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ABSTRACT: In this study, we investigated different types of oligomers, including an aliphatic polyester-based urethane diacrylate (CN
991) and aliphatic hydrophobic backbone (CN 9014), and different contents of the oligomers and different amounts of 2-(perfluoro-
hexyl) ethyl methacrylate (PFE) monomer in ultraviolet (UV)-curable adhesive to explore the effects of their resistance to corrosion
on the basis of the electrolyte, adhesion strength, and performance of the sealing of dye-sensitized solar cells (DSSCs). The DSSCs
were sealed with a 58% CN 9014 containing UV-curable adhesive mixed with 3.0 wt % PFE monomer, which had the greatest open-
circuit voltage and short-circuit current density. A 4.8% efficiency was obtained after the sample underwent long-term thermal stabil-
ity tests at 60°C for 37 days. The performance of the 3.0 wt % PFE-containing UV-curable adhesive in the sealing of DSSCs was bet-
ter than that of Surlyn for long-term thermal stability. In addition, this adhesive provided better resistance to corrosion because of

the electrolyte and enhanced the DSSCs’ durability. © 2015 Wiley Periodicals, Inc. J. Appl. Polym. Sci. 2015, 132, 42015.
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INTRODUCTION

Dye-sensitized solar cells (DSSCs), first identified in 1991, are
new inventions in thin films developed by Oregan and
Gritzel.' They are made of low-cost materials and are cheaper
to manufacture than silicone and copper indium gallium dise-
lenide solar cells. Because of the dye used, DSSCs can absorb
both diffused sunlight and fluorescent light. Therefore, DSSCs
have a very low cutoff that can work in cloudy weather, non-
direct sunlight, and low-light conditions (e.g., indoor).> DSSCs
have a higher power density across indoor conditions,’ large-
area applications that are light in weight,* and a display of
different colors depending on the use of different dyes® relative
to amorphous silicon and organic solar materials solar cells.
During the past few years, DSSCs have been developed to be
flexible on plastic substrates, such as indium tin oxide coated
poly(ethylene naphthalate) film,° poly(ethylene naphthalate)
film,” and a titanium or titanium alloy, such as Ti-6A1-4V
(The chemical composition consist of 6% aluminium, 4%
vanadium, 0.25% (maximum) iron, 0.2% (maximum) oxygen,
and the remainder titanium).2° However, such substrates are
more disadvantageous than glass substrates. For example, plas-
tic substrates used for DSSCs were limited because the work-
ing electrode used as the titanium dioxide (TiO,) layer needed
sintering at 400°C, and the plastic substrates readily produced
thermal degradation and outgas. They also had poorer water
and gas resistance, which could cause damage to the dye. The
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metal substrates were possibly corroded by the iodide/triiodide
redox couple, which is a crucial part of the liquid electrolyte
and is chemically aggressive toward many metals.'"' Although
the glass substrates have a lower coefficient of thermal expan-
sion than adhesives, the DSSC devices could be used in an
indoor environment in the future, this difference in the coeffi-
cient of thermal expansion could be neglected. Therefore,
today, glass substrates are still widely used in DSSCs.

In addition, the electrolytes of DSSCs consist of high-polarity
organic solvents, iodides, and additives.'” The choice of organic
solvents depends on the required cell performance. The use of
highly polar solvents, such as acetonitrile, N-methyl pyrrolidone,
3-methoxypropionitrile, poly(vinyl carbonate), y-butyrolactone,
and ethylene carbonate,"” causes the electrolyte to have a higher
thermal expansion coefficient than fluorine-doped tin oxide
(FTO) glass, which forms cracks between the sealing agents and
the FTO glass during higher temperature operations. In addition,
highly polar solvents can easily corrode adhesives; this causes elec-
trolyte leakage and reacts with the silver current collectors of
DSSC modules,” changing the electrolyte components'* during
long-term operations. Therefore, the design of the chemical struc-
ture of the adhesive is important, as it is hard to corrode the polar
solvent and iodine to prevent the leakage of iodide from the cell.

