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Abstract

Organic compounds having high boiling points included in inkjet
inks remain in the printed media after printing. It has been said that these
residual organic compounds influenced the fastness of pigment ink prints,
but details of the analytical methods have not been reported, yet. In this
paper, a new analytical method was applied for detecting localization of
those organic compounds in inkjet prints after printing. Glycerin was
chosen as a typical example of those organic compounds. To analyze the
position within the printed paper, deuterated glycerin was formulated in
the ink as a probe and dynamic Secondary lon Mass Spectroscopy was
applied to detect the deuterium peak in the whole printed paper thickness.
It was found that glycerin remained in the range from the bottom of the
pigment ink layer to the pigment coating layer of the printed media. This
peak was sufficiently detectable for at least 7 days after printing. The
maximum peak of residual glycerin was located at the surface of the
coating layer of paper.

Introduction

Inkjet inks generally contain organic solvents with high boiling
points [1]. The solvent is added to the ink to ensure stable delivery of the
ink and to prevent nozzle clogging in inkjet systems. The solvent does not
evaporate at room temperature and is thus considered to remain in the
printed samples. Therefore, it has been indicated that the solvent affects
the preservation of printed images by changing the chalking resistance
(scuff resistance) [2]. Although the properties of the solvent have been
evaluated by various qualitative analytical methods [3,4], the quantitative
relationship between the residing characteristics and the chalking
resistance has not been studied. In past works, the correlation between the
residence behavior and the chalking resistance was examined by applying
glycerin, which is a common high-boiling-point solvent. The amount of
residual glycerin in paper was analyzed by using pyrolysis-gas
chromatography (Py-GC) [5]. However, in this method, the ink layer on
the paper is abraded and the obtained powder is analyzed as a bulk sample.
Thus, it is impossible to specify the location of the high-boiling-point
solvent. Another problem is that a wet ink film solidifies with time, which
makes abrasive sampling difficult. To solve these problems, the analysis
of printed material by using secondary ion mass spectroscopy (SIMS) is
considered [6]. However, the SIMS method has been applied only for
analyzing the thickness range of solid constituents containing labeled
metallic elements and has never been applied for analyzing the depth
distribution of organic compounds containing labeled elements.

In this study, we report on the local distribution of glycerin throughout the
ink layer and the paper coating layer. Inks containing deuterated
glycerin—d8 glycerin—in which all the hydrogen atoms are replaced with
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deuterium atoms were prepared, and samples printed using these inks
were analyzed along the depth direction by using SIMS. The local
distribution of the glycerin was shown by observing the ion intensity of
deuterium in the secondary ions. The advantage of this analytical
technique is that the local distribution of glycerin in the ink layer and at the
boundary with the paper coating layer can be observed directly.

Experimental

Preparation of inks and samples

Ink containing the following constituents was prepared: 6% solid
pigment (quinacridone-magenta: C.I. PR122), 22% d8 glycerin (Euriso-
top Co.), 15% glycerin (Kanto chemical Co.), 0.4% nonionic surface-
active agent (Air products Inc.), and 56.6% pure water. This ink was
loaded into a commercial inkjet printer and the output samples were
evaluated. A solid-printed sample with 31 g/m’ of ink was introduced into
a temperature-programmed desorption mass spectrometer (TDS). For the
SIMS analysis, a linear continuous pattern of single dots (each from one
droplet of 20 pL) was printed on a sheet of paper, which was then
subjected to evaluation. Paper samples A and B were prepared from
commercially available resin coat-based and photo-grade glossy paper for
general inkjet printers.

SIMS analysis

Sector-type SIMS, Imf4, at Cameca, France was used with cesium
(Cs) as the primary ions. After the sample surface was coated with
platinum (Pt), it was analyzed in the high mass-resolution mode using a
primary bias ion voltage of —14.5 kV and an ion current of 10 nA. The
diameter of the analyzed circular area was 33 wm, located at the center of
an abraded area of 100x100 um?. The etching of the sample was started
after evacuation for 30 min.

Temperature-programmed desorption mass
spectromete r(TDS)

The mass spectrum of the gases emitted into vacuum at room
temperature (22-24°C) was analyzed by a commercial temperature-
programmed desorption mass spectrometer, EMD-WA1000K, ESCO,
Japan. The evaporated pressure was 1.59x10™ KPa.

Surface profile measurement

The thickness of the ink layer on the paper and the depth of the hole
made by SIMS were measured by using a contact-type stylus
profilometer, Tencor P-15, KLA, USA.

Observation by FIB-SEM
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Analyses using a focused ion beam (FIB) (FB-2000) in
combination with a scanning electron microscope (SEM) (S-5000) were
performed. These instruments, manufactured by Hitachi Ltd., Japan, were
used at an acceleration voltage of 5 kV. Before performing FIB cutting,
the sample surfaces were coated with Pt and carbon (C).

