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bstract. Color Index pigment orange 13 (PO13) modified with
tyrene-maleic acid copolymer (PSMA) was prepared via phase
eparation technique. Experimental results showed that a disper-
ion with small particle size and high centrifugal stability could be
btained using number molecular weight (Mn) of PSMA at 22,500,

he weight ratio of PSMA to pigment (RC/P) at 0.24, and pigment
ontent (CP at 15%. The particles were small and uniformly dis-
ersed in aqueous media. The PO13/PSMA dispersion had high
tability and exhibited an improved printing performance when it
as applied to preparation of ink jet printing ink. © 2010 Society for

maging Science and Technology.
DOI: 10.2352/J.ImagingSci.Technol.2010.54.1.010505�

NTRODUCTION
rganic pigments modified by polymers can provide high

ightfastness and weatherability;1 these composites are widely
sed in textile dyeing and especially in ink jet printing

nks.2–5 In recent years, several techniques have been devel-
ped for preparing the composite of pigment and polymer,
uch as miniemulsion polymerization technique,6–8 layer-by-
ayer assembly technique,9,10 graft method,11,12 and phase
eparation technique.13 Employing these methods, some
ovel functions are introduced depending on the polymeric
aterials absorbed onto the pigment. For example, the sta-

ility, dispersing performance, and rheological behavior are
mproved after the pigment is coated with an amphiphilic
olymer;14 the thermal stability, acid, and alkali resistance
re enhanced when the pigment is encapsulated with some
norganic materials.9,10

In order to widen the color gamut and improve the
rinting qualities of a product for ink jet printing, we pre-
ared a dispersion of Color Index (CI) pigment orange 13
PO13) modified with styrene-maleic acid copolymer
PSMA) by phase separation technique. The effects of pro-
ess conditions on the particle size and stability of the

eceived Mar. 23, 2009; accepted for publication Jul. 28, 2009; published
nline Dec. 7, 2009.
062-3701/2010/54�1�/010505/4/$20.00.
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O13/PSMA dispersion are reported. The properties of the
ispersion and its application in ink jet printing were inves-
igated as well.

XPERIMENTAL
aw Material
I pigment orange 13 (PO13, 99.8% purity) was provided
y Wuxi Xinguang Co. Ltd.. of China; its chemical structure

s shown in Figure 1. Sodium hydroxide (analytical grade),
lycerol (analytical grade), ethylene glycol monomethyl ether
analytical grade), toluene (analytical grade), styrene (ana-
ytical grade), maleic acid (analytical grade), and 2, 2-azo-
is-isobutyronitrile (chemical grade) were all provided by
hanghai Reagent Co. Ltd.. of China.

reparation of PO13/PSMA Composite Dispersion
he PSMAs with different molecular weight were prepared
ccording to our team’s previous work.15 The molecular
eights of PSMA were determined by gel permeation chro-
atography (butanone, polystyrene standards) in tetrahy-

rofuran (THF) at an elution rate of 1ml/min at 25°C. A
ertain amount of PSMA was dissolved in a mixture solvent
f butanone and ethanol. After stirring at room temperature

or 30 min, a corresponding amount of PO13 was added.
he mixture was then dispersed in a pulverizer (Ultra Turrax

KA T18 Basic, Germany) at 10,000 rpm for 1 h. A certain
mount of toluene was added dropwise to the mixture. A
lurry of PO13/PSMA composite was obtained after cen-
rifugation and washed three times using a mixture of
utanone and ethanol; after another centrifugation, the re-
Figure 1. Chemical structure of CI pigment orange 13.
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ulting slurry was washed three times using distilled water.
he slurry was then dried at 60°C.