In the past, Surlyn has been used as a DSSC sealant as it is
functional up to a temperature of 120°C."> Some studies have
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used glass frits'® sintered at temperatures ranging from 580 to
650°C. Because of the high operational temperatures of these
sealants, the quality of the dye adsorbed onto the TiO, electrode
was negatively affected; this caused a desorption or deteriora-
tion of the dye and a reduction in the efficiency of the DSSC.
Therefore, some researchers, such as Hinsch et al,” used an
ultraviolet (UV) adhesive in DSSC, whereas Lee et al'” used
UV glue for the sealed injection holes and the edge of the
DSSC and a UV-curable adhesive in the DSSC module to bond
the upper and lower transparent substrates to each other while
simultaneously insulating the film between the unit electrodes.'®
UV-curable adhesives offer several advantages, including fast
curing and room-temperature curing, high thermal stability,
and excellent adhesion. However, the adhesives used for sealing
in DSSCs cause the DSSCs to have a short lifetime when they
are subjected to long-term operations. Three Bond was the first
to use UV-curable adhesives for sealing DSSCs.'” They pro-
duced 31X-101, which has high electrolytic resistance properties,
and applied it to the periphery of the gap between the two sub-
strates for DSSCs.?’ However, the high costs involved meant
that it was not well accepted in the market.

Thus far, few research activities have focused on only those seal-
ant materials that allow DSSCs to achieve high conversion effi-
ciencies in long-term thermal stability tests. To overcome
DSSCs’ short lifetime problem, in this study, we investigated the
use of a fluorine polymer, 2-(perfluorohexyl) ethyl methacrylate
(PFE), added to a UV-curable adhesive to enhance the resistance
to corrosion by electrolytes. Fluorine polymers have an
extremely strong carbon—fluorine bond and an impermeable
sheath of fluorine atoms surrounding the carbon—carbon chain.
They, thereby, provide excellent chemical and solvent resist-
ance.”’ They can also greatly enhance the flame resistance, dura-
bility, thermal stability, photostability, low surface energy, low
coefficient of friction, and wea‘therability.zz’23 Therefore, the
increased content of the fluorine monomer enhanced the chemi-
cal resistance of the polymer. In this study, we used a PFE
monomer because it had 13 fluorine groups and could provide a
lot of resistance for the solvent. In this study, we investigated dif-
ferent types and contents of oligomer in UV-curable adhesives;
this affected resistance to corrosion by the electrolyte and the
adhesion strength of the FTO glass. We also investigated differ-
ent amounts of the fluorine polymer PFE, a substance that
affects resistance to corrosion by electrolytes.

EXPERIMENTAL

Preparation of UV-Curable Adhesives and Electrolytes

The UV-curable adhesive consisted of an oligomer with differ-
ent amounts of an aliphatic hydrophobic backbone (CN 9014)
or an aliphatic polyester-based urethane diacrylate (CN 991)
purchased from Sartomer. A 9.0 wt % photoinitiator, 2-methyl-
4'-(methylthio)-2-morpholinopropiophenone, was purchased
from Tokyo Chemical Industry Co., Ltd. A 9.0 wt % acrylic
acid was purchased from Acros Organics, and a 24.0 wt %
acrylic acid isobornyl ester was purchased from Tokyo Chemical
Industry Co., Ltd. After all of the materials were mixed together,
the mixture was stirred for 1 h at room temperature.

The fluorine-containing UV-curable adhesives were prepared
with different amounts (i.e., 0.5, 1.0, 1.5, and 3.0 wt %) of PFE
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purchased from Aldrich; each amount was mixed with the blank
adhesive and then stirred for 2 h at room temperature.

The electrolyte consisted of 0.8 M 1-propyl-3-methylimidazolium,
0.1M iodine (I), and 0.5M N-methyl benzimidazole in 3-
methoxypropionitrile. All of the ingredients were purchased from
Acros Organics.

