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We present three types of planar micromethanol direct fuel cells (µ-DMFC) based
on a microfluidic chip, aiming for fast prototyping and low cost. Polydimethylsiloxane
(PDMS) and float glass are chosen as
substrates, as they have good chemical
resistance in diluted sulfuric acid or
methanol.
The first type of the µ-DMFC (described in
chapter 3) is constructed from three components: a microchannel patterned PDMS chip,
a Nafion strip (proton exchange membrane)
as well as a float glass substrate carrying
gold electrodes with spray-patterned catalysts. This planar structure, which is specially
designed with a Nafion strip integrated in the
microchannel allows the protons generated at
the anode to transfer to the cathode without
the need for an expensive and complex MEA
(membrane electrode assembly).

PDMS

the Nafion membrane as an adhesion promoting layer. This is an efficient method to
prevent leakage between the two planar
channels. These two types of µ-DMFC can
achieve a power density of 1.6 mW/cm2
when the fuel (1M CH3OH/0.5M H2SO4) is
fed to the anodic microchannel and the oxidant (0.5M H2SO4/0.01M H2O2) to the cathodic microchannel, respectively. Three
types of oxidants are tested and the results
have been compared in chapter 3,4. Apart
from this, the influence of performance by
using different combinations of fuel and oxidant flow rates are also demonstrated and
explained.

Nafion

DMFC fabricated by powder blasting;
assembled and connected

600µm

Nafion strip integrated
PDMS microchannel

in

The second design of the planar µ-DMFC is
based on the SU-8/PDMS masking technique
(details in chapter 4): powder blasting is
utilized to etch the channels for the anode
and the cathode into float glass. The unique
technique involved is to add liquid PDMS in
between the channels on the glass chip and

Finally, the simplest PDMS µ-DMFC is fabricated and measured, as described in chapter
5. Cracks on the deposited gold film cause a
high connection resistance, thus, the
performance is worse than the other two
types.
In the conclusion and outlook, several methods for the performance improvement have
been put forward and the future µ-DMFC
platform with an integrated micropump has
also been envisaged.

1. Introduction
1.1. Why portable micro-fuel cell?
With the success of laptop computers, mobile phones and other portable devices,
portable power sources are in high demand. Li-ion and metal hydride batteries have
offered high energy densities. For the next generation of multi-functional portable
devices, even higher energy densities are required. Recharging time of current
batteries is in the same order of magnitude as the operational time; improvements
are desired here as well. Safety and environmental impact of these batteries also
have to be considered. Accidents where Li-ion cells in portable device explode or
catch fire have been reported. Protective electronic circuits can help to compensate
for the low thermal stability, but a safety hazard still remains [1].
Battery technology seems unable to keep pace with the development and the power
demands of new devices. The size and growth rate of the portable power market
(Figure 1.1) has inspired research into other power sources. A promising approach is
to scale down fuel cell technology [4].
The principle of the fuel cell was discovered in the 19th century. It wasn’t until
around 1960 that fuel cells were considered for use in vehicles. The high cost due
to special construction materials and fuels meant that fuel cells were only used in
experimental vessels such as research submarines or spacecraft. In later years, fuel
cells were commercialized for distributed power generation, for example in hospitals
or large office buildings.
In Figure 1.2, it is apparent that fuel cells have a much higher theoretical energy
density than current battery technologies. In practical devices, the energy content of
batteries is reduced to about 25%. On the other hand, the conversion of chemical
to electrical energy is quite efficient (above 80%). In fuel cells, the reverse is the
case: the practical energy density is limited by the conversion efficiency. When large
amounts of energy are required, fuel cells offer an advantage over batteries in terms
of energy density.
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Figure 1.1.: Worldwide sales of mobile phones [2], notebook computers [3] and portable
media players.

Figure 1.2.: Theoretical energy densities for fuel cells and batteries [4].
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Cost is a critical factor for commercial use. The Li-ion battery presents a high basic
cost due to expensive materials, compared to the low cost of fuel for a fuel cell. A
feasibility study [5] on the use of direct methanol fuel cells in laptops has shown that
the energy consumption cost is still better for Li-ion batteries (USD 0.32/kWh versus
USD 0.51/kWh for fuel cells). If fuel loss inside the fuel cell can be reduced, the
low cost of methanol could enable the fuel cell to compete with current batteries.

1.2. Object: using micro-fluidics to realize fuel cell
Fuel cells often use a gas as a reactant. Either the hydrogen fuel must be supplied in
a gaseous form, or in the case of hydrocarbon fuel cells, oxygen is used from the
ambient air.
As will be discussed later, the storage of hydrogen poses many problems. If an
air-breathing design is used, the management of waste water is important to allow
the oxygen to flow into the fuel cell.
To avoid these problems, the present work will use an all-liquid design, where oxygen
is dissolved in a liquid. This also enables the use of micro-fuel cells in locations
where no air convection is available, for example under water or in space. In future
work, micro-pumps can be integrated into the same substrates. Three designs will be
presented including their fabrication process and performance.
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2. State of the art
2.1. Fuel cell principle and types
In a fuel cell, a fuel and an oxidant react in the presence of an electrolyte, producing
electricity. The fuel such as hydrogen, a hydrocarbon or an alcohol is introduced
to the anode side, while the oxidant (oxygen from air or dissolved in a liquid) is
applied at the cathode side of the fuel cell. The reaction takes place by catalysis,
whereby platinum is typically used to separate the electrons and protons of the fuel.
The electrons now supply electrical energy while travelling through a circuit. At
the cathode, a second catalytic process combines electrons with the protons and the
oxidant to form a waste product (often water and carbon dioxide).
The field of fuel cells offers a wide range of possibilities to investigate combinations
of fuels, oxidants, catalysts and electrolytes.
Alkaline fuel cell (AFC) The electrolyte in an AFC consists of an aqueous solution

of potassium hydroxide. The AFC is the most developed type of fuel cell and
has been used since the mid-1960s in spacecraft, where power densities in
the range of 0.1 − 5.4Wcm−2 have been obtained. However, scientific interest
in this design has declined in recent years in favor of the PEFC. AFCs offer
low cost of materials and high efficiency (60% in space applications), but are
highly susceptible to degradation by even small amounts of CO2 [6, 7].
Polymer electrolyte fuel cell (PEFC) This type, also called proton exchange mem-

brane fuel cell (PEMFC), can use hydrogen or other fuels, as mentioned below.
The major advantages of a PEFC are high power density (0.7Wcm−2 , low
operating temperature (20 − 90◦ C) and low catalyst loading [7, 8].
Phosphoric acid fuel cell (PAFC) This stationary, commercially applied design

uses liquid phosphoric acid as the electrolyte, but is in other aspects similar
to the PEMFC. It operates at around 200◦ C and reaches a power density of
0.2 − 0.3Wcm−2 . Fuel and water management is simpler compared to other
designs, but the high system cost has limited commercial success [7, 8].
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Molten carbonate fuel cell (MCFC) The electrolyte used in this fuel cell is a

molten mixture of lithium, sodium and potassium carbonate and operates
at temperatures in the range of 600 − 700◦ C. The MCFC uses no precious
metal catalyst, greatly reducing material costs. A long startup time, low power
density and limited durability of catalysts are some of the drawbacks of this
design. [7, 8]
Solid oxide fuel cell (SOFC) A solid oxide fuel cell has layers of porous ceramics

