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Abstract 

A TiO2/latex composite was prepared from KH570-modified 
TiO2 and methylmethacrylate (MMA) via miniemulsion 
polymerization, and further was used to formulate a white inkjet 
ink. Fourier transform infrared spectrum (FTIR), Transmission 
electron microscopy (TEM) and thermogravimetric analysis (TGA) 
indicated that the copolymer of DNS-86 and MMA was 
successfully coated onto TiO2 surface and amount of copolymer 
was about 40%. A white inkjet ink prepared from the TiO2/latex 
composite had a small particle size, a narrow particle size 
distribution and enhanced stabilities to temperature and 
centrifugal forces. This research may provide a method to prepare 
a white inkjet ink for textile inkjet printing. 

Introduction 
TiO2 is an excellent white pigment due to its high durability 

and hiding power, which is more suitable for formulation of textile 
inkjet white ink [1,2]. However, to prepare TiO2 dispersion with 
high stability may present a great challenge due to its large 
specific gravity. 

In order to overcome the drawback and to prepare a stable 
TiO2 dispersion, many methods have been devised to modify TiO2. 
Modification of TiO2 with silane coupling agent can introduce 
some lipophilic groups onto TiO2 surface, which can effectively 
improve the dispersing performance of TiO2 in the oil phase [3-5]. 
However, the stability of TiO2 in aqueous media has not been 
improved [6-8]. To fabricate a core-shell composite which used 
copolymer as shell and TiO2 as core may be an alternative method 
for preparation of TiO2 dispersion with high stability in aqueous 
media. The copolymer plays important roles in providing strong 
repulsive static forces as well as reducing the specific gravity of 
TiO2 [9-12]. At present, a variety of techniques have been 
developed for pigment encapsulation, which may also be used for 
TiO2 encapsulation [13-15], such as emulsion polymerization [16], 
in situ polymerization [17], and phase flocculation method [18] 
and so on.  

Although there are many methods for preparation of TiO2 
dispersion, it is still problematic to obtain dispersion with high 
stability to centrifugal forces and high temperature. In this study, 
the double bonds were introduced onto TiO2 surface via silane 
coupling agent first, and then the TiO2/latex composite with core-
shell structure was prepared from KH570-modified TiO2 and 
methacrylate (MMA) via miniemulsion polymerization, and the 
properties of the TiO2/latex were further investigated. 

 
 
 
 
 

Experimental 

Materials 
TiO2 (Particle size 50 nm) was purchased from Shanghai 

Hongyunyuan Co., Ltd., China. γ-methacryloxypropyl trimethoxy 
silane (KH570) was purchased from Jiangsu Chenguang Co., Ltd., 
China. Ethyl alcohol, ammonium persulfate (APS), 
methylmethacrylate (MMA), hexadecane (HD), glycerin and 
Tween-80 were all of analytical grade, and purchased from 
Shanghai Chemical Reagent Co. Ltd., China. Distilled water was 
used in all the experiments. Allyloxy nonylphenol 
polyoxyethylene ether ammonium sulfate (DNS-86, Chart 1) was 
supplied by Adeka Co., Ltd., Japan. 

 

 

 

 
Chart 1. Chemical structure of DNS-86 

Preparation of TiO2/latex composite 

Modification of TiO2 with KH570 
A mixture of 30 g TiO2 was dispersed in a mixture solution, 

with 100 mL ethanol and 10 mL distilled water, followed by 
addition of 3 g KH-570. The pH value of the dispersion was 
adjusted to 9 by dropwise adding some amount of ammonia. The 
mixture was treated with ultrasonic machine for 10 min and then 
maintained at 30 °C for 24 h under stirring at 500 r/min. The 
mixture was centrifuged at 12000 r/min until all the particle was 
precipitated at the bottom of the centrifugal tube. The sediment 
was washed 3 times with distilled water, and then dried at room 
temperature under vacuum to get the KH570-modified TiO2. 

Preparation of TiO2/latex composite 
The procedure for preparing TiO2/latex composite involves an 

oil phase consisting of 10 g KH570-modified TiO2, 5 g MMA and 
0.3 g HD, an aqueous phase consisting of 59 g deionized water, 
0.05 g NaHCO3 and 1 g DNS-86. The oil phase was slowly 
dropped into the aqueous phase at room temperature under stirring. 
The suspension was emulsified in an ice bath for 15min by 
ultrasonic waves (input power 1100 W) to give O/W 
miniemulsion.  