Fabrication of the DSSCs

The FTO-conductive glass (15 Q/], Ruilong Co., Inc., Taiwan)
was cleaned in acetone and ethanol (Aldrich) with an ultrasonic
cleaner. Commercial nanocrystalline TiO, (P25, Degussa) and
poly(ethylene glycol)-block-poly(propylene glycol)-block-poly(-
ethylene glycol) (P123, Aldrich) were mixed in n-butanol
(Aldrich) to form a colloidal suspension of TiO,. A TiO, layer
(~10 pm) was subsequently prepared with the doctor blade
coating technique on the FTO glass, after which it was sintered
at 400°C for 1 h. After cooling, the TiO, electrode was treated
further by a 40 mM aqueous solution of titanium tetrachloride
(Aldrich) at 70°C for 30 min and then calcined at 400°C for
1 h. After calcining and once the temperature had cooled to
80°C, the TiO, electrode was immersed in a ruthenium dye
[ditetrabutyl ammonium cis-bis(isothiocyanato)bis(2,2’-bipyr-
idyl-4,4’-dicarboxylato) ruthenium(II), N719, Aldrich] solution
(0.5 mM N719 in ethanol) for 24 h in the dark. The excess dye
was rinsed off with ethanol. The ion-sputtering method was
used to deposit a thin layer of Pt on another FTO glass sub-
strate, and this served as the cathode. The four sides of two elec-
trodes (main sealing) were sealed with a 25-um thick Surlyn
film (DuPont) at 110°C for 30 s or used with UV-curable adhe-
sives exposed to UV irradiation for 15 s (1 kW of UV light
source, 80 W/cm of UV intensity). The distance between the
sample and the UV light lamp was 15 cm. The electrolyte solu-
tion was then added through one of the two holes that had been
drilled in the counter electrode. Both holes (made for end seal-
ing) were then immediately sealed with Surlyn film or UV-
curable adhesives between the cathode substrate and a micro-
scope slide.

Characteristics of UV-Curable Adhesive Analysis

The hardness of the UV-curable adhesives was measured with a
pencil scratch hardness tester (PPH-1000, Chuanhua, Taiwan),
and the process corresponded to the ASTM D 3363 standard.
The surface morphologies and corrosion images of the cured
adhesives were analyzed via scanning electron microscopy
(SEM) with a JEOL JED 2300 instrument and recorded with a
Nikon Coolpix P310 digital camera.

The UV-curable adhesive was applied between the 1 X 1 cm?
FTO glass plates to form the pull test specimen. The specimens
were cured in a UV oven (KN-10K1, Kuang Neng Co., Ltd., Tai-
wan) with wavelengths ranging from 254 to 390 nm. The dis-
tance between the sample and the UV light lamp was 15 cm
under a power of 80 W/cm for irradiation for 15 s to complete
the curing process. Two steel bars were then attached to the two
ends of the sample and connected to a pull tester for adhesion
strength measurement at a pull rate of 20 mm/min. The pull
tester was a model Al-7000-S instrument purchased from
Gotech Testing Machines, Inc. (Taiwan). For each type of adhe-
sive sample, the pull test was repeated five times. The adhesion
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Table I. Corrosion Images of Different Oligomer Types of UV-Curable Adhesives in an Electrolyte. [Color table can be viewed in the online issue, which

is available at wileyonlinelibrary.com.]

Soaking time in electrolyte Without soaking

First day Second day

CN 991 containing UV-curable
adhesive

Corrosion percentage (%)

CN 9014 containing UV-curable
adhesive

Corrosion percentage (%)

0 100
0 63.0

100

strengths of the adhesive resins were measured with a pull tes-
ter, which adhered to the ASTM D 897 standard.

The surface energy (y) was measured with a surface tension
instrument (FTA-1000D) from First Ten Angstrom, Inc. Reced-
ing contact angles were measured by a 9-uL water drop on the
cured UV-curable adhesives; the drop was placed on the surface
of the sample for 10 s. On the basis of the Girifalco-Good—
Fowkes—Young (GGFY) method, the surface energy was com-
puted with egs. (1) and (2):*

2\/ysv v

Yrv

cos=—1+ (1)

Jo= total y )

where 0 is the contact angle, measured in degrees; ysy is the
surface tension between the solid and vapor; and yy is the sur-
face tension between the liquid and vapor.