Results

Preliminary analysis by temperature-programmed
desorption mass spectrometer
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Fig.1 Volatility of ink set on paper A masured by TDS mass spectrocopy

Fig.2 Abraded and analyzed areas by SIMS analysis

Before introducing a printed sample to the high-vacuum
conditions (10°-10 KPa) of SIMS, it must be confirmed that no glycerin
evaporates from the sample. The preliminary analysis of the evaporation
of glycerin was carried out by using a temperature-programmed
desorption mass spectrometer, which is an apparatus that performs
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qualitative analysis by measuring the mass spectrum of a sample as it is
heated and decomposed under high-vacuum conditions. In this analysis,
the existence of glycerin under high vacuum and room temperature
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Fig.3 Surface profile of magenda ink dot on Paper A.
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Fig.4 Depth profile of Magenda ink dot on Paper A after etching.

(between 22°C and 24°C) was determined. Figure 1 shows the changes in
several mass spectrum peaks with time for the printed and the blank paper
A samples. The intensity of the glycerin peaks appearing regularly at m/z
=92 was constantly zero for the printed samples as well as the blank sheet.
In the spectra for both the printed and blank samples, the detected peaks at
m/z = 18 and 17 are attributed to water (H,0O) and the hydroxyl ion (OH),
respectively. They are generated from the water contained in the paper
under the vacuum conditions. The peaks at m/z = 18 remained at a plateau
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until approximately 30 min from the beginning because the signal
overshot the detection range. Based on this measurement, it was
confirmed that the glycerin in the printed samples does not evaporate and
can be analyzed under high-vacuum conditions by using SIMS.

Analysis by SIMS

SIMS analysis of samples using magenta ink
Figure 2 shows the result of the SIMS analysis of a sample on which a
linear continuous pattern is drawn with magenta ink containing d8
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Fig.5 Intensity of seconaary ions from Magenda ink dot on Paper A 24h

after printing.

glycerin. Figures 3 and 4 show the height of the ink layer and the depth of
the hole produced by SIMS, as measured by the contact-type profilometer,
respectively. The thickness of the ink layer and the depth of the hole are
estimated to be approximately 0.25 um and 1.8 pum, respectively. Figures
5, 6, and 7 show the results of the SIMS analysis as a function of the time
after printing. SIMS etches the pigment ink layer by spattering Cs ions
along the z-direction perpendicular to the paper plane and carries out time-
resolved detection of secondary ions. The secondary ions focused on in
this work included six species: °C, 'H, *H, '%0, ®Cu, and ¥'Si. The °C,
'H, and "0 secondary ions were included in the pigment quinacridone,
the binder of the coating layer, and the high-boiling-point organic
compounds. On the other hand, a part of the "0 and all of **Si ions were
included in the silica used as the coating layer of the paper sample. In the
figures, the vertical axis represents the secondary ion intensities and the
horizontal axis, the spattering time. The data at 0 s correspond to
information about the top surface of the sample. To avoid charging in the
ion beam, the top surface of the sample is coated with Pt in advance.
Therefore, little sample information is provided by the data obtained in the
time range 0-60 s because the signals are generated in the Pt layer. After
approximately 60 s, the Pt layer is passed and the top surface of the ink
layer is exposed. The depth range of 60-300 s corresponds to the
quinacridone layer because the intensities of *C and 'H are constant. The
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secondary ion intensities of *C and "H have their first inflection points at
approximately 300 s, and then decrease for 300500 s constantly. They
also have a second inflection point at approximately 500 s, and then they
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Fig.6 Intensity of secondary ions from Magenda ink dot on PaperA 48h

after printing

decrease gradually until the end. On the other hand, the intensity curve of
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Fig.7 Intensity of secondary ions from Magenda ink dot on Paper A 7days

after printing.

30S; has its first inflection point at approximately 200 s; subsequently, it
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Fig.8 Intensity of secondary ions from Magenda ink dot on Paper B 24h

after printing

has a second inflection point at approximately 400 s, which remains
constant after 500 s until the end. The secondary ion "*O is included in the
quinacridone, glycerin, and silica of the coating layer. The intensity of "*0
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Fig.9 Intensity of secondary ions from Magena ink dot on Paper B 48h
after printing
has its first inflection point at approximately 200 s and a faint second

inflection point at approximately 450 s, which decreases slightly after 500
s. This result shows that the depth range of 200-500 s is not a clear
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boundary (NCB range). Small ink-pigment particles may intrude into the
micropores of the coating layer of the paper sample because there is no
distinct transition in the '®O intensity curve in this time range. In this
analysis, the ion intensity of deuterium (*H) is important because it
represents the glycerin distribution. Glycerin consists of C, H, and O.
Sector-type SIMS cannot distinguish between the ions of non-deuterated
glycerin and the ions of other organic compounds. However, as deuterated
glycerin is used in this analysis, it can be said that the ion intensity of *H
corresponds to that of glycerin. The natural abundance ratio of *H is
0.015%, and the ion intensity of *H in glycerin clearly differs from that of
natural “H. The background natural °H intensity was below 1.0 X 10, The
peaks of 2H corresponding to concentrated glycerin can be observed in the
depth range of 200-500 s, which is the NCB range for this paper sample.
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Fig.10 Comparision in intensity of 2H ionsfrom Magenda ink dot

between Paper A and B.

