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Silver oxide pastes were formulated from silver oxide powder, silver
a-neodecanoate, and solvents, which lowers the sintering temperature of
printed silver films to 150�C. In this paper, solvent effects were investigated
through the formulation of silver oxide pastes using various solvents with high
boiling points such as glycol, ether, and terpineol. Solvent structures such as
terminal methyl and alkoxyl groups affected the solubility of silver a-neode-
canoate and the swelling of the polydimethylsiloxane (PDMS) blanket. Par-
ticularly, higher solubility induced uniform mixing of the silver oxide powder
and silver a-neodecanoate, which resulted in higher conductivity after sin-
tering. Glycols and monoalkyl ethers reacted with the silver oxide or silver
salt, which deteriorated the pot life of the paste. Among the various candi-
dates, a-terpineol satisfied all the requirements such as printability and sta-
bility, exhibiting a solubility of 47.8 g in 100 g of solvent, PDMS swelling of
4.6%, and conductivity of 1.8 9 105 S/cm after sintering at 150�C for 30 min.

Key words: Ink formulation, low-temperature sintering, roll-to-roll printing,
silver a-neodecanoate, silver oxide pastes

INTRODUCTION

Printing technology for the fabrication of func-
tional electronic devices, so-called printed electron-
ics, is in the spotlight as a newly emerging
technology because of its ecofriendly and cost-
effective benefits. In recent years, traditional
printing methods, mainly inkjet and screen printing
as well as gravure, offset, and flexographic printing,
have been applied to the development of touch
panels, solar cells,1–3 flexible displays,4,5 thin-film
transistors,6–11 and smart labels.12 Among these
printing methods, gravure, offset, and flexographic
printing are commonly employed as roll-to-roll
methods and thus have the advantage of mass pro-
duction. In particular, high aspect ratios and high
resolution are increasingly important issues in

printing techniques, enabling manufacturers to
replace indium tin oxide (ITO) films in touch panels
with low-priced metal electrodes and to improve the
power conversion efficiency of solar cells.13–15

The paste material is obviously one of the most
important factors influencing the electrical conduc-
tivity and printing quality. Recently, for flexible
devices, organic films such as polyethylene tere-
phthalate (PET), polyethylene naphthalate (PEN),
and polyimide (PI) films have been used as sub-
strates for printed devices.4–12 Therefore, there has
been strong demand for paste with a sintering
temperature below the glass-transition tempera-
tures of such organic substrates.16,17 For this low-
temperature sintering, the use of nanoparticles has
been the focus of paste study, owing to their
advantages of large surface area (A) and surface
energy (c).18–20 Generally, the driving force for sin-
tering is the reduction of the total interfacial
energy: D(cA) = DcA + cDA.20 Therefore, reduction
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of particle size can increase the driving force for
sintering, which effectively functions to lower the
sintering temperature.21 Silver nanoinks for inkjet
printing have been reported to have a resistivity of
�3 lX cm after sintering at 250�C,16,17 and Buffat
reported that the size of gold particles also affected
the melting point.21 However, this low-temperature
sintering makes it more problematic to achieve
other material performance and reliability require-
ments for device applications.16,17,20 To transcend
this limitation, ink formulation becomes as impor-
tant as the synthesis of nanoparticles. In particular,
the solvent used in the paste has decisive effects on
the sintering temperature, the stability of the paste,
as well as its printability. However, very few ap-
proaches such as ink formulation or investigation of
solvent effects for low-temperature sintering have
been presented.22,23

Honda et al.22,23 demonstrated a novel idea for
low-temperature sintering of silver oxide pastes
using nanosized silver oxide powder and silver
metallorganic compounds. The mixture of silver
oxide powder and silver metallorganic compounds
has shown excellent processability as well as high
conductivity after thermal treatment. Chun et al.24