PO13/PSMA composite powder (15 g) was mixed with
5 g distilled water under stirring. After pH adjustment to
.0 by sodium hydroxide solution (10%), the mixture was
ispersed ultrasonically for 15 min to give a composite
ispersion.

reparation of PSMA-dispersed PO13 Dispersion
SMA �9 g , Mn =21,000� was dissolved in 203.5 g water.
fter pH was adjusted to 9.0 and 37.5 g PO13 was added to

he mixture. PSMA-dispersed PO13 dispersion was obtained
fter the mixture was treated ultrasonically until the particle
ize did not change further. This dispersion was used for
omparison to the composite dispersion.

reparation of Ink for Ink Jet Printing
he ink formulation based on weight is given as follows:
ispersion 50 wt %, glycerol 15 wt %, ethylene glycol
onomethyl ether 10 wt %, Tween-80 (surfactant)

.2 wt %, and distilled water 22.8 wt %. The ink compo-
ents were mixed together under stirring at 300 rpm until a
omogeneous dispersion was obtained. After filtration

hrough a 0.5 �m pore filtering sieve, the inks were loaded
or ink jet printing.

easurements
article Size and Morphology
ispersions were diluted 2000-fold, followed by adjustment
f pH to 8.0. The particle size �d� and particle size distribu-
ion (PDI) was measured with a Nano-ZS90 (Malvern In-
truments Ltd., U.K.). Trasmission electron microscopy
TEM) was performed with an H-7000 (Hitachi, Japan)
nstrument.

entrifuging Stability
O13/PSMA dispersion was centrifuged at 3000 rpm for 60
in; 0.03 g supernatant was then diluted 2000-fold with

istilled water. The optical absorbence �A60� was measured
sing a spectrophotometer. Relativity absorbency �r60� was
alculated according to Eq. (1) and was used for evaluation
f the storage stability of pigment dispersion;

r60 =
A60

A0

� 100% , �1�

here A0 is the absorbence of the dispersion before centri-
uge. The larger the r60 value, the higher the stability.

reeze-Thaw Stability
he dispersions were sealed and stored at −5°C for 24 h and

hen stored at 70°C for another 24 h. The treated disper-
ions were diluted 2000-fold using distilled water for mea-
uring the particle size. The freeze-thaw stability was evalu-
ted by the change in particle size �ST� as given by Eq. (2);

ST =
�d0 − dT�

d0

� 100% , �2�

here d0 and dT are the particle sizes of a dispersion before

nd after freeze-thaw treatment, respectively. The smaller the t

. Imaging Sci. Technol. 010505-
T value is, the higher freeze-thaw stability of the dispersion.

rinting Performance
he printing performances of the inks prepared from pig-
ent dispersions were tested on a pizeoelectric ink jet

rinter (Mimaki JV4–180, Japan); the diameter of nozzle
as about 50 �m. The nozzle clogging rate was calculated

ccording to Eq. (3);

B =
C1

S
� 100% , �3�

here C1 is the number of clogged nozzles, and S is the total
umber of nozzles on the printhead. The greater the B value,

he poorer the printing performance of ink.

ESULTS AND DISCUSSION
reparation of PO13/PSMA Composite Dispersion
able I shows that PO13/PSMA dispersions had a higher r60,
smaller d, and narrower PDI when Mn was about 22,500,

ither a lower or a higher Mn contributed to a larger particle
ize and a poor centrifugal stability. We believe that the rea-
on for this result was that a lower Mn failed to provide
ufficient attractive force between PSMA and pigment, while

higher Mn caused a “bridge” effect among pigment
articles.11

Figure 2 shows that the weight ratio of PSMA to pig-
ent �RC/P� of 0.24 provided the smallest particle size and

he highest stability to the dispersion. When RC/P was lower

able I. Effect of the molecular weight of PSMA on properties of PO13/PSMA disper-
ion. Note: RC/P = 0.24%, CP = 15%.

Mn, �104
d

�nm� PDI
r60
�%�

1.43 135.2 0.225 88.9

1.89 127.5 0.195 91.8

2.25 114.2 0.207 91.2

2.78 138.0 0.189 89.4

3.15 149.5 0.237 85.6

igure 2. Effect of the weight ratio of PSMA to pigment on particle size
nd centrifugal stability of PO13/PSMA dispersion, Mn=22,500,
P=15%.
han 0.24, the PSMA concentration was so low that not
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nough PSMA could absorbed onto the pigment; some pig-
ent particles would be aggregated, leading to larger par-

icles. When RC/P was higher than 0.24, some PSMA mol-
cules dissolved into the aqueous media so as to raise the
iscosity of dispersion, leading to a low wetting speed. The
entrifugal stability might be explained by Stokes equation,
uggesting that the dispersion having a large particle size
hould have a poorer stability, providing the viscosity of the
ispersion changed little.

