not occur on the fiber surface. Moreover, those dye par-
icle sizes in the range between 80 nm and 96 nm did not
ffect the fastness to the fiber in water but slightly in the
ight. The high water fastness is thus another advantage of
he studied microemulsion ink for the application of textile
nk jet printing.

In the future, more systematic study of ink rheology in
he dyestuff ink jet printability will be carried out to inves-
igate the relationship between dye structure, ink composi-
ion and fluid viscoelasticity during ink jet printing.

ONCLUSIONS
he microemulsion system of Sinopol 80/Sinopol 963H/
annox 140/Glycerin/Deionized water was determined to be
ompatible with the best dispersing composition of disperse
yes and exhibited excellent behavior in the quasi-ternary

Table IV. The water fastness of microemulsion based disperse dye inks.

Water-fastness Test �AATCC-61-2003-2A�

nk-
ye Content
%�

Color
Change

Staining on
Cotton Fiber

Staining
on Acrylic

Fiber

60-am-4 5 5 5

60-am-8 5 5 5

109-am-3.5 5 5 5

109-am-7 5 5 5

77-bm-5 5 5 5

77-bm-10 5 5 5

99-am-5 5 5 5

99-am-8 5 5 5
hase diagrams. It can be concluded that only C.I. Disperse

417
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ellow 77 had better compatibility with other ingredients to
chieve printability of more than 8 h and lightfastness of
rade 5. Moreover, the samples of B60-am, R109-am, Y77-
m, and Y99-am in the given microemulsion presented best
tability without particle size variation in the storage stability
est. Nevertheless, the samples of B79-am and R60-am
emonstrated slightly decreased particle size in the
icroemulsion.

After the microemulsions were formulated into inks, the
amples of R109-am-7% and Y77-bm-10% could not be
rinted with thermal bubble ink jet for more than 8 h,
hich is probably due to poor heat resistance of diazo struc-

ure or larger particle clogging in the nozzle after the ink has
een frequently heated in the thermal bubble print head.
hen the ink concentration was diluted in half, B60-am-4%

nd R109-am-3.5% exhibited a particle size increase and
light decrease in lightfastness, which is due to the genera-
ion of agglomerates in the unbalanced system with higher
mounts of surfactants and solvent. Notably, it was found
hat anthraquinone dyes yield higher lightfastness than diazo
yes to attain the lightfastness grade of 5.

The microemulsion inks of this study had many advan-
ages over other inks containing just the dye dispersions.

ne advantage was that microemulsion ink was a
icroheterogeneous system that provided a large interfacial

rea to accommodate dye content up to 8–10% and low
iscosity to effectively meet the demand of ink drop perfor-
ance without adding other viscosity modifiers. Another

dvantage was that microemulsion inks produced printed
ot sizes that were nearly independent of the surface prop-
18
rties of the medium; they could present good printing qual-
ty either on paper or 100% polyester fabric without nozzle
logging and edge feathering. The most important advantage
as that dyes in the given microemulsion exhibited smaller
article size than in dispersion formulations and, thereby,
ood storage stability with very little particle size variation.
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