acting as electrodes, and a dense ceramic electrolyte. These materials only
become active at a temperature of 650 − 1000◦ C. O2 – ions pass through the
electrolyte via oxygen vacancies, resulting in a much lower ionic mobility than
in polymer or liquid electrolytes. The low cost and acceptable performance
make up for this disadvantage. [7, 9]
While fuel cells operating on hydrogen gas seem to offer good efficiency at a
reasonable material cost, there are serious drawbacks, especially for portable applications.
The gas pressures as well as the high temperatures make a fuel cell complex, expensive and heavy. With fuel cell designs operating at 600◦ C or higher, the startup time
is significant. The system must not be heated too fast, or the difference of thermal
expansion in the various materials will cause a high mechanical stress, leading to
low durability and leakage [7].
Overall efficiency is another problem in hydrogen fuel cells, as shown by Kreith
and West [10]. There is no available source of molecular hydrogen on our planet.
The H2 molecules are typically formed by electrolysis of water, requiring a higher
amount of energy (taking into account efficiency losses) than will be produced in
the fuel cell. Hydrogen can also be chemically converted from other fuels, again
at an efficiency loss. In fact, no currently available technology in which hydrogen
is an intermediary energy carrier is as efficient as using the primary energy source
(nuclear, fossil or renewable) directly.
The use of hydrogen therefore only makes sense if it offers advantages as a medium
for energy storage and transportation. However, the storage of hydrogen in portable
micro-fuel cells poses problems. While hydrogen has a good energy density by
weight, its energy density by volume is poor compared to hydrocarbons. Pressurized
tanks are heavy, and energy is lost in the compression step. If the hydrogen is stored
in liquid form, the container must have expensive insulation to prevent the liquid
from boiling. Again, energy is lost in the step of liquefaction. Liquid H2 has a lower
energy density than hydrocarbon fuels of the same volume.

9

Figure 2.2.: Passive DMFC with methanol
reservoir [12].
Figure 2.1.: Air-breathing DMFC
with a passive fuel delivery system
(wick) [11].

2.2. Direct methanol fuel cells
The DMFC is similar to the hydrogen PEFC, but uses a liquid solution of methanol
and water as fuel.
At the anode, which typically uses a platinum-ruthenium catalyst, electrons and
protons are separated by means of oxidation of methanol. The protons travel through
a solid membrane made of perfluorosulfonic acid (brand name Nafion). The electrons
can supply electricity to an external load. Reduction takes place at the cathode, which
is covered with a platinum catalyst. The oxygen can be supplied in gaseous form
(air-breathing fuel cell), or dissolved in water, as is the case in this project. The main
chemical reactions are as follows:
Pt/Ru

Anode: CH3 OH(l) + H2 O(l) −−−→ 6 H+ + 6 e – + CO2 (g)
⇓
PEM
⇓
Cathode:

3
2 O2 (g)

⇓
load
⇓
Pt

+ 6 H+ + 6 e – −
→ 3 H2 O(l)

Feeding of oxygen and methanol is typically done by pumps (or fans in air-breathing
fuel cells). This is called an active DMFC, which has the disadvantage of requiring
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power to operate the feeding system. In portable applications, the space and weight
due to the pumps are unfavorable as well. Passive DMFC operate without pumps:
oxygen is diffused into the cathode from the ambient air. The methanol is supplied
from a reservoir by capillary force (a wick, Figure 2.1) or by concentration gradient
between reservoir and anode, as shown in Figure 2.2.
In recent years there has been a lot of interest in the DMFC, thanks to its numerous
advantages [7]:
• No need for cooling or complicated water management.
• Power density of liquid fuel, especially in high concentrations (>10M), is
comparable to Li-ion batteries.
• No reformer system is needed. In some fuel cell powered vehicles, the use
of a methanol reformer is researched. Such a device will convert a mixture
of water and methanol into hydrogen and carbon dioxide. This avoids the
need for hydrogen storage, but introduces higher complexity and cost into the
system.
• Methanol can be easily and safely transported, an infrastructure already exists.
The direct methanol fuel cell thus seems an ideal candidate for portable applications.
However, several challenges have arisen in the development of micro-DMFCs [13]:
Methanol crossover Nafion membranes have a good ion conductivity, but un-

fortunately methanol can also cross the membrane. This causes a chemical
“short-circuit” where oxygen is consumed and heat generated instead of electricity. This is discussed further in section 3.4.4.
Heat management There is a compromise to be made between operating tempera-

ture and methanol concentration. Also, only about 30% of the energy can be
used as electricity. The rest is converted into heat and has to be dissipated.
Low power density While power density is good in an large active system, the

miniaturization as well as the use as a passive system drastically limits the
energy density.
Management of liquids In an air-breathing fuel cell, the water produced at the

cathode must be removed to avoid congestion. Ideally it can be used to dilute
the fuel. If the system is active and all-liquid as in the present work, storage
and disposal of used reactants poses a problem for portable applications.
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Figure 2.3.: Typical bipolar air-breathing
DMFC design.

Figure 2.4.: Planar all-liquid DMFC as
first proposed by Motokawa et al. [15].

Slow reaction limits voltage The slow reaction kinetics of methanol oxidation

limits the rate of the electrode reaction and thus reduces the cell voltage. The
methanol reaction is promoted by a platinum catalyst. High loading of catalyst
is necessary for miniaturized systems, even more so for passive systems. The
high cost of platinum is a hindrance to commercialization.
Durability/lifetime A micro-fuel cell should be able to operate reliably under vary-

ing conditions. These conditions include reactant flow rate, temperature and
pressure in the system and the environment, and load requirements.
MEA The membrane electrode assembly is the most important part of the fuel

cell. A compromise between methanol crossover and ohmic losses must be
made for the thickness of the membrane. Liu et al. [14] showed that for
low fuel concentration, thicker membranes give better performance at low
current densities, whereas at high current densities thinner membranes are
better. Catalyst loading has another non-linear influence on cell performance.
High catalyst loading provides a larger active surface area, but also causes a
higher mass transport resistance for methanol.
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Figure 2.5.: Construction methods for obtaining higher output voltages, using conventional
fuel cell design [16].

2.2.1. Technology and materials
DMFCs have typically been built with electrodes deposited on both sides of the
PE membrane, and a structure of channels on both sides (Figure 2.3). This sandwich
structure of the MEA is obtained by hot-pressing. Achievable power is proportional
to the active surface area of the MEA and therefore power is limited in a microDMFC. Output voltage can be increased by connecting several cells in series, either
in a stack or a banded configuration (Figure 2.5). The fluidic channels are built using
conventional machining of steel or PMMA.
The application of MEMS technology offers the possibility of mass production. It
can also enable the precise control of reactant flows in the electrodes. The MEA can
be made smaller, and a wide range of materials can be used in its fabrication.
Motokawa et al. proposed a new design in which cathode and anode electrodes are
in the same plane (Figure 2.4). The electrodes and catalysts are not deposited on
the membrane, but into the channels etched in a Si wafer. Processes used include
photolithography, DRIE and electron beam deposition. The work presented here is
based on the Motokawa design. In order to simplify fabrication, powder blasting or
PDMS molding will be used instead of cleanroom processing of silicon.
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Figure 2.7.: Result of process. The small
thickness of the membrane leads to low
power density [17].
Figure 2.6.: Surface patterning of
Nafion membrane [17].