Characterization of the Long-Term Thermal Stability of the
DSSCs

The long-term thermal stability test involved the placement of
the DSSCs into an oven at 60°C for 37 days. After the test was
completed, the photovoltaic parameters—namely, the current—
voltage—of the DSSCs were measured. The current—voltage
characterization was performed with a Keithley 2400 source
meter provided by an Oriel solar simulator (model 91192, New-
port Corp.). The conversion efficiency (1) of the solar cells was
calculated as the ratio between the maximum power (P,,) gen-
erated by a solar cell and the incident power (P;,). The incident
power was equal to the irradiance of the AM 1.5 spectrum nor-
malized to 1000 W/m? 7 was determined from the current—
voltage measurement with eq. (3):%

Py, JscVocFF
n= P I —

L X100=

in in

X100 (3)
where the Jsc is the short-circuit current density, Vpc is the

open-circuit voltage, and FF is the fill factor. FF was determined
by the ratio of the maximum obtainable power to the theoreti-
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cal obtainable power, where the latter was the product Jsc.
In addition, the efficiency degradation of the DSSC device was
calculated with eq. (4):

Efficiency degradation (%)= % X100 (4)
0
where 7, is the original conversion efficiency of the DSSC
device and #, is the conversion efficiency of the DSSC device
undergoing a long-term thermal stability test for 37 days.

RESULTS AND DISCUSSION

Effect of the Oligomer Type and Content on the Resistance to
Corrosion by the Electrolyte

The UV-curable adhesives were prepared with 29.00 wt % CN
991 and 29.00 wt % CN 9014 resin as oligomers. The two UV-
curable adhesives were glued on 1 X 1 cm?® cured silver adhe-
sives (which were previously coated on FTO glass). Then, the
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Figure 1. Adhesion strength of CN 991 and CN 9014 containing UV-
curable adhesives for FTO glass.
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samples were soaked in 10 mL of the electrolytes and kept at a
temperature of 60°C. This experimental method can rapidly
measure resistance to corrosion by the electrolyte of the UV-
curable adhesives because of the silver ions’ ability to readily
react to iodine in the form of silver iodide (AgI).26 The UV-
curable adhesives’ good protection against corrosion in the elec-
trolytes could help the silver not to react to the iodine. Table I
shows the ability of the two UV-curable adhesives to resist cor-
rosion by the electrolytes. The results obtained show that the
CN 9014 containing UV-curable adhesive had better resistance
to corrosion by the electrolyte than the CN 991 containing UV-
curable adhesive. The cured CN 991-containing UV-curable
adhesive was soaked in electrolytes for 1 day, and the adhesive
produced swelling, which caused cracking. The electrolyte-
corrosion percentage of the CN 991 containing UV-curable
adhesive was 100%, which was higher than that of the CN 9014
containing UV-curable adhesive (corrosion percentage = 63.0%),
as shown in Table I. The main reason was that the two acrylate
groups on the CN 991 oligomer structure had a higher cross-
linking density when the adhesives were subjected to photopoly-
merization; this caused the cured adhesives to have a higher
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hardness (hardness = 6H). The higher hardness adhesives easily
created cracking, as the electrolytes formed vapor pressure and
the incursive into the adhesive caused adhesive swelling. This
situation caused the iodine of the electrolyte penetration, which
reacted to the silver of the cured silver adhesive to disappear.
The cured CN 991 containing UV-curable adhesive also had
poor adhesion to the FTO glass, as shown in Figure 1; this
allowed the electrolytes to permeate easily into the CN 991 con-
taining UV-curable adhesive. However, the chemical structure of
the CN 9014 containing UV-curable adhesive included one
acrylate group with a lower crosslinking density and softness
(hardness = 4B) of the cured adhesive. These properties of the
provided adhesives did not easily create cracking because the
adhesive had some flexibility, which reduced cracking by evapo-
rating the pressure of the electrolytes in the 60°C environment.
In addition, the cured CN 9014 containing UV-curable adhesive
had good adhesion for the FTO glass, as shown in Figure 1.
This helped the CN 9014 containing UV-curable adhesive have
a better ability to resist corrosion.

As the CN 9014 containing UV-curable adhesive had better resist-
ance to corrosion by the electrolyte than the CN 991 containing

Table II. Corrosion Images of Different Oligomer Contents in UV-Curable Adhesives in an Electrolyte. [Color table can be viewed in the online issue,

which is available at wileyonlinelibrary.com.]