Figure 3 shows that the dispersion was obtained with
he smallest particle size when CP reached 15%. It was
nown that interaction forces among pigment particles in-
lude the shear forces produced by stirring and the impact
orces produced by particle collision. The impact forces in-
rease with increasing CP, which results in a high dispersing
fficiency. However, when CP was higher than 15%, the vis-
osity of the dispersion would increase dramatically, to pro-
uce a dispersion with low wetting speed and, therefore,
oor dispersing efficiency.

roperties of the PO13/PSMA Composite Dispersion
he particle morphology of PO13/PSMA composite disper-

ion is shown in Figure 4. In comparison with PSMA-
ispersed PO13 dispersion [Fig. 4(b)], PO13/PSMA com-
osite dispersion had a smaller particle size [Fig. 4(a)].
hese results confirmed that the PO13/PSMA should have
ood dispersing performance.

Figure 5 shows that PO13/PSMA dispersion has higher
reeze-thaw stability than PSMA-dispersed PO13 dispersion.
n the PO13/PSMA composite dispersion, PSMA was com-
letely absorbed onto the pigment and hardly peeled off,
hile in PSMA-dispersed PO13 dispersion, PSMA was only
artly absorbed onto the pigment surface and easily peeled
ff at high temperature.

hysical Properties of Inks and Their Printing
erformance
able II shows that PO13/PSMA composite dispersion ink
PO13/PSMA ink) had superior physical properties such as a
ower viscosity, smaller particle size, and higher freeze-thaw
tability to PSMA-dispersed PO13 dispersion ink. As a con-
equence, the PO13/PSMA composite dispersion ink exhib-

igure 3. Effect of pigment content on particle size of PO13/PSMA
ispersion, Mn=22,500, RC/P=0.24.
ted better printing performance as presented in Figure 6. p

. Imaging Sci. Technol. 010505-
Figure 6 indicates that the nozzle clogging rate of the
O13/PSMA ink was lower than that of PSMA-dispersed
igment dispersion ink. The differences may be ascribed to

he fact that the particle size was larger in PSMA-dispersed

igure 4. �a� TEM photo of PO13/PSMA dispersion; �b� PSMA-
ispersed PO13 dispersion, process conditions for PO13/PSMA disper-
ion: Mn=22,500, RC/P=0.24, and CP=15%.

igure 5. Freeze-thaw stability of PO13/PSMA dispersion and PSMA-
ispersed PO13 dispersion, process conditions: Mn=22,500,
C/P=0.24, and CP=15%.
igment dispersion ink. Second, some PSMA in PSMA-
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d
w
p
f
t

C
T
c
2
fl
w
p
i

A
T
f

R

T
P

D

P

P

F
p

Fu, Xu, and Zhang: Preparation of a nanoscale CI pigment orange 13/styrene-maleic acid copolymer composite dispersion for ink jet printing

J

ispersed pigment dispersion ink dissolved into the water,
hich could change the flow performance of the ink in the
rinthead. Finally, the resultant higher viscosity, higher sur-

ace tension and apparently poorer stability would also lead
o poorer printing performance.

ONCLUSIONS
he optimal process conditions for preparing a PO13/PSMA
omposite dispersion were obtained when Mn of PSMA was
2,500, RC/P was 0.24, and CP was 15%. The stability and
uidity of PO13/PSMA dispersion under these conditions
ere superior to those of a representative PSMA-dispersed
igment dispersion. The PO13/PSMA composite dispersion

able II. Physical properties of the inks prepared from PO13/PSMA dispersion and
SMA-dispersed pigment dispersion.

ispersion system
�a

�mpa s�
�

�mN m−1�
d

�nm�
B

�%�

SMA-dispersed pigment dispersion 6.22 29.5 235.6 10.3

.O. 13/PSMA dispersion 4.37 30.2 114.7 4.7

igure 6. Printing performance of inks prepared from PO13/PSMA dis-
ersion and PSMA-dispersed PO13 dispersion.
s suitable for preparation of ink jet printing inks.

. Imaging Sci. Technol. 010505-
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