Most of the glycerin present in the magenta ink is found in this range. This
indicates that there is some shielding effect acting on glycerin when it is
transferred from the ink layer to the paper coating layer. The intensities of
38 and *0 become constant after 500 s, but the intensities of BCand 1H
decrease after 500 s, at a constant rate. It is supposed that the paper coating
layer has an over coat of resin components, which are contained in the
coating layer or the formulated amount of the resin components are
different from those in the bulk coating layer in the paper surface. To
enhance the smoothness and hardness of the paper surface, post-treatment
processes have been reported to be conducted in the production of
commercial inkjet photo paper [7]. Therefore, it was possible that the resin
components on the paper surface block the penetration of glycerin. At the
same time, both the *°Si and '®0 curves also had peaks at approximately
400 s. Hence, it was supposed that there is another coating layer with a
high ratio of silica on the surface of the paper sample; however, from the
observation of the cross-section of the coating layer (Fig. 11), there is no
evidence of such a silica layer over the paper surface. This suggests that
some other material containing silica is coated on the paper surface.

Figures 8 and 9 show the SIMS analysis results for paper sample B.
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Comparing this result with that for paper A, we observe that paper B has
more residual glycerin. This tendency is the same as that in the previous
analysis results using the Py-GC method]5]. It appears that the difference
in the diffusion rate due to the prolonged wetting of glycerin over the
coating pore surfaces causes the difference in the residual glycerin
distribution. In other words, the lower the wetting ability of glycerin over
the coating pore surfaces, the more is the residual glycerin in the NCB
range. Figure 10 shows the relative intensities of 2H to "*C for both the
papers at 24 and 48 h after printing. The peak of the residual glycerin
distribution appears to be located in the NCB range. As observed from the
peak shifts of approximately 450 second during the etching time and the
decreased peak heights, the glycerin penetrated the coating layer during
the second 24 h. In addition, the peak locations of *H for both the paper
samples were different because of the different etching rates.
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Fig.11 Cross section image of ink dot on paper A

Conclusion
Ink-jet paper samples printed with inks containing d8 glycerin,
namely, that with all the hydrogen atoms replaced with deuterium atoms,
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as a stable-isotope-labeled compound were analyzed by using SIMS. The
distribution of residual glycerin along the z-direction of the samples was
obtained. This method could be applied to other printing methods such as
offset printing using high-boiling-point solvents. Residual glycerin was
locally distributed in the ink layer and at the boundary with the paper
coating layer. Furthermore, the existence of a pigment filter cake could not
be confirmed.

References
[1] Editor:The Society of Electrophotography of Japan, Imaging Part I1,(1998)
peg.161.
[2] M. Sawada, T. Tsutumi, K. Azuma, Effects of Glycine Derivatives in Dispersed
Colorant Based Inks, IS&T NIP 19, pg241-244 (2003).
[3] F. Partouche, B. Espanet, C. Villena, C. Murie, Forensic Analysis of Inkjet
Printings by Pyrolysis GC/MS, IS&T NIP 21, pg216-219 (2005).
[4] J. Pinto, M. Nicholas, SIMS Studies of Ink Jet Media, IS&T NIP 13, pgd20-426
(1997).
[5] M. Shibatani, T. Enomae, A. Isogai, J.Printing.Sci. and Technol.,44, pg32-36
(2007). Written in Japanese.
[6] 1.S. Dalton, J.S. Preston, P.J. Heard, G.C. Allen, N.J. Elton, J.C. Husband,
Colloids and Surfaces, 205, pg183-198 (2002).
[7] US pat. 677703.
[8] W. Storbeck, D. Dietrich, R.Schneider, Fixation of Pigmented Black Ink on
Matte Coated Ink Jet Substrates, IS&T NIP 21, pg306-311 (2005).
[9] G. Desie, O.Pascual, T.Pataki, P. de Almeida, P.Mertens, S.Allaman, A.Souce
marianadin, Imbibition of Dye and Pigment-Based Aqueous Inks into Porous
Substrates IS&T NIP 19, p209-214 (2003).

Author Biography

Masaya Shibatani received M.Sc. from Shizuoka University in 1995. He has
started to work for Seiko Epson from 1999. His research interests are development of
pigment based inks and media, especially for industrial application of inkjet ink. He
has also studied Ph.D course in The University of Tokyo since 2005.

Toshiharu Enomae graduated from The University of Tokyo in 1984,
Received M.Sc. in 1986 and Ph.D. in 1993 under a title of "Studies on coating
applicability of basepaper and evaluation of coated paper structure". Currently
Associate Professor. In 1993-1995 post-doctorate research fellow for Dr. Pierre
LePoutre at Univ. of Maine. Backgrounds are paper coating and physics for
printing. Current research topics include ink-jet paper with modified calcium
carbonate.

Akita Isogai graduated from The university of Tokyo in 1980, received M.Sc.
in 1982 and Ph.D. in 1985. He was a visiting scientist at Forest Product Lab., USDA
(Madison, WI) from 1989 to 2000. He has been a Professor of The University of
Tokyo since 2003. His work has focused on cellulose and paper chemistry, especially
on wet-end chemistry of paper making process.

Society for Imaging Science and Technology