A concern with the use of MEMS technology is that Nafion cannot easily be patterned
with standard photolithography, and its expansion when wet poses problems for
assembly with silicon substrates. Song et al. [17] fabricated a sub-micron thick
Nafion membrane by microflow patterning. Liquid Nafion resin was filled into a
PDMS microchannel and cured to obtain the planar membrane. The low ratio of
cross-sectional area to width of the membrane in this design leads to a low power
density (Figures 2.6, 2.7).

2.3. Other polymer electrolyte liquid fuel cells
Keeping the principle of solid polymer membrane and liquid feeding, other fuels
have been used in recent research. Some fuel cell types are mentioned here and fuel
properties listed in Table 2.1.
Direct formic acid fuel cell (DFAFC) Formic acid (HCOOH) is liquid at standard

temperature and pressure, thus offering the same simplicity in handling as
methanol. As formic acid exhibits less crossover through Nafion, thinner
membranes and higher fuel concentrations can be used. Also, the electromotive
force in a DFAFC is higher than hydrogen or direct methanol fuel cells. Power
density can reach 375mWcm−2 [18].
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Direct formaldehyde fuel cell While formaldehyde (CH2 O) offers similarly low

activation losses as formic acid, it is toxic and chemically unstable. The
formaldehyde fuel cell is not used in power generation, but can be applied as a
formaldehyde sensor [19].
Direct dimethyl ether fuel cell (DDMEFC) Using dimethyl ether (CH3 OCH3 ) as

a fuel offers several advantages over methanol: lower crossover rate, high
electron transfer (12 electrons per oxidation instead of 6 for methanol). On
the other hand, DME is a gas at standard temperature and pressure, and thus
typically stored as a liquid under higher pressure [20].
Direct-ethanol fuel cell (DEFC) While ethanol (C2 H5 OH) has a slightly lower

performance than methanol, its main advantages are the existing supply infrastructure (from renewable sources) and low toxicity. Power densities of
80mWcm−2 have been attained [21].
DMM, TMM and trioxane Dimethoxy-methane (C3 H8 O2 ), trimethoxy-methane

(C4 H10 O3 ) and 1,3,5–trioxane (C3 H6 O3 ) have been tested in PEM fuel cells,
but the performance was much lower than a comparable DMFC. Also, no significant supply infrastructure exists for any of the three substances, therefore
they currently offer no advantage over methanol [22].
Microbial fuel cell (MFC) Biological fuel cells convert organic fuel into electricity

by using biological processes. In a microbial fuel cell, living bacteria oxidize
the fuel. The energy density of these systems is several orders of magnitude
lower than conventional fuel cells, and the living organisms are very sensitive
to changes in environmental conditions [7, 23].
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106.08
90.05

Trimethoxy-methane

Trioxane

1.17

0.97

0.086

Membrane crossover
Strength of C−C bond makes
CO2 formation difficult

CH3 OH + 32 O2 −−→ CO2 + 2 H2 O
C2 H5 OH + 3 O2 −−→ 2 CO2 + 3 H2 O

Hydrolyzes in the fuel cell to produce methanol

C4 H10 O3 + 5 O2 −−→ 4 CO2 + 5 H2 O
C3 H6 O3 + 3 O2 −−→ 3 CO2 + 3 H2 O

Hydrolyzes in the fuel cell to produce methanol

C3 H8 O2 + 2 O2 −−→ 3 CO2 + 4 H2 O

CH2 O + O2 −−→ CO2 + H2 O

CH3 OCH3 + 3 O2 −−→ 2 CO2 + 3 H2 O

HCOOH + 21 O2 −−→ CO2 + H2 O

Efficiency losses

Global reaction

Table 2.1.: Fuels used in PEM fuel cells. Source [7].

76.06

Dimethoxy-methane

1.09

46.05

Dimethyl ether
30.02

1.21

46.02

Formic acid

Formaldehyde

0.789

46.05

0.791

Density
[g/mL]

Ethanol

Molar mass
[g/mol]
32.03

Structure

Methanol

Name

3. Micro-DMFC in PDMS with
microchannel-integrated Nafion
strip
3.1. Design and principle
Our goal is to fabricate micro-DMFC rapidly and with common laboratory equipment.
Instead of using a “sandwich” geometry where the membrane sheet is comparatively
much larger than the electrode area, we only use a thin strip of Nafion. This is similar
to the work by Song et al. [17] mentioned earlier, however, our process is simpler
and we achieve a higher thickness of the membrane.

3.2. Fabrication of fuel cells
The process of fabrication is shown in Figure 3.1. The PDMS channel is made from
a mold structure of SU-8 epoxy on a silicon wafer. The SU-8 is spun to a thickness
of around 160µm (slightly less than the thickness of the Nafion film). A chromium
mask is used to expose the SU-8 to UV light (1,2). The processes for exposing,
developing and curing are according to common practice and are not discussed in
detail here. Liquid PDMS is spread on the wafer and cured at 95◦ C for 2 hours (3).
A glass substrate will hold the electrodes and seal the channel. Rectangular glass
chips (38 × 13mm2 ) are cleaned in a piranha solution. The concentrations are two
parts sulfuric acid (96%), one part hydrogen peroxide (30%), both substances were
supplied by Reactolab, Servion, Switzerland. Cleaning is done in an ultrasonic bath
for 30 minutes. Then the glass chips are rinsed three times in DI water to remove
any trace of the piranha solution.
A steel stencil is fixed to each glass piece and the pieces are put into a vacuum
chamber for electrode evaporation. The equipment used are Auto 306 and Auto 500
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Figure 3.1.: Fabrication flow of Nafion strip integrated fuel cell.

resistance evaporation systems by Edwards, Crawley, UK. When the pressure of
5 · 10−4 Pa is reached, a 5nm layer of chromium is deposited to promote adhesion
[24]. Then, gold is deposited to a thickness of 100nm. After the gold deposition the
chips are heated to 150◦ C for 2 hours to promote fusion of the gold grains (4).
Now, the catalysts can be deposited. The catalysts are supported by carbon black,
giving a high surface area. Platinum (60% metal content) and platinum/ruthenium
(60%) were supplied by BASF (formerly E-Tek), Somerset NJ USA. Again, a steel
stencil is fixed to the glass.
In isopropanol containing dissolved Nafion (2.1mg/mL), we mix the catalyst powder
(5mg/mL). An airbrush pistol (model “Evolution”, supplier: Harder & Steenbeck,
Hamburg, Germany) is used to repeatedly apply a layer of catalyst onto the electrodes
(5). The loading was determined to be around 0.5mg for both substances together.
Taking into account the mask aperture size (0.5 × 24mm2 ), this equals 2mg/cm2 .
A thin strip of Nafion is cut from the sheet. We used a pair of razor blades for this
task. By putting layers of adhesive tape between the two blades, the spacing can
be varied from 100 to 200µm or more. As we use Nafion-117, the height of the
membrane will be around 180µm. After the Nafion is cut to size, it is treated in
hydrogen peroxide and sulfuric acid as shown in Figure 3.2 before integration.
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Figure 3.2.: Treatment of Nafion.

inlets

600μm

main channel
24mm × 600µm

Nafion

in/outlet

guiding channel
36mm × 200µm

PDMS
outlets

Figure 3.3.: Integration of Nafion strip inside PDMS
channel by using guiding channel.
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Figure 3.4.: SU-8 pattern
showing guiding channels.

PDMS

Nafion

600μm

Figure 3.5.: Clamping of fuel cell between PMMA
plates using screws. Inlet and outlet holes and connecting tubes are also shown.