suggested the use of silver oxide pastes with silver
alkanoate for roll-to-roll printing, and their films
printed on a PET substrate could be sintered at
150�C. The conductivity of the silver oxide pastes
was found to depend upon the linear chain length n
of the silver salt, AgOCO-C(CH3)2-(CH2)n-CH3.
However, it is still necessary to explore how the
silver salt works with other components in the paste
during sintering, and how the silver oxide pastes
are transformed into silver films. Especially, the
solvent in the paste has decisive effects on the sta-
bility of the paste, its printability, and its sintering
temperature. Moreover, in a mixture of silver oxide
powder and silver metallorganic compounds, the
solubility of the silver metallorganics can also
influence the dispersion. The solvent should not
degrade the roll-blanket materials or paste stability
in the short term, i.e., the solvent should not
interact with other components or materials in the
paste before sintering. As an ongoing part of silver
oxide paste research, in this study, the effects of
solvent variation on paste properties were evalu-
ated and the optimum solvent for silver oxide paste
is suggested. To perform a thorough and systematic
investigation, our focus of experimentation was on
the following: (1) the solubility of silver neodecano-
ate, (2) the swelling of the roll blanket made of
polydimethylsiloxane (PDMS), (3) the interaction
with silver oxide, (4) conductivity, (5) microstruc-
ture, and (6) the fluidity of the paste.

EXPERIMENTAL PROCEDURES

As solvents for silver oxide paste, dipropylene
glycol (DPG), triethylene glycol (TEG), tetraethyl-
ene glycol (TTEG), diethylene glycol monobutyl

ether (DEGBE), dipropylene glycol monomethyl
ether (DPGME), dipropylene glycol monobutyl ether
(DPGBE), tripropylene glycol monomethyl
ether (TPGME), tripropylene glycol monopropyl ether
(TPGPE), tripropylene glycol monobutyl ether (TPG-
BE), diethylene glycol dibutyl ether (DEGDBE),
dipropylene glycol dimethyl ether (DPGDME), tri-
ethylene glycol dimethyl ether (TEGDME), tetra-
ethylene glycol dimethyl ether (TTEGDME), and
a-terpineol were purchased from Aldrich and used
as received. Granular silver oxide powder was pur-
chased from Kojundo, Japan. Sylgard 184 silicone, a
two-part PDMS elastomer, was purchased from
Dow Corning. For solid PDMS, a 10:1 mixture of
base and curing agent was mixed and degassed
under vacuum and cured at room temperature for
24 h.

The silver salt was synthesized following modified
procedures, as described by Vest25 and Smith.26

Aqueous sodium hydroxide solution was slowly
added to an equimolar amount of neodecanoic acid
in methanol and stirred for 1 h. If needed for neu-
tralization, diluted nitric acid was added to adjust
the pH to 7. Then, an equimolar amount of aqueous
silver nitrate was added and stirred for 1 h to pro-
duce a white precipitate of silver neodecanoate. The
precipitate was collected by filtration and washed
with distilled water and methanol. Then, it was
dried in a vacuum oven overnight.

The silver oxide pastes used in this study were
prepared by mixing silver oxide powder (Kojundo,
Japan) and a-silver neodecanoate in solvent. All
materials were mixed for 2 min and degassed for
1 min using a planetary mixer (AR-250; Thinky,
Japan). Subsequently, uniform pastes were pre-
pared using a triple-roller grinder (Exakt 50,
Germany), which breaks agglomerates of silver(I)
oxide particles. Their mixing mass ratio was 4:4:2
silver oxide powder, a-silver neodecanoate, and sol-
vent, as based on our previous results.24 Each solvent
listed in Table I was used for the silver oxide paste,
and their viscosity was measured using a conventional
rheometer (Brookfield DV-III Ultra, Germany).

The silver oxide paste was coated onto a PET
film with a thickness of 30 lm using a wire-wound
rod coater27 and cured at 150�C for 30 min. The
four-point probe method28 (ASP probe, MCP-TP03P
and Mitsubishi Chemical, MCP-T600, Japan) was
used to measure the sheet resistance of the silver
film, Rs. The thickness, t, of the silver films was
measured using a Teclock thickness gauge follow-
ing JIS K6783. The electrical resistivity, q, of the
Ag films was calculated as q = Rs 9 t. Three sam-
ples were tested and averaged for each paste
composition. The microscopic morphologies of the
silver films were observed under a field-emission
scanning electron microscope (s-4800; Hitachi,
Japan).

Typically, an excess amount of silver neodecano-
ate was dissolved in the solvent to obtain a satu-
rated solution, which was then filtered through a
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0.45-lm membrane filter. The ultraviolet absor-
bance of the filtered solution was measured from
210 nm to 220 nm. This was performed after form-
ing a 100-fold dilution by mixing a 100-lL aliquot of
the filtered solution with 10 mL of solvent. Absor-
bance data were referenced to that obtained with a
solution of 50 mg silver neodecanoate in 10 mL of
solvent.