The miniemulsion was transferred into a 250 mL four-neck 
flask equipped with stirrer, thermometer and condenser. When the 
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temperature of the O/W miniemulsion was raised to 70 °C and 
maintained for 30 min, 10 g aqueous solution with 2% mass 
concentration of APS was added to the flask under nitrogen. After 
finishing the addition of the initiator, the temperature of the 
mixture was kept at 70 °C for 4 h to obtain TiO2/latex composite 
dispersion.  

The TiO2/latex composite was obtained by cooling the 
mixture to room temperature. The prepared dispersion was 
centrifuged at 12000 r/min until all the TiO2/latex composite was 
precipitated at the bottom of the centrifugal tube. The sediment 
was washed 3 times with methanol and dried at room temperature 
under vacuum to prepare the TiO2/latex composite.  

Formulation of white inkjet ink 
A white inkjet ink was prepared with the TiO2/latex 

composite particles. The formulation in a weight bases was given 
as follows: 30% TiO2/latex dispersion, 30% glycerol, 1.2% 
Tween-80, and 38.8% distilled water. The above components were 
mixed under ultrasonic waves (input power 1100 W). The white 
ink was obtained after filtered through a 500 nm pore filtering 
sieve. 

Characterization 

Transmission electron microscope (TEM) 
One drop of dispersion was diluted to 2000 times with 

distilled water, and then was coated on a 400-mesh carbon-coated 
copper grid and dried in the air. TEM observations were performed 
using a Hitachi H-7000 transmission electron microscope. 

FTIR spectrum 
The samples were ground and pressed into KBr pellets. FTIR 

spectrum was recorded on a Nicolet Nexus 560 FTIR 
spectrometer. For each spectrum, it was collected at 4000-500 cm-1 
range with an 8 cm-1 resolution and 32 scans. 

Thermogravimmetric analysis (TGA) 
Thermogravimmetric analysis was performed on a Perkin-

Elmer instrument Diamond TG/DTA analyzer. 3-5 mg samples 
were placed in ceramic pot and heated from room temperature to 
800 °C at a rate of 5 °C /min under air atmosphere. 

Physical properties of the white ink 
The apparent viscosity of the dispersion was measured using 

Brookfield DV-III at 25°C with shear rate 30 s-1. The surface 
tension was measured using a ring method in Drop Shape Analysis 
System DSA100. The particle size of the white ink was measured 
by DLS method. 

Hiding power 
Hiding power (X) was tested according to the standard 

method ISO2814-1976 and evaluated using Eq. (1),  
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Where RB is the reflectance of sample coated on the black 
plate, RW is the reflectance of sample coated on white plate. 

 

Stability 
Stability to temperature (ST): The dispersion was stored in a 

sealed container at 60 °C for 24 h. ST was evaluated using Eq. (2),  

 

  

 

                                                            (2)    
Where d0 is the particle size of the original sample, and dT is 

the particle size of the sample stored at 60 °C. 
 
Centrifugal stability (Sc): The dispersion was centrifuged at 

2000 r/min for 30 min. 0.03 g super dispersion in centrifuge tube 
was taken out to dilute 2000 times with distilled water. 
Spectrophotometry was performed on a UNICO UV-2000 
spectrophotometer to determine the absorbance at the wavelength 
for the maximum absorbance (410 nm) before and after the 
centrifugal treatment. Sc was calculated according to the Eq. (3), 

 

                                      (3) 
 
Where A0 is the absorbance before centrifugal treatment, ACS 

is the absorbance after centrifugal treatment. 

Results and discussion 

TEM 

 
Fig.1 TEM photos of (a) KH570-modified TiO2 and (b) TiO2/latex composite 

As shown in Fig. 1, the diameter of TiO2/latex composite was 
much greater than that of the KH570-modified TiO2, and a core-
shell structure was observed in the TEM photos with the particle 
size of 185 nm. The result indicates that the latex was successfully 
coated onto TiO2 surface. 
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FTIR 

 
Fig. 2  FTIR of KH570-TiO2 and TiO2/latex nanoscale composite particles 

Fig.2 shows FTIR spectra of TiO2/latex composite. Compared 
with the spectra of KH570-modified TiO2, the new absorbance 
bands appeared on TiO2/latex composite at 1720 cm-1 assigned to 
C=O stretching vibration, 2952 cm-1 and 2839 cm-1 assigned to -
CH2 stretching vibration, 1637 cm-1, 1453 cm-1 and 1402 cm-1 
assigned to benzene ring stretching vibration, and 1090 cm-1 
assigned to C-O stretching vibration. There are all characteristic 
frequencies of the copolymer formed from MMA and DNS-86, 
which indicates that the latex encapsulated on TiO2 is the 
copolymer of DNS-86 and MMA. 