Figure 3.6.: Cutaway view
of the PDMS channel with
centered Nafion strip.

The Nafion membrane is put into the PDMS channel and manually aligned so that it
divides the latter into two equal channels. Figure 3.3 shows the use of the guiding
channels on the left, which have the same width as the Nafion strip and thus hold it
in place. The diagonal channels are the reactant in- and outlets.
When the PDMS (containing the Nafion strip) and the glass plate (with the electrodes)
are put together, the electrodes must remain accessible. Household aluminium foil
with a thickness of 10µm is cut into strips, and these are put between the PDMS and
the glass for electrical connection.
The contact resistance of this kind of assembly has been tested using continuous gold
layers (area 2 × 13mm2 ) clamped with two strips of aluminium foil. Connecting
the foil strips to an multimeter using a four-point probe with alligator clips, a mean
resistance of 3.2Ω was measured.
The fuel cell is clamped between two PMMA plates using screws. The plate next to
the PDMS has access holes to connect the tubes for fuel and oxidant.
Silicon tubes are used in combination with peristaltic pumps. The performance is
measured with a galvanostat connected with alligator clips to the aluminium foil
strips. The four terminals of the galvanostat are connected as shown in Figure 3.7.
Results of the measurements in various conditions are given in the next section.
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peristaltic
pumps
fuel

counter
electrode

oxidant
anode

cathode

Pt/Ru

Pt

reference
electrode

sense
electrode

data
recording galvanostat
on PC

waste

working
electrode

Figure 3.7.: Setup for performance measurements for the fuel cell.

3.3. Performance measurements
The basis for fuel and oxidant is a 0.5M sulfuric acid solution. For the fuel, 1M
methanol is added. This solution is used for all experiments described in this
report.
Two fuel cells were used in the experiments. The first (type “pdms–J”) has a Nafion
strip width of 150µm and thus an active (electrode) area of 5.4mm2 . The second
fuel cell has a Nafion strip with a width of 200µm and an electrode area of 4.8mm2
(type “pdms–G”).
Three oxidant solutions are used. The first is obtained by saturating the H2 SO4
solution by bubbling compressed oxygen into it for several minutes. For the second
oxidant solution, 0.01M hydrogen peroxide is added. The solution should be used
within hours of the preparation, because a spontaneous reaction will decompose the
hydrogen peroxide:
2 H2 O2 −−→ 2 H2 O + O2
A third oxidant solution uses a higher concentration of 0.1M H2 O2 .
The flow rate of the fuel and oxidant is varied between a low and a high setting,
leading to four combinations. As the flow rate for a given pressure varies with
each fuel cell because of manufacturing differences, the flow rates are indicated as
measured at the outlets.
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fuel 50µLmin−1 , oxidant 160µLmin−1
fuel 20µLmin−1 , oxidant 160µLmin−1
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Figure 3.8.: Performance of 150µm Nafion strip fuel cell with an electrode area of 5.4mm2 .
The oxidant is O2 -saturated 0.5M H2 SO4 .
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Figure 3.9.: Performance of 150µm Nafion strip fuel cell with an electrode area of 5.4mm2 .
The oxidant is 0.01M H2 O2 + 0.5M H2 SO4 .

23

0.5

fuel 50µLmin−1 , oxidant 160µLmin−1
fuel 20µLmin−1 , oxidant 160µLmin−1
fuel 20µLmin−1 , oxidant 80µLmin−1
fuel 50µLmin−1 , oxidant 80µLmin−1
fuel 0µLmin−1 , oxidant 0µLmin−1

Cell voltage [V]

0.4

0.3

0.2

0.1

0
3

Power density [mW/cm2 ]

2.5

2

1.5

1

0.5

0
0

2

4

6

8

10

12

14

Current density [mA/cm2 ]

Figure 3.10.: Performance of 150µm Nafion strip fuel cell with an electrode area of
5.4mm2 . The oxidant is 0.1M H2 O2 + 0.5M H2 SO4 .
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Figure 3.11.: Performance of 200µm Nafion strip fuel cell with an electrode area of
4.8mm2 . The oxidant is O2 -saturated 0.5M H2 SO4 .
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Figure 3.12.: Performance of 200µm Nafion strip fuel cell with an electrode area of
4.8mm2 . The oxidant is 0.01M H2 O2 + 0.5M H2 SO4 .
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Figure 3.13.: Performance of 200µm Nafion strip fuel cell with an electrode area of
4.8mm2 . The oxidant is 0.1M H2 O2 + 0.5M H2 SO4 .
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Figure 3.14.: This diagram of open circuit voltage versus time shows the effect of switching
pumping on and off for the three types of oxidants. Both fuel and oxidant pumping are
switched off at intervals of 100 or 200s.

The following observations can be made from these data: Higher fuel flow does lead
to a slightly lower output voltage for a given current. A possible explanation for
this is the increased methanol cross-over at higher flow rates Looking at the oxidant
flow rate, we see that the voltage is similar at low currents (< 1mA). At higher
currents, the voltage drops faster when the oxidant flow is low. This is apparent to a
varying extent on all figures. This shows the limiting effect of the available oxygen
on the fuel cell reaction. The influence of reactant flow rates on the achievable power
density is discussed further in the next section.
We also measured the voltage during one hour in open circuit operation or when a
current is imposed. The results (Figure 3.15) show a drop of around 8% in the worst
case.
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Figure 3.15.: Cell voltage over one hour for current densities of 0 and 2.5mA/cm2 .

29

Figure 3.16.: Dimensions of microfluidic channels and PE membrane.

3.4. Limiting factors on current density and
voltage
This section discusses some theoretical and practical limits of the Nafion-strip type
fuel cell, with the channel dimensions as shown in Figure 3.16. The conditions
are, unless noted otherwise: standard atmospheric temperature and pressure (293K,
101.3kPa), the oxidant is O2 -saturated sulfuric acid flowing at 100µL/min.

3.4.1. Standard cell potential
The open circuit voltage is theoretically limited by the reaction potential. The
0 = 0.016V relative to SHE:
oxidation has a potential of Eox
CH3 OH + H2 O −−→ CO2 + 6 H+ + 6 e−
0 =
When oxygen-saturated sulfuric acid is used, the reduction has a potential of Ered
−1.229V relative to SHE:

O2 + 4 H+ + 4 e− −−→ 2 H2 O
0 + E 0 = −1.213V. In our
We calculate the standard cell potential as E 0 = Ered
ox
experiments we reached voltages of less than half this value. Figure 3.17 summarizes
several influencing factors that lower the achievable voltage.

When hydrogen peroxide is used, the reduction reactions are as follows [26]:
H2 O2 + 2 H+ + 2 e−

−−→ 2 H2 O

0 = −1.776V
Ered

O2 + 2 H+ + 2 e−

−−→ H2 O2

0 = −0.695V
Ered
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Figure 3.17.: Sources of potential loss according to Cooper et al. [25]. In our case, the
ideal potential is higher, and the achieved real open circuit voltage (OCV) is lower.

The two reactions are competing and thus the standard cell potential will be in the
range of E 0 = −1.760V . . . − 0.679V. Our experimental results reflect this, the open
circuit voltage is lower when hydrogen peroxide is used in the oxidant.