Soaking time in electrolyte  First day Second day

Third day

Fourth day Fifth day Eighth day

19.14 wt % CN 9014

Corrosion (%) 62.0 100

29.00 wt % CN 9014

Corrosion (%) 61.0

38.28 wt % CN 9014

Corrosion (%) 50.5

48.72 wt % CN 9014

Corrosion (%)
58.00 wt % CN 9014

Corrosion (%)

81.5
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Figure 2. Adhesion strength of the oligomer with different contents of the
UV-curable adhesive for FTO glass.

UV-curable adhesive, in the study, we investigated the influence
of resistance to corrosion by the electrolyte for different content
amounts of the CN 9014 oligomer. The UV-curable adhesives
were added and had a range of different contents of CN 9014
oligomers—namely, 19.14, 29.00, 33.28, 48.72, and 58.00 wt %.
The samples of UV-curable adhesives, each with different
oligomer contents, were glued on 1 X 1 cm” cured silver adhe-
sives (which had previously been coated on FTO glass), and the
samples were then soaked in 10 mL of electrolytes. The different
levels of resistance to corrosion of the different UV-curable adhe-
sives are shown in Table II. The results obtained show that the
19.14 and 29.00 wt % of the CN 9014 oligomer content in UV-
curable adhesives had a poor ability to resist corrosion; their elec-
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trolyte corrosion percentage was 100%, and the silver of the silver
paste was dispersed with only 1 day of soaking time. When the
CN 9014 oligomer content was increased to more than 29.00 wt
% (i.e., 38.28 and 48.72 wt %), the cured adhesives showed an
increased ability to resist corrosion (electrolyte corrosion
percentage = 96.0 and 50.5% for 1 day of soaking time). The CN
9014 oligomer content of the UV-curable adhesives with 58.00 wt
% demonstrated the largest resistance to corrosion. The electro-
lyte corrosion percentage was 2.5% for 1 day of soaking time.
The silver paste remained on the FTO glass, and the electrolyte
corrosion percentage was 81.5% after the adhesives were soaked
in electrolytes for 8 days.

In addition, Figure 2 shows the adhesion strength of the UV-
curable adhesive for FTO glass at different amounts of CN 9014
oligomer. When the CN 9014 oligomer content was decreased,
the adhesion strength for FTO glass decreased. In the case of the
lower CN 9014 oligomer content, the relative amounts of acrylic
monomer increased in the adhesives, and the hardness of adhe-
sives after exposure increased; this produced poor adhesion
strength for the FTO glass.”” This poor adhesion could have been
due to the cured adhesives’ poor resistance to corrosion by the
electrolyte. In addition, as previously mentioned, harder adhe-
sives easily created cracking when the electrolytes” incursion into
the adhesive caused adhesive swelling; this was also likely to
occur.

Effect of Different Contents of PFE Prepared in UV-Curable

Adhesives on the Resistance to Corrosion by the Electrolytes

In this study, we further investigated the influence of efficiencies
of DSSCs with blank UV-curable adhesives with different PFE
monomer contents (i.e., 0.5, 1.0, 1.5, and 3.0 wt %). The different
PFE monomer contents of UV-curable adhesives were coated on
FTO conductive glass, after which the samples were then

Figure 3. SEM images of the PFE-containing UV-curable adhesive with different PFE monomer contents: (a) blank, (b) 0.5 wt %, (c) 1.0 wt %, (d) 1.5