Swelling of PDMS was defined as

Swelling %ð Þ ¼ ðL� L0Þ=L0 � 100;

where L0 and L are the original length and the
expanded length of PDMS mesh patterns after
swelling, respectively. Therefore, swelling was
measured by comparing the pitch width of PDMS
mesh patterns before and after immersion in the
solvent.29 The patterned PDMS sheet was made by
molding and curing.29 The dimensions of the mesh
were 300 lm pitch and 1 mm thick. The PDMS
pieces were punched in the shape of a circle and
immersed in each solvent for 24 h at 25�C. The pitch
width of the PDMS mesh pattern was measured
using a Keyence VF-7510 profile micrometer. Two
samples for each solvent were tested and averaged.
For each sample, two different positions were
selected and measured.

RESULTS AND DISCUSSION

The silver oxide pastes were formulated from sil-
ver oxide powder, silver a-neodecanoate, and sol-
vent. To examine the effect of solvent structure on
the paste’s properties, various candidate solvents
for the silver oxide pastes with high boiling points
were investigated and are listed in Table I. Solvents
with high boiling points were selected because a low
boiling point is not conducive to maintaining uni-
form quality of the paste during printing due to the
easy evaporation of the solvent. No additional
binders or additives were added to the silver oxide
paste. The basic solvent structures listed in Table I
are R1-(CHR3-CH2-O)n-R2, where R1 and R2 are the
functional groups at the terminal points and
-(CHR3-CH2-O)n- is the repeating chain unit with a
chain length of n in the solvent structure. The sol-
vents can be classified into small groups of alcohol,
glycol, and ether based on R1 and R2.

The solubility of silver a-neodecanoate in solvent
was investigated as shown in Table I, because the
solubility of silver a-neodecanoate can affect the
uniform mixing of the paste, which is closely related
to the uniform dispersion of silver oxide powder in
the paste and the thixotropy of the silver oxide
paste. In this study, solubility was defined as the

Table I. Solvent structure, boiling point, solubility of silver a-neodecanoate, swelling ratio of PDMS, and
exhibition of the silver mirror reaction

No. Solvent

Structure

R1O
O

R2

R3

n

Boiling
Point (�C)

Solubility
(g/100 g)

Swelling
(%)

Occurrence
of Silver
Mirror

Reactionn R1 R2 R3

1 Dipropylene glycol 2 H H CH3 275 0.06 0.9 Yes
2 Triethylene glycol 3 H H H 285 0.64 0.7 Yes
3 Tetraethylene glycol 4 H H H 327 0.71 0.5 Yes
4 Diethylene glycol monobutyl ether 2 C4H9 H H 231 26.5 1.6 Yes
5 Tripropylene glycol monopropyl ether 3 C3H7 H CH3 261 27.5 4.1 Yes
6 Tripropylene glycol monomethyl ether 3 CH3 H CH3 243 30.7 4.1 Yes
7 Tripropylene glycol monobutyl ether 3 C4H9 H CH3 276 33.9 4.0 Yes
8 Dipropylene glycol monomethyl ether 2 CH3 H CH3 188 37.2 6.2 Yes
9 Dipropylene glycol monobutyl ether 2 C4H9 H CH3 227 39.9 2.3 Yes
10 Triethylene glycol dimethyl ether 3 CH3 CH3 H 216 29.8 2.7 No
11 Tetraethylene glycol dimethyl ether 4 CH3 CH3 H 275 38.5 1.4 No
12 Diethylene glycol dibutyl ether 2 C4H9 C4H9 H 256 43.5 17.1 No
13 Dipropylene glycol dimethyl ether 2 CH3 CH3 CH3 175 47.9 21.9 Yes
14 a-Terpineol

OH

220 47.8 4.6 No

Solubility is the maximum equilibrium amount of solute that can dissolve per 100 g solvent. Swelling is the percentage of expanded PDMS
mesh patterns by solvent.27
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maximum equilibrium amount of a solute that could
dissolve per 100 g of solvent. The solvent groups in
Table I follow a certain trend in solubility. Glycols
1–3 with hydroxyl groups -OH at both terminals R1