3.4.2. Diffusion dynamics in the micro-channel
As the oxidant is flowing through the cathode channel, not all oxygen molecules
can take part in the reaction. The limitation is the rate of diffusion of oxygen to the
reaction site at the three-face interface of channel, PE membrane and catalyst. Using
· 200µm · 180µm =
the channel volume and flow rate, we calculate that it takes tc = 24mm100µL/min
0.5s for the oxidant solution to traverse the channel. The diffusion length Ld of the
oxygen in water is:
Ld =

√
4Dt

where D = 1.97 · 10−9 m2 /s is the diffusion coefficient of oxygen in water. For the
time tc , the diffusion length is Ld = 64µm. Comparing this figure with the side
length of the channel section, we see that the O2 molecules can only travel one third
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Figure 3.18.: Experimental and calculated values of oxygen solubility in pure water and
in a sulfuric acid solution at 1atm oxygen partial pressure. The calculated values shown
as a dotted line represent m(H2 SO4 ) 1mol/kg of solution. Some experimental solubility
data points by Narita in a 1mol/dm3 solution and by Kaskiala in 1mol/kg of solution are
shown [27].

of this length. Thus, we propose to reduce the width of the channel, in order to best
utilize the electrode area. The increased fluidic resistance of the channel has to be
considered in this case.

3.4.3. Performance limitation by oxidant
If only diluted sulfuric acid is used, the solution will saturate at a low oxygen content
of around 1.2mmol/kg at standard pressure and temperature, as can be seen in
Figure 3.18.
For a typical flow rate used in our experiments, this signifies an oxygen flow rate
of 120nmol/min. By multiplying this figure with Avogadro’s constant (NA =
6.02 · 1023 mol−1 ), we see that we have 1.2 · 1015 O2 molecules per second passing through the fuel cell. This is of course only true if the solution is completely
saturated, which is never the case in an experiment as the oxygen is continuously
evaporated from the solution.
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According to the chemical equation given in section 2.2, it takes one O2 molecule to
separate four pairs of electrons and protons. The flow of oxygen imposes a current
limit of about 4.8 · 1015 electrons per second or 0.77mA. In our experiments, we
achieved a maximum current of 0.17mA in short-circuit operation.
The fuel on the other hand has a concentration of 1M CH3 OH, and is introduced at a
flow rate of about 50µL/min. Thus we have a methanol flow rate of 50µmol/min or
5 · 1017 molecules per second. As one methanol molecule takes part in the formation
of 6 electrons, the fuel flow rate theoretically sets a current limit at about 500mA. It
is evident that the overall quantity of methanol imposes no limit in practice.

3.4.4. Methanol crossover
While Nafion is a good conductor for protons, it does not block methanol very well.
When methanol molecules cross the membrane, the following reaction takes place at
the cathode:
CH3 OH + 23 O2 −−→ CO2 + 3 H2 O
This chemical “short-circuit” consumes oxygen that could otherwise have participated in electricity generation.
Methanol diffusion in a Nafion membrane has been studied by Verbrugge [28]. The
transport of methanol occurs by diffusion through the membrane pores. Fick’s law
gives the methanol flux J in the pores, as a function of the concentration c.
J = −D∇c ≈ −D

∂c
∂x

The gradient can be approximated by the derivative in the direction across the
membrane. The effective flux, based on the average of a cross-section through the
membrane, depends on the porosity of the membrane:
Jeff = −Deff

∂c
∂x

where Deff is the effective diffusion coefficient, taking into account the porosity and
tortuosity of the membrane.
Verbrugge used similar conditions as in our experiments: a Nafion-117 membrane
separates two reservoirs both containing a 0.5M H2 SO4 solution. In the first reservoir,
methanol is introduced at a concentration of 1M. The concentration measurements of
methanol after several intervals of time, fitted into the mathematical model, resulted
in an effective diffusion coefficient Deff = 2.9 · 10−10 m2 /s.
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Applying these results to our case, we assume that the concentrations of methanol
at the anode and cathode stay constant at 1M and 0M, respectively. Because the
channels are constantly fuelled with fresh reactant solution, this is a good approximation. The calculation of methanol diffusion is simple in the case of the Nafion strip
design, as the structure can be seen as uni-dimensional. With a membrane thickness
of 200µm, Jeff equals 1.4mmol/m2 s. The cross-section area of the membrane is
4.4mm2 . We obtain a diffusion flow rate of 379nmol/min.
One methanol molecule will react with 32 O2 , preventing that amount of oxygen from
reacting with six electron–proton pairs. Given the oxygen flow rate of 120nmol/min
calculated above, it would be unreasonable to assume that a majority of the crossedover methanol is consumed. Instead, a large amount of methanol leaves the fuel
cell through the oxidant outlet. Future work could involve measuring precisely the
amount of methanol at both outlets, thus quantifying the amount of methanol that
takes part in the chemical “short-circuit”.
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4. Micro-DMFC in glass using
PDMS as adhesive layer
4.1. Design and principle
An improvement for an existing design developed in this lab is presented. The fuel
cell consists of channels etched into glass and covered with electrodes and catalyst.
A Nafion sheet is put on top of the glass chip and mechanical clamping is used. The
difference to the old design is a thin layer (∼ 5µm) of PDMS applied on the glass,
before it is assembled. This is to prevent leakage between the two channels.

4.2. Powder blasting
The combination of alumina powder blasting and a PDMS mask has allowed small
and accurate glass structures [29]. Powder blasting has a much higher etching rate
than dry or wet etching processes and does not require a cleanroom environment.

y displacement
Nozzle

SU8+PDMS
Glass substrate

Figure 4.2.: SEM photograph of
50µm wide channels obtained by
past work in this laboratory [29].

x displacement

Figure 4.1.: Powder blasting setup.
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Figure 4.3.: Channel depth versus powder blasting time.

The structure to be etched is first defined with SU-8 photoresist. A protective PDMS
layer is then filled into the recessed regions. The soft PDMS has a very low etch
rate compared to the brittle SU-8, thus protecting the glass wafer from being etched.
30µm diameter Al2 O3 particles are projected onto the glass chip. In the SU-8 as in
the glass, these particles create micro-cracks upon impact.
Powder blasting is done using a compressor model HP-2 by Texas Airsonics. At
a pressure of 1.6bar, alumina particles are projected onto the wafer. The scanning
area defined by the x–y displacement is 34mm × 10mm2 , the scanning speed is
67mm/s × 0.7mm/s. The powder flows at a rate of 17g/min.
The channel depth was measured using a profile measuring device manufactured
by GFMesstechnik, Teltow, Germany. Figure 4.3 shows the depth versus time. By
doing a linear regression on the experimental data, we can estimate that glass etching
starts after 66s (when the SU-8 has been etched away), with 0.69µm/s.

4.3. Fabrication of fuel cells
Figure 4.4 shows the fabrication flow. First, the structure to be etched is created as
an SU-8 layer on a glass wafer, using cleanroom lithography (1,2). Now a protective
PDMS layer is spread over the wafer (3). We used a glass cover slip as a blade to
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Figure 4.4.: Fabrication flow for the fuel cell in glass.
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600μm

Figure 4.5.: View of channel after deposition of electrodes and catalysts.