wt %, and (e) 3.0 wt %.
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subjected to irradiation for 15 s by UV light and soaked in the
electrolyte at 60°C for 37 days. Figure 3(a) shows the SEM images
of the cured blank adhesive, which became quite porous; this
indicated that the cured blank adhesive was significantly corroded
by the electrolyte. The results obtained by the cured blank adhe-
sive show poorer resistance to the corroded electrolyte than to
Surlyn, as shown in Figure 4. Therefore, the blank adhesive was
added to 0.5-3.0 wt % PFE monomer; the SEM images of the
cured adhesive during soaking in the electrolytes at 60°C for 37
days are shown in Figure 3(b—e). The results obtained from the
blank adhesive contents of 0.5 and 1.0 wt % PFE monomer
showed that some folds in the surface of the cured adhesives were
corroded by the electrolytes. When the blank adhesive contained
3.0 wt % PFE monomer, the surface of the cured adhesive was
smooth and not porous; this indicated sufficient resistance to the
corroding electrolytes. As the PFE monomer had 13 fluorine
groups, it was important to determine which adhesives contained
a sufficient amount to enhance the adhesives’ resistance to corro-
sion by the electrolytes. Therefore, the blank adhesives were
selected to contain more PFE monomer to increase the resistance
to corrosion by the electrolytes.

In addition, the PFE monomer content was increased in the
blank adhesive, whose contact angles were increased and surface
energies decreased, as shown in Table III and Figure 5. The

Table III. Surface Energy of Cured UV-Curable Adhesives with Different
PFE Monomer Contents

PFE (wt %) Surface energy (mJ/m?) Content angle (°)
Blank 2211 +0.25 83.69+0.25
0.5 20.78 £0.20 85.64 +0.20
1.0 19.58+0.47 86.32+0.47
1.5 15.47+0.35 87.46+0.35
3.0 13.72+0.30 9411 +0.30
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Figure 4. SEM images of Surlyn soaked in an electrolyte for (a) 5, (b) 15, (c) 20, (d) 25, (e) 30, and (f) 37 days.

water contact angle of the cured blank adhesive was 83.69°.
When 3 wt % PFE in the blank adhesive had the highest con-
tact angle of 94.11°, the surface energy was computed with egs.
(1) and (2), and we obtained a value of 13.72 mJ/m?; this was
lower than that of the blank adhesive (22.11 mJ/m?). The PFE
monomer included 13 fluorine groups; these hydrophobic
groups made the water have poor wettability and, thereby,
caused the water to have a high contact angle. Therefore, when
the PFE monomer in the blank adhesives was increased, the
lower intermolecular interactions typically resulted in lower sur-
face energies than found in the blank adhesives. In addition,
Leadley et al®® reported that fluorinated siloxanes have a low
surface energy and good solvent resistance. Therefore, the 3.0
wt % PFE UV-curable adhesive had a lower surface energy, and
this led better resistance to corrosion by the electrolytes.

As commercial Surlyn is commonly used in DSSC sealants, it is
important to discuss the effects of Surlyn corrosion by electro-
lytes. The Surlyn was soaked in the electrolytes for different
periods of time (i.e., 5, 15, 20, 25, 30, and 37 days) at a temper-
ature of 60°C; the SEM images are shown in Figure 4. The
results obtained show that the Surlyn made a few protrusions
after soaking for 25 days. Thus, the Surlyn began to be corroded
by the electrolytes. When the Surlyn soaking time was increased
to 30 days, the surface of the Surlyn formed more protrusions.
After we soaked for 35 days, the surface of the Surlyn showed
the most protrusions; this indicated that Surlyn had been exten-
sively corroded by the electrolytes. Therefore, Surlyn cannot
serve as a long-term seal for DSSCs.

Photovoltaic Parameters of the DSSCs with Different PFE
Contents

The photovoltaic parameters of the DSSCs for different PFE
contents obtained with eq. (1) are shown in Figure 6. The Vg,
Jsco and 71 values increased as the PFE monomer content
increased in UV-curable adhesives when the DSSCs were
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Figure 5. Content agent images of the PFE-containing UV-curable adhesive with different PFE monomer contents:

(a) blank, (b) 0.5 wt %, (c) 1.0 wt

%, (d) 1.5 wt %, and (e) 3.0 wt %. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

subjected to long-term thermal stability for 37 days. This result
was also demonstrated by the SEM images in Figure 3. The
samples offered sufficient resistance to the corrosive electrolytes:
Fewer electrolytes reacted with the cured adhesives and resulted
in few changes to the electrolyte components, and the relatively
greater amounts of electrolytes proceeded to redox in the
DSSCs, and this produced higher Voe, Jso and 7 values.