and R2 showed low solubility, below 0.71, regardless
of the chain length n. However, ether groups 4–13
with one or two alkoxyl groups at R1 and R2 showed
conspicuously high solubility of 26 to 47. The more
alkoxyl groups at the terminals, the higher the
solubility. Moreover, a-terpineol 14, with three me-
thyl terminal groups, revealed the highest solubility
of 47.8. Solubility is determined by the balance of
intermolecular forces between the solvent and the
solute.30–32 In particular, the polarity of functional
groups can be understood intuitively from the dif-
ference in the electronegativity between atoms. -OH
is a representative example of a polar bond, giving
polarity to methanol or water.33 On the other hand,
-CH3 can be understood as a nonpolar bond.33 The
solute in this study, silver a-neodecanoate, AgOCO-
C(CH3)2-(CH2)5-CH3, has several methyl groups and
hydrocarbon chains with silver functional groups.
AgOCO- may show some degree of polarity, but the
main body of the methyl groups and hydrocarbon
chains can show nonpolarity.34 Therefore, to dis-
solve the silver a-neodecanoate, the solvent should
be nonpolar and the methyl groups of solvents can
be very helpful to increase solubility. From this
point of view, the glycols 1–3 in Table I with
hydroxyl bonds –OH at both terminal points are not
good for dissolving silver a-neodecanoate because
they have high polarity, as does ethanol.34 In the
case of ethers 4–13 in Table I, instead of the
hydroxyl functional groups, the solvents have alk-
oxyl groups at the terminal points of the solvent,
which are favorably towards the solubility of the
solvent. a-Terpineol 14 in Table I shows the highest
solubility, with three methyl functional groups. The
two carbon bridges between the ether oxygens, the
main structure of the solvents in Table I, is a typical
chain structure of crown ether, which has regularly
shown complexation with alkali and alkaline earth
metal salts.35–40 In the study of open chain analogs
of crown ether podands, adequate lipophilicity was
required for useful application of liquid membranes
or organic solvents as phase-transfer agents,41,42

and the lipophilicity can be regulated by attaching
either aromatic residues or methyl pendants to the
podand.43 This also explains that the solubility
trends in Table I could originate from the change in
lipophilicity. In the case of the bridge effect in pod-
ands, the formation of metal complexes was affected
by the type of bridge such as (CH2CH2)2O, (CH2)3,
and (CH2)2, which was explained with a three-
dimensional, ‘‘wrap-around’’ coordination of the
metal cation.44 In Table I, monoalkyl ether groups
4–9 and dialkyl ether groups 10–13 show different
trends of solubility of silver a-neodecanoate. In the
monoalkyl ether groups 4–9, where only R1 is
replaced by an alkoxyl group, the effect of the length
n of the -(CH3)CHCH2O- chain can be recognized by

comparing 6 (solubility 30.7) with 8 (solubility 37.2),
and 7 (solubility 33.9) with 9 (solubility 39.9),
respectively. This means that, the shorter the chain
length, the higher the solubility of the organic silver
salt. On the other hand, in the dialkyl ether groups
10–13, another trend is observed for the -(CH2)2O-
chain. Comparing 10 (solubility 29.8) with 11
(solubility 38.5), the higher solubility is a result of
the longer chain length. Initially, the hydrocarbon
chain of -CH2- shows nonpolar nature; therefore, it
plays a role of reducing the polar effect of the ter-
minal group, similar to the way in which the
polarity of alcohols decreases with the carbon chain
length.34 Similarly, the effect of the -(CH2)2O- chain
can be observed in ethylene glycol. With an increase
of the -(CH2)2O- chain, the polarity of the ethylene
glycol decreases slightly.34 Therefore, a longer
-(CH2)2O- chain can reduce the polarity of dialkyl
ether and facilitate complex formation with silver,
which results in higher solubility of silver a-neode-
canoate. On the other hand, the -CH(CH3)CH2O- chain
can have higher polarity than -(CH2)2O- because of
the structural asymmetry. Moreover, in the case of
monoalkyl ether, one of the terminal groups has a
–OH group, so the asymmetric structure of ether
can induce a higher polarity than for dialkyl ether.
The shorter chain length of -CH(CH3)CH2O- is
rather helpful in reducing the polarity of the solvent
and increasing the solubility.