Figure 4.6.: 3-D profile of glass chip after
5.5 minutes of powder blasting.

remove excess PDMS on top of the epoxy. The liquid PDMS is then cured in an
oven at 95◦ C for two hours.
After the powder blasting step described in the previous section (4), any excess
PDMS is removed (5). Electrodes and catalyst are now deposited as described on
page 17 (6,7).
On a different glass plate, liquid PDMS is spin-coated at 5000rpm for 20 seconds (8).
It is cured for 1 minute at 70◦ C to increase viscosity without completely solidifying
it. A flat piece of solid PDMS is used as a stamp to transfer the liquid (9,10). The
stamp is then pressed onto the glass chip containing the channels and electrodes
(11). Care must be taken to prevent the liquid PDMS from entering the channel
and covering the electrodes. The PDMS should immediately be cured to prevent
this. Our process is such that we start with a PDMS film of about 20µm. At each
stamping, half of the PDMS stays on each side. Thus, after lifting the stamp from
the glass chip (12), we end up with a layer that is approximately 5µm thick.
Now a piece of Nafion is prepared (see page 18) with the same size as the glass
chip. The fuel cell is assembled with a flat PDMS layer on top of the Nafion, and
additional glass and PMMA layers to provide mechanical clamping (13).
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Figure 4.7.: Glass
chip after deposition of electrodes
and catalysts.

Figure 4.8.: Fully assembled fuel cell.

4.4. Performance measurements
Fuel and oxidant solutions were prepared as described on page 21. Hydrogen
peroxide was only used in one concentration of 0.01M. All measurements are done
on one the same fuel cell, which has a channel depth of 130µm (type “glass–5C”).
Again, the performance is compared for various pumping speeds. Overall performance is lower than in the first fuel cell type. The open circuit voltage is slightly
lower than in the Nafion-strip design. The maximum power densities are also slightly
lower. A possible explanation is the fact that the travel distance of the protons in the
membrane is longer due to a different geometry (Figure 4.13). The resistance of the
PEM is R = σ Al , where l and A are the distance and cross-sectional area, respectively.
The proton conductivity σ as given by the manufacturer is 0.083S/cm. While the
cross-sectional area is similar, the travel distance is longer in the glass design.
Of course, the limiting factors that have been discussed for the first design also apply
here.
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Figure 4.9.: Performance of glass fuel cell with an electrode area of 7.5mm2 . The oxidant
is O2 -saturated 0.5M H2 SO4 .
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Figure 4.10.: Performance of glass fuel cell with an electrode area of 7.5mm2 . The oxidant
is 0.5M H2 SO4 + 0.01M H2 O2 .
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Figure 4.11.: Effect of switching pumping on and off for two types of oxidants. Both fuel
and oxidant pumping are switched off at intervals of 100 or 200s.
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Figure 4.12.: Voltage over ten minutes for various current densities.

Figure 4.13.: Difference in proton travel distance for Nafion-strip design and glass design.
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5. PDMS micro-DMFC
5.1. Design and principle
The third fuel cell design does not use glass as material at all. As in the first
design, the PDMS molding process is used, but here two seperate channels are made
directly in the PDMS. Electrodes and catalyst are then patterned on the surface of
the PDMS.

5.2. Fabrication
A mold is made from SU-8 structures defined by photolithography on a Si wafer
(1,2). Liquid PDMS is spread over the wafer and cured (3). After peeling, we have
the channel structure entirely defined by PDMS. The in- and outlets are punched
through the PDMS using a staking tool. Oxygen plasma treatment is done to promote
adhesion of the electrodes (4). Chromium and gold are now deposited onto the
PDMS in the same way as the first two designs (5). The method for patterning the
catalysts is the same as well (6).
A Nafion sheet is prepared as described previously. The fuel cell is now assembled
between two plates of PMMA (7).

5.3. Performance measurements
As described on page 21, the basis for fuel and oxidant is a 0.5M sulfuric acid
solution. For the fuel, 1M methanol is added. The oxidant solution is saturated with
O2 by bubbling compressed oxygen into it.
The same fuel cell with an active area of 4.8mm2 (type “pdms–1”) was used for all
experiments.
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Figure 5.1.: Fabrication flow for PDMS fuel cell.

Figure 5.2.: Gold deposited inside the channels.
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Figure 5.3.: Contact surface of electrode (area 5 × 2.3mm2 ).
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Figure 5.4.: PDMS fuel cell voltage and power density. The oxidant is O2 -saturated 0.5M
H2 SO4 .
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Figure 5.5.: Voltage versus time for two values of current density. Oxidant is O2 -saturated
H2 SO4 at 160µL/min; fuel flow rate is 50µL/min.

Performance is significantly lower than for the previous two fuel cell designs. A
possible explanation is a low conductivity of the electrode layer. As the microscope
photographs in figures 5.2 and 5.3 show, cracks have formed in the gold film. The
polymerized network at the surface of the PDMS leads to a non-uniform deposition
of gold.
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6. Conclusion and outlook
Three fabrication methods for micro-scaled direct methanol fuel cells have been
presented. All of these three offer a rapid prototyping solution for mass fabrication.
The low-cost materials like float glass and PDMS are also competitive. Apart from
the first reusable SU-8 molding micro-structures fabricated in the cleanroom, all
the other steps are done in our laboratory. Among these three designs, the first
prototype with a Nafion strip integrated in the PDMS microfluidic channels is the
most promising. It requires merely a tiny area of the expensive Nafion, thus aiming
for a low-cost solution.
As far as fuel cell performance is concerned, the composition of the oxidant has
been shown to have a large impact. Adding 0.01M H2 O2 to 0.5M H2 SO4 helps to
improve the power density of the µ-DMFC by a factor of 4 compared to the use of
O2 saturated in 0.5M H2 SO4 , though the open circuit potential decreases a little bit.
Beside this, the feeding rate of fuel and oxidant also impact the performance of the
fuel cells. A high flow rate of the fuel (1M CH3 OH + 0.5M H2 SO4 ) leads to the
lower power density and limiting current, due to the effect of methanol crossover
from the anode to the cathode. On the other hand, a high oxidant flow rate enables
better performance because of its continuous fresh oxygen content supply. To provide
a general view of the performance achieved in our experiments, Figure 6.1 shows
a comparison of the open circuit voltage and the highest achieved power density.
Between one and four cells have been measured for every combination.
However, our three prototype µ-DMFCs still have space for improvement:
1. The loading of catalysts can be optimized by testing a series of loading density
of Pt/C and Pt/Ru/C. In the meantime, controlling the parameters of the
airbrush technique or replacing it with electrodeposition should also be taken
into account.
2. Though the mechanical clamping provides reliable and easy-to-handle properties, it sets obstacles for volume reduction. For the first type of µ-DMFC with
integrated Nafion strip, we believe oxygen plasma or PDMS stamping technology could offer a more convenient and reliable solution for the assembly. It is
also critical for the total size reducing.
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Figure 6.1.: Comparison of open circuit voltage and maximum power density for the three
fuel cell designs and for different oxidants. The oxidant solutions contain O2 -saturated
0.5M H2 SO4 , plus the indicated substance.
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3. Optimizing the fuel and oxidant flow rates would be useful to achieve better
power density.
It is apparent that the power densities of our µ-DMFCs are limited to a few mW/cm2 ,
which is insufficient to provide the electrical power for modern electronic devices.
Increasing the active area of the fuel cell will lead to a higher power density, thus a
bipolar structure with anode and cathode plates patterned on individual wafers could
be the best solution. In future work, the commercial peristaltic pump will be replaced
with our active-valve micropump when integration is considered. Furthermore, if
the output power is enough to support the work of our active-valve micropump, the
complete µ-DMFC platform with integrated micropump will be envisaged.