TGA 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.3 TGA of KH-570-TiO2 and TiO2/ latex nanoscale composite particles 

The amount of latex coated onto TiO2 surface was determined 
by TGA. As shown in Fig.3, the TiO2/latex composite had a small 
weight loss in the temperature range of 50 to 200 °C, which was 
ascribed to the evaporation of physically adsorbed water. The 
TiO2/ latex composite had higher water content than the KH570-
modified TiO2 because latex contained sulfate groups (-COO-) that 
imparted better hydrophilic performance. In the temperature range 
of 250 to 350 °C, the KH570-modified and the TiO2/ latex 
composite had a weight loss of 10%, which may be ascribed to the 
decomposition of the KH570 that was grafted onto TiO2. A 
subsequent weight loss of 40% in the TiO2/ latex composite in the 
temperature range of 380 to 550 °C, which may be ascribed to the 

decomposition of the latex coated onto the TiO2. Therefore, it can 
be concluded that latex was successfully encapsulated onto TiO2 

and the latex content was evaluated to be 40%. 

Properties of white ink prepared from TiO2/Latex 
composite dispersion 

The basic physical properties of the white ink 
The physical properties of the white ink prepared from the 

TiO2/latex composite and conventional TiO2 respectively are 
summarized in Table 1. It can be seen that the viscosity, surface 
tension and particle size of the white ink prepared from 
TiO2/PMMA composite was found to be 3.86 mPa.s, 34.4 mN/m 
and 183.5 nm, which were satisfied with printing requirements of 
Mimaki JV4-180.  

Table 1. the basic physical properties of the white ink 

White ink 
prepared 
with 

η (mPa.S) 
σ 

(mN/m) 

D (nm) 

 

TiO2 3.26 29.5 203.6 

TiO2/ latex 
composite 

3.86 34.4 183.5 

The hiding power of the white ink 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4 Hiding power of the white ink prepared from (a) commercial TiO2 (b) 

TiO2/ latex composite 

Fig. 4 shows the hiding power of the white ink prepared from 
TiO2/ latex composite and commercial TiO2, respectively. It can 
be seen that with the same amount of TiO2, the hiding power of the 
white ink prepared with TiO2/ latex composite is higher than that 
of commercial TiO2. The reason may be due to that the particle 
size of TiO2/ latex composite is smaller than commercial TiO2, 
leading to a high hiding power for cover area was increased. 

The stability of the white ink 
Fig. 5 shows that the stability of white ink prepared from 

TiO2/ latex composite is much better than that of commerical TiO2. 
In TiO2/ latex composite, some amount of -SO3

- groups were 
introduced onto the TiO2 surface, and moreover, DNS-86 was 
attached onto TiO2 surface via covalent bond. Therefore, it was 

100 200 300 400 500 600 700

40

50

60

70

80

90

100

110

120

 

 

M
as

s 
fr

ac
ti

on
/
%

Tr/?

 KH570-modified TiO
2

 TiO
2
/latex composite

a b
90.0

90.5

91.0

91.5

92.0

92.5

93.0

93.5

94.0

H
id

in
g 

po
w

er
 (

%
)

White ink

214 ©2014 Society for Imaging Science and Technology



 

 

hard to desorbing from TiO2 surface, even at high temperature or 
strong centrifugal forces. 

 
Fig.5 Stability of the white ink prepared from TiO2/ latex composite (a) stability 

to temperature, (b) centrifugal stability 

Conclusions 
TiO2/ latex composite with core-shell structure were prepared 

by miniemulsion polymerization method. The TiO2/ latex 
composite were found to have particles at 185 nm and the latex 
content was evaluated to be 40%. The white ink prepared from 
TiO2/ latex composite had a small particle size and enhanced 
stabilities to temperature and centrifugal forces, and was suitable 
for textile inkjet printing. 

Acknowledgements  
This work is supported by the Fundamental Research Funds 

for the Central Universities (JUSRP21103), Universities and 
Enterprises Prospective Joint Research Project of Jiangsu Province 
(BY2012050), Natural Science Foundation of Jiangsu Province 
(BK2012212) and a Project Funded by the Priority Academic 
Program Development of 326 Jiangsu Higher Education 
Institutions. We also thank the Jiangnan University for supporting 
in the course of research. 

References 
[1] J. H. BRAUN, Crowding and spacing of titanium dioxide pigments [J]. 

Journal of Coatings Technology, 60, 67 (1988). 