In gravure-offset printing, PDMS is usually used
for the roll-blanket material, so that the solvent
must not have a rapid chemical or physical inter-
action with PDMS. Specifically, swelling of PDMS
by the solvent can cause serious damage to the
printing quality and the lifetime of the PDMS roll.
Table I also presents the swelling of PDMS for each
solvent, defined as the percentage expanded length
of PDMS mesh patterns.29 Glycols 1–3, with very
low solubility, have low swelling rates of 0.5% to
0.9%. However, ethers 4–13, having higher solubil-
ity than glycols, exhibit a wide range of swelling
from 1.6% to 21.9%. In particular, diethylene glycol
dibutyl ether 12 and dipropylene glycol dimethyl
ether 13, which rank the highest in solubility at
43.5 and 47.9, also show the highest swelling at
17.1% and 21.9%, respectively. The rest show lower
swelling, below 6.2%. This result reveals that the
swelling of PDMS exhibits a similar tendency to the
solubility in the solvent. Although the relationship
between d and swelling is not linear and differs for
each solvent system, it is expected that a solvent
with d similar to that of PDMS will swell
PDMS.45–48 This is not surprising considering that
solubility is measured by the degree of swelling of
materials such as cross-linked polymers that do not
dissolve.43–46 It was also found that a solvent with
high swelling of PDMS showed high solubility.29

PDMS has a low dipole moment, i.e., low polar
properties,45 so nonpolar solvents such as benzene,
pentane, cyclic hydrocarbons, aromatic hydrocar-
bons, halogenated compounds, and ethers (diethyl
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ether, dimethoxyethane, tetrahydrofuran) revealed
high solubility and high swelling.29 In Table I, the
low swelling of the glycols 1–3 may be due to their
high polarity. Most alcohols such as 1-propanol,
ethanol, methanol, phenol, ethylene glycol, and
glycerol were reported to have low solubility and
therefore did not cause the PDMS to swell.49,50

Some solvents showed reduction of silver salt into
silver to form a silver mirror on the clean glass
vessel. The solvent, including ketone or aldehyde,
can reduce the silver salt or silver oxide powder in
the paste to silver. While maintaining the high
solubility of silver a-neodecanoate and low swelling
of PDMS, the solvent should also not reduce the
silver salt or silver oxide to silver according to this
so-called silver mirror reaction. Fourteen kinds of
candidate solvent were examined for the silver
mirror reaction, and glycols 1–3 and monoalkyl
ethers 4–9 were positive for the silver mirror
reaction, as summarized in Table I. The hydroxyl
radical in the primary alcohols can be transformed
to ketone or aldehyde forms, so reduction reactions
of silver a-neodecanoate with glycol and monoalkyl
ethers may occur. However, in the case of a-terpin-
eol 14, the hydroxyl functional group -OH cannot be
transformed into other forms. Thus, it is stable
enough to prevent the silver mirror reaction with
silver a-neodecanoate. Only four solvents among the
candidates in Table I do not exhibit the silver mir-
ror reaction.

Among the solvents free from the silver mirror
reaction, only three had solubility higher than 30.
Using these three solvents (a-terpineol 14, tetra-
ethylene glycol dimethyl ether 11, and diethylene
glycol dibutyl ether 12), silver oxide pastes were
formulated. Each silver oxide paste was sintered at
150�C for 10 min to 30 min. Figure 1 shows the
conductivity of the printed silver oxide pastes using
the three different solvents with their sintering
times. a-Terpineol 14 revealed a saturated conduc-
tivity (1.76 9 105 S/cm) after 20 min, but tetraeth-
ylene glycol dimethyl ether 11 does so after 25 min.
In the case of diethylene glycol dibutyl ether 12, it
continues to increase after 30 min. The change in
conductivity reveals a direct dependence on the
solubility of the silver a-neodecanoate. Higher sol-
ubility induced uniform mixing of the silver oxide
powder and silver a-neodecanoate, which resulted in
higher conductivity after sintering. Similar results
for the solubility, depending on the -CH2- chain
length in the silver salt, AgOCO-C(CH3)2-(CH2)n-
CH3, were found in previous work.24 The paste
made with a-terpineol, which has the highest solu-
bility of 47.9, showed the best conductivity of
1.8 9 105 S/cm after 30 min of sintering, being
comparable to that of silver nanoink sintered at
170�C to 200�C.16–19 The silver nanoink showed a
conductivity of 6.7 9 104 S/cm after sintering at
150�C for 30 min, being several times lower than
that of silver oxide paste.17