January 14, 2009
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A. Appendices
A.1. Physical and chemical characteristics of
substances used
Name

Structure

Density
[g/mL]

Molar
mass
[g/mol]

Diffusion coefficent
[10−9 m2 /s]
in water
in Nafion

Oxygen

(gas)

31.999

1.97 [31]

Methanol

0.7914

32.042

1.3 [32]

Sulfuric
acid

1.8302

98.079

Hydrogen
peroxide

1.44

34.015

Water

0.997

18.015

0.3 [28]

PDMS
swelling
ratio [30]

1.02
1.01 (1M)

0.06 – 0.58 [33]

1.00

Table A.1.: Physical and chemical characteristics. Density and molar mass data from CRC
Handbook [34]. Swelling ratio is length of PDMS in the solvent divided by length of dry
PDMS.

A.2. CAD drawings
The mask designs for the SU-8 lithography are shown here, as well as the steel
stencils for powder blasting of inlets and outlets (page A-3) gold evaporation (page
A-4) and catalyst deposition (page A-5).

A-1

Figure A.1.: Wafer mask with 24mm × 600µm main channels and guiding channels of
various widths.

Figure A.2.: Wafer mask with main channels of various lengths and guiding channels of
various widths.

A-2

A.3. Datasheets of equipment and materials
Name

Manufacturer

Powder blasting compressor HP-2

Texas Airsonics, Corpus Christi,
Texas, USA
Edwards, Crawley, UK
Edwards, Crawley, UK
Edwards, Crawley, UK
ISMATEC
Bartels Mikrotechnik, Dortmund,
Germany
Control Company, Friendswood,
Texas, USA
Princeton Applied Research
Princeton Applied Research
Harder & Steenbeck, Hamburg,
Germany

Oxygen plasma chamber Scancoat Six
Auto 306 Resistance evaporation system
Auto 500 Resistance evaporation system
Pump REGLO Digital ISM831
Pump mp5 with controller mp5-a
Variable-Speed Peristaltic Pump
Galvanostat 263A
Electrochemistry PowerSuite software
EVOLUTION airbrush pistol
Nafion N-112 and N-117
PDMS SYLGARD 184
60% Pt:Ru alloy on Optimized Carbon
60% Pt on Vulcan XC-72R

DuPont
Dow Corning
BASF, Somerset NJ USA
BASF, Somerset NJ USA

Table A.2.: Equipment sources and datasheets

A-6

Datasheet
page

A-7
A-8
A-9
A-10
A-11 ff
A-13
A-14
A-15 ff

A-17 ff
A-19 ff
A-21
A-22

Scancoat Six
Product description
Work chamber

RV3 rotary vacuum pump, 0. I mm gold target,

acrylic implosion guard, as standard

specimen stub holder, pump oil and instruction manual

Worktable

100

Removable workholder

100 mm 0 drilled with six 3.2 mm 0 and six IO mm 0

Vacuum system

Ordering number

Scancoat Six SEM Sputter Coater. complete with

Borosilicate glass, I50 mm 0 x I I5 mm high. Clear

mm 0 water-cooled copper worktable

23OV, l-phase, 50 Hz

E096-0 I-000

I I5 V, I -phase, 60 Hz

E096-02-000

holes and six IS mm 0 holes for standard SEM stubs

The Scancoat Six can be supplied without rotary pump on request.

Edwards RV3 (direct drive rotary pump) with Pirani

Accessories
Carbon

gauge

Fibre

Evaporation

Accessory

complete with 3 m carbon string
Process gas

Normally

argon.

Push-fit

connectors

provided

for

6 mm od tubing for connection to gas cylinder fitted

monitor and E086-66-000 oscillator)

E096-0 I-400

Work chamber evacuated to operating pressure

Gold target (0. I mm thick)

E096-0 I-042

within one minute. Sputtering rates of up to

Platinum

60 nm

Gold/palladium

High tension supply

l5OOV dc at 50 mA

HT meters

0 - IO0 mA with overload protection

0 - 2.5 kV

Programmable 0 seconds to 999 seconds with
automatic

l

target

E087-32-000
target

E087-33-000

Copper target

E087- 12-072

FLZOK Foreline trap for RV3 pump

A 133-05-000

EMF oil mist filter for RV3 pump

A462-26-000

Carbon fibre, 3 m length

E096-0 I-250

Accessories for metallurgical optical
interference microscopy

reset

Dimensions mm
Weight

E096-02-200

with E086-64-000 FTM6 film thickness

incorporated to provide fine control of process gas

Digital timer

E096-0 I-200

I I5 V, I -phase, 60 Hz
Quartz crystal sensor head (for use

with pressure regulator. Multi-turn needle valve

Cycle time

230 V, I -phase, 50 Hz

l

Iron target

l

Shutter

22 kg

E087-34-000
E087-4 I-000
sample holder

E087-42-000

publication P 700-20-7 IO for details about this technique.
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Auto 306 Vacuum Coating System

1255

945
1600

1450

710
1075

595

595

FL400 Chamber

Glass Chamber

630
880

T E C H N I C A L D ATA
Ultimate vacuum
600 l/s diffusion pumped
250 I/s turbo pumped
500 I/s turbo pumped

2 x 10 mbar (1.5 x 10 torr)
7 x 10-7mbar (5 x 10-7 torr)
2 x 10-7mbar (1.5 x 10-7 torr)
-7

-6

Liquid Nitrogen ( LN2 ): trap capacity
1.4 liters for diffusion pumped and 500 I/s turbo pumped versions.
No trap for 250 I/s turbo version.

Baseplate
Position Function/type
RP
Roughing Line (fixed)
1-6
NW25
7
Penning head (fixed)
8
NW25
9-12
NW10
13
NW25
5

Pump oil capacity
Rotary pump RV12, 550 ml per charge, BOC Edwards No. 15
Diffusion pump E04/160K 175ml per charge, silicone 704 or Santovac 5.

6

4

7

3

Weight
Electrical supply

Approx 158kg (347.6lbs)
240V or 220V, I phase, 50Hz
or 210V, 1 phase, 60Hz
2m x 3m wire
3 kVA max.
IP20
1.2 liters per minute at 20ºC
1 x 10-5 mbar in 4 minutes
10-6 mbar in 25 minutes
Tested to better than
10-5 mbar I/s

Supply cable
Power consumption
IP rating
Water cooling
Pumpdown time
Leak rate

9
2
11

JAPAN

UK Crawley +(44) 1293 528844
Belgium Brussels +(32) 2 363 0030
France Paris +(33) 14 798 2401
Germany Munich +(49) 89 991 9180
Italy Milan +(39) 0 248 4471

Wilmington, MA +(1) 978 658 5410
Toll free (USA only) +(1) 800 848 9800
Santa Clara, CA +(1) 408 496 1177
Austin, TX +(1) 512 416 0102

Tokyo (Vacuum/Abatement) +(81) 3 5470 6530
Tokyo (Gases/Chemical Mgt) +(81) 3 5470 6546
Osaka +(81) 6 6384 7052
Kyushu +(81) 96 292 4082
Sendai +(81) 22 373 8525

INDIA

CANADA
BRAZIL
Sao Paulo +(55) 11 3952 5000

New Delhi +(91) 112 373 3087

KOREA

11

Bundang +(82) 31 716 7070

13

The versatility of the Auto 306 will enable the user to tailor baseplate
arrangements to suit applications. As some baseplate holes are dedicated,
BOC Edwards would be pleased to advise on feasibility