To compare DSSCs’ photovoltaic parameters, the DSSCs were
sealed with Surlyn and 3.0 wt % PFE-containing UV-curable
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adhesive, as shown Table IV. The four sides of the two electrodes
(main sealing) and the two holes (drilled in the counter electrode)
were sealed with Surlyn and 3.0 wt % PFE-containing UV-curable
adhesive, respectively. The photovoltaic parameters of the DSSCs
were subjected to long-term thermal stability tests (lasting 37
days). The tests yielded a cell efficiency of 4.8% and a degradation
efficiency of 16.0% for the DSSCs sealed by the 3.0 wt % PFE-
containing UV-curable adhesive. This was better than the results
of the DSSCs sealed by Surlyn (efficiency = 4.0% and degradation

J. APPL. POLYM. SCI. 2015, DOI: 10.1002/APP.42015

Applied Polymer L


http://wileyonlinelibrary.com
http://onlinelibrary.wiley.com/
http://www.materialsviews.com/

ARTICLE

A Blank

X 0.5 wt%
* 1.0Owt%
O 1.5 wt%
O 3.0 wt%

0.6 T I T I T I T
0 10 20 30 40
Time (day)
0.8
() |
ﬁ‘_‘:';-'
0.6 —
0.4
i A Blank
X 0.5 wit%
¢ 1.0 wt%
0.2 O 1.5 wi%
O 3.0 wt%
0 T | T I T l T
0 10 20 30 40
Time (day)

WILEYONLINELIBRARY.COM/APP

Applied Polymer

IENCE

12
£ \e)
2 N\
£ \ \ \"-
= A Blank \ \‘m
= g X 0.5 wt% "
* 10Wt% \ o\
7 O 1.5 wt% NoX
7 O 3.0 wt% A
1 a
6 —— P
0 10 20 30 40
Time (day)

A Blank

4 — X 0.5 wt%
* 1.0 wt%
O 1.5 wt%
T O 3.0 wt%

3 T I T I T I T
0 10 20 30 40
Time (day)

Figure 6. (a) Vg, (b) Jso (c) FE and (d) efficiency of DSSCs with different PFE monomer contents.

efficiency = 22.0%), as shown in Table IV. These results indicate
that the use of PFM-containing UV-curable adhesive as the seal-
ant for the DSSCs enhanced their resistance to the corrosive
effects of the electrolytes and their durability. Although the blank
adhesive containing 3.0 wt % PFE monomer had a better effi-
ciency than Surlyn in the long-term thermal test. The conversion
efficiency of this adhesive still decreased when the length of the
long-term thermal test increased; this showed the limit of resist-
ance to corrosion by the electrolytes. In the future, seal adhesives
for DSSCs will be able to synthesize UV-curable fluorosilicone
rubber, and this could provide better elasticity and resistance to
corrosion by electrolytes.

CONCLUSIONS

In this study, the PFE monomer was added to the UV-curable
adhesive for the sealing of DSSCs to provide better resistance to
corrosion by the electrolytes and enhance DSSCs’ durability.
Adhesives with more hardness easily created cracking because of
the electrolytes’ incursion into the adhesive; this caused adhesive
swelling and thereby caused the iodine of the electrolyte pene-
tration that reacted to the silver of the cured silver adhesive to
disappear. In addition, the PFE monomer content of the
UV-curable adhesives increased, and this produced a lower sur-
face energy and a better resistance to corrosion by the electro-
lytes. This caused the Voo Jso and 1 values of DSSCs to

Table IV. Photovoltaic Parameters for DSSCs Sealed with Surlyn and a PFE-Containing UV-Curable Adhesive After 37-Day, Long-Term Thermal Stability

Tests

Degradation
Sealant material Voc (V) Jsc (mAlem?) FF n (%) efficiency (%)
Surlyn 0.66 +=0.05 9.12+0.2 0.67+0.06 40+0.7 22.0+0.7
PFE-containing UV-curable 0.68=0.07 10.80+0.1 0.69=0.04 48+0.5 16.0x0.5
adhesive
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increase. The results obtained show that the cured 3.0 wt %
PFE-containing UV-curable adhesive effectively sealed the
DSSCs and provided greater values of Voo Jso and n than
Surlyn did.
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