[2] S. Kim, S. Hong, Kinetic study of photo catalytic degradation of 
volatile organic compound in air using thin film TiO2 photo catalyst 
[J], Apply Cabal b: Environ, 15, 305 (2002). 

[3] J. Zhao, M. Milanova, M. Marijin, Surface modification of TiO2 
nanoparticles with silane coupling agents [g], Colloids and Surfaces 
A: Physicochemical and Engineering Aspects, 413, 273 (2012). 

[4] V. Chen, A. Lin, F. Gan, Improvement of polyacrylate coating by filling 
modified nano-TiO2 [g], Applied surface science, 8635 (2006). 

[5] J. Teofil, S. Katarzyna, et al., Characterization of TiO2 surface 
following the modification with silane coupling agents [J], Polish 
Journal of Chemical Technology, 9, 72 (2008). 

[6] M. Sabzi, S. M. Mirabedini, J. Zohuriaan -mehr, et al., Surface 
modification of TiO2 nano-particles with silane coupling agent and 
investigation of its effect on the properties of polymethane composite 
coating[J], Progress in Organic Coatings, 65, 222 (2009). 

[7] S. Mallakpour, A. Barati., Efficient preparation of hybrid 
nanocomposite coatings based on poly (vinylalcohol) and silane 
coupling agent modified TiO2 nanoparticles [J], Organic coatings, 71, 
391 (2011). 

[8] E. Ukaji, T. F., M. Sato, The effect of surface modification with silane 
coupling agent on suppressing the photo-catalytic activity of fine 
TiO2 particles as inorganic UV filter [J], Applied Surface Science, 
254, 563 (2007).  

[9] M. O. Adriano, L. Maria, Encapsulation of TiO2 by emulsion 
polymerization with methyl methacrylate (MMA) [J], Polymer 
Bulletin, 477 (2005).  

[10] J. Chen, Y. Zhou, Q. L. Nan,et al., Synthesis characterization and 
infrared emissivity study of polymethane/TiO2 nanocomposites [J], 
Applied Surface Science, 253, 9154 (2007).  

[11] A method of titanium dioxide on the surface of inorganic and organic 
modification [P]．China CN1995155, 2007.07.11.  

[12] S. S. Mahnoud, Electroless deposition of nickel and copper on 
titanium substrates characterization and application [J], Journal of 
Albys and Compounds, 472, 595 (2009). 

[13] H. Ghurmallah, E. Alghamdi, David Sudol, Encapsulation of titanium 
dioxide in styrene.n-butyl acrylate copolymer by miniemulsion 
polymerization [J], Journal of Applied Polymer Sicence, 3479 (2006). 

[14] P. Liu, T. Tang, Surface-graft hyper branched polymer via self-
condensing atom transfer radical polymerization from zinc oxide 
nanoparticles [J], Polymer engineering and science, 1298 (2007). 

[15] T. Jung, H. K. Joo, K. Jong, Surface-initiated atom transfer radical 
polymerization from TiO2 nanoparticles [J], Applied Surface Science, 
255, 3739 (2009). 

[16] X. Chen, Y. Jin, Y. Lee. Preparation of nano-TiO2/polyurethane 
emulsion via in situ RAFT polymerization [J], Progress in Organic 
Coatings, 69, 534 (2010). 

[17] X. Ma, M.Wang, G. Li, Preparation of polyaniline-TiO2 composite 
film with in situ polymerization approach and its gas-sensitivity at 
room temperature [J], Materials Chemistry and Physics, 98, 241 
(2006). 

[18] K. Lee, K. Choo, Hybridization of TiO2 photocatalysis with 
coagulation and flocculation for 1, 4-dioxane removal in drinking 
water treatment [J], Chemical Engineering Journal, 231, 227 (2013). 

Author Biography 
Shaohai Fu received his PhD in College of Textiles and Clothing 

from Jiangnan University (2006). Since then, he has worked in Key 
Laboratory of Eco-Textiles of the Ministry of Education, Jiangnan 
University. His work has focused on textile dyeing and printing, digital 
textile inkjet printing and pigment modification. Now, He is the vice 
President of College of Textiles and Clothing, Jiangnan University, and a 
member of SDC and AATCC.

40 50 60 70 80 90

30

40

50

60

70

80

90

100

 

 

S
t/

%

Temperature/?

 TiO2
 TiO2/latex composite

a

0 500 1000 1500 2000 2500 3000 3500
20

30

40

50

60

70

80

90

100
 

 

 TiO2
 TiO2/latex composite

S
c/

%

Centrifugal rate( r/min)

b

Digital Fabrication and Digital Printing: NIP30 Technical Program and Proceedings 215