This conductivity change was also closely related
to the microstructural development, as shown in
Fig. 2. Figure 2a shows as-dried silver oxide paste
consisting of granular silver oxide powder with
a diameter of �1.5 lm and rod-shaped silver
a-neodecanoate with a length of �3.2 lm. The silver
oxide paste was dried at 50�C for 5 h in a convection
oven. Figure 2b shows that silver oxide powder and
silver a-neodecanoate are reduced to silver after
sintering at 150�C for 10 min. The reduction of sil-
ver oxide powder to silver was also analyzed using
x-ray diffractometry (XRD).24 The reduced silver
particles are shown in Fig. 2b, which grow up to
�50 nm, although necking of silver particles is not
yet observed. Therefore, the conductivity still shows
a low value of 1.48 9 104 S/cm. It should be noted
that the scale bar in Fig. 2a is 20 times longer than
those in Fig. 2b–f. After 15 min (Fig. 2c), neck for-
mation of silver particles was observed and open
pores were generated. This necking can induce
noticeable improvement of conductivity, as shown in
Fig. 1. The amount of open pores, which were usu-
ally observed in the intermediate stage of sinter-
ing,20 slightly increases without grain growth in
Fig. 2d, e, which is reflected in a small improvement
in conductivity. After 30 min, silver grains grow to a
diameter of �100 nm and the open pores develop
into closed pores, indicating that densification of the
silver film has progressed.20 The relationship
between conductivity and microstructure in Figs. 1
and 2 illustrates that necking plays a critical role in
the improvement of conductivity, rather than grain
growth and densification processes, which agrees
well with other reports regarding sintering of silver
nanoparticles.16,17

Generally, viscosity is considered one of the main
factors classifying paste applications. The pastes
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Fig. 1. Conductivity changes of silver oxide pastes with sintering
time. Silver oxide pastes were formulated using three different sol-
vents: a-terpineol, tetraethylene glycol dimethyl ether, and diethylene
glycol dibutyl ether. The mixing ratio of silver oxide, silver a-neode-
canoate, and solvent was 4:4:2 by weight, and the sintering tem-
perature was 150�C.
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formulated using solvents 14, 11, and 12 in Table I
revealed a viscosity of 52 Pa s, 36 Pa s, and 10 Pa s,
respectively, which are suitable values for soft gra-
vure or gravure-offset printing. Besides viscosity,
the thixotropy of the paste, which indicates the
fluidity of the paste during printing, is more critical
for practical use of formulated pastes. To test the
fluidity of the silver oxide pastes, the simple and
useful method shown in Fig. 3 was used in this
study. In contrast to the viscosity results, only
a-terpineol, which has a higher viscosity of 52 Pa s,
exhibited good paste fluidity, as shown in Fig. 3a.
However, no fluidity at all can be observed for the

silver oxide pastes formulated with solvents 11 and
12, which means that these two pastes cannot be
applied in the soft gravure printing process.

CONCLUSIONS

Examinations performed on solvents were as fol-
lows: (1) solubility of silver a-neodecanoate, (2)
swelling of PDMS, (3) silver mirror effect, (4) con-
ductivity, (5) microstructure, and (6) fluidity of the
paste. Regarding solubility of a-neodecanoate, sev-
eral glycol dialkyl ethers and a-terpineol showed
high solubility of above 40 g in 100 g of solvent.

Fig. 2. SEM micrographs of silver oxide paste: (a) as-dried, and sintered at 150�C for (b) 10 min, (c) 15 min, (d) 20 min, (e) 25 min, and (f)
30 min. a-Terpineol was used as the solvent, and the mixing ratio of silver oxide, silver a-neodecanoate, and a-terpineol was 4:4:2 by weight.

Fig. 3. Fluidity tests for silver oxide pastes formulated with (a) a-terpineol, (b) tetraethylene glycol dimethyl ether, and (c) diethylene glycol dibutyl
ether. The snapshot was taken at 1/60 s using a typical digital camera.
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Methyl and alkoxyl groups at the terminals of the
solvent helped improve solubility. Among the sol-
vents with high solubility, diethylene glycol dibutyl
ether and dipropylene glycol dimethyl ether, each
ranking highest in terms of solubility, showed the
highest swelling of PDMS, 17.1% and 21.9%,
respectively. In the interaction with silver a-neode-
canoate or silver oxide powder, all glycol and glycol
monoalkyl ethers exhibited silver mirror reactions.
Finally, the three candidates a-terpineol, tetraeth-
ylene glycol dimethyl ether, and diethylene glycol
dibutyl ether were examined for their printability
using the viscosity and simple fluidity test, and only
a-terpineol fulfilled all the required conditions. Silver
oxide paste formulated with a-terpineol showed a
conductivity of 1.8 9 105 S/cm after sintering at
150�C for 30 min.
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