USA

Misissauga +(1) 800 387 4076

12
RP

EUROPE

Qiryat-Gat +(972) 8 681 0633

10

1

GLOBAL CONTACTS

ISRAEL

8

ASIA PACIFIC
China Shanghai +(86) 21 5866 9618
China Tianjin +(86) 22 2834 1981
Taiwan R.O.C. Toufen Town +(886) 3 761 1422
Singapore +(65) 546 8408

www.bocedwards.com
info@bocedwards.com
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Auto 500 Vacuum Coating System
System Configuration Options

A - Vacuum Pumping
• Diffusion
• Turbo
• Cryo
B - Deposition Options
• 3 sputtering sources
• 2 sputtering sources
• Focused sputtering
• Sputtering and evaporation
• Sputtering and electron beam
C - Sputtering Power Supplies
• DC
• RF
• DC and RF
D - Vacuum Chambers
• CC330 stainless steel cylinder
• SFL400 sputtering chamber
• FL400 front loading chamber
• FL500 front loading chamber
• Water cooled
• Load-lock chambers
E - Additional Accessories
• Film thickness monitoring
• Heating
• Single gas control
• Multiple gas control
• Workholders

T E C H N I C A L D ATA
FL500 Stainless steel box chamber

500 mm (19.7”) diameter x 500 mm (19.7”) high

Internal dimensions
Viewport
Chamber wall access ports
Top plate access ports
Workholder plate
(Standard)
(Maximum)
Ultimate vacuum
Pumpdown
1 x 10-5 mbar (7.5 x 10-6 torr)
2 x 10-6 mbar (1.5 x 10-6 torr)
Vacuum pumping options

433 mm (17”) x 402 mm (15.8”)
100 mm (3.9”) diameter
1 x NW25, 1 x NW38CF
6 x NW25
260 mm (10.25”) diameter
425 mm (16.75”) diameter
7 x 10-7 mbar (5 x 10-7 torr)
< 13 mins
< 60 mins
600 l/s Diffusion pump with LN2
500 l/s Turbo pump with LN2
1500 l/s Cryo pump

GLOBAL CONTACTS
EUROPE

USA
USA

JAPAN

UK Crawley
Crawley +(44)
+(44)1293
1293528844
528844
UK
Belgium Brussels
Brussels +(32)
+(32)22363
3630030
0030
Belgium
France Paris
Paris +(33)
+(33)114
2401
France
47798
98 24
01
Germany Munich
Munich +(49)
+(49)89
899919180
991 9180
Germany
Italy Milan
Milan +(39)
+(39)02
0 248
4471
Italy
48 4471

Wilmington,
Wilmington,MA
MA +(1)
+(1) 978
978 658
658 5410
5410
Toll
800 848
848 9800
9800
Toll free
free(USA
(USA only)
only) +(1)
+(1) 800
Santa
Santa Clara,
Clara,CA
CA +(1)
+(1) 408
408 496
496 1177
1177
Austin,
416 0102
0102
Austin,TX
TX +(1)
+(1) 512
512 416

Tokyo
5470 6530
6530
Tokyo (Vacuum/Abatement)
(Vacuum/Abatement) +(81)
+(81) 33 5470
Tokyo
5470 6546
6546
Tokyo (Gases/Chemical
(Gases/Chemical Mgt)
Mgt) +(81)
+(81) 33 5470
Osaka
6384 7052
7052
Osaka +(81)
+(81) 66 6384
Kyushu
96 292
292 4082
4082
Kyushu +(81)
+(81) 96
Sendai
22 373
373 8525
8525
Sendai +(81)
+(81) 22

ISRAEL
ISRAEL
Qiryat-Gat +(972)
+(972) 88 681
6810633
0633
Qiryat-Gat

INDIA
+(91) 11
112
373
3087
New Delhi +(91)
237
33087
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Technische Daten

Technical Speciﬁcations

Spéciﬁcations techniques

Beachten Sie ebenfalls unsere Garantie- und allgemeinen Verkaufsund Lieferbedingungen.

Antrieb
Motortyp

Drive
Motor type

Moteur
Type de moteur

Bitte setzen Sie sich bei Fragen oder
Unklarheiten mit Ihrer lokalen
ISMATEC®-Vertretung in Verbindung.

Fließrate und Drehzahl
Fließrate
0.001–68 ml/min
Drehzahl
2 Kanäle
1.6–160 min–1
4 Kanäle
1.0–100 min–1
Digital einstellbar in
Schritten von 0.01 min–1.

Flow rate and speed
Flow rate
0.001–68 ml/min
Speed range
2 channels
1.6–160 rpm
4 channels
1.0–100 rpm
digitally adjustable
in steps of 0.01 rpm

Débit et vitesse
Débit
0.001–68 ml/min
Vitesse
2 canaux
1.6–160 t/min
4 canaux
1.0–100 t/min
digitalement réglable
par pas de 0.01 t/min

Differenzdruck
max. 1.0 bar

Differential pressure
max. 1.0 bar (14.5 psi)

Pression différentielle
max. 1.0 bar

Extern ansteuerbar
über RS232- und Analog–Schnittstelle (siehe Seite 30–38)

Remote control
via RS232 and analog interface
(see pages 30–38)

Télécommande
via interface RS232 et analogique
(voir page 30–38)

Netzanschluss
100 – 230 VAC / 50 – 60 Hz

Mains connection
100 – 230 VAC / 50 – 60 Hz

Absicherung Netzteil
2.0 A / 250 V, träge

Fuse rating power supply
2.0 A / 250 V, slow-blow

Connexion au réseau
100 – 230 VAC / 50 – 60 Hz
Type de fusibles
carte d'alimentation
2.0 A / 250 V, à action retardée

Leistungsaufnahme
max. 20 W

Power consumption
max. 20 W

Consommation de courant
max. 20 W

Schutzgrad
IP 30

Protection rating
IP 30

Classe de protection
IP 30

Betriebsbedingungen
Temperatur
+5 bis +40°C
Rel. Feuchtigkeit max. 80%
– nicht kondensierend, bei normalen Laborbedingungen

Operating conditions
Temperature
+41 to +104°F
Rel. humidity
max. 80%
– not condensing, at normal laboratory conditions

Conditions d’utilisation
Température
de +5 à +40°C
Humidité relative au max. 80 %
– sans condensation, sous des
conditions de laboratoires normales

Maße/Gewicht
Dimensions/Weight
2 Kanal TxBxH 178x100x135mm 2 channels DxWxH 7.0x3.9x5.3 inch
Gewicht 2.0 kg
Weight 4.4 lb
4 Kanal TxBxH 190x100x135mm 4 channels DxWxH 7.5x3.9x5.3 inch
Gewicht 2.1 kg
Weight 4.6 lb

Dimensions/Poids
2 canaux PxLaxH 178x100x135mm
Poids 2.0 kg
4 canaux PxLaxH 190x100x135mm
Poids 2.1 kg

CE-Konformität
geprüft nach:
EN 61326-1, EN 61010-1

Compatibilité CE
conformément à:
EN 61326-1, EN 61010-1



Hinweis

Please note

We also recommend you to observe
our Warranty Terms as well as our
Terms and Conditions of Sale.
In case of any queries, please
contact your local ISMATEC®
representative.



Remarque

Veuillez lire également nos conditions de garantie, nos conditions
générales de vente ainsi que nos
conditions de livraison.
Pour toute demande, veuillez
prendre contact avec votre
représentant ISMATEC®.
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DC-Motor

DC motor

CE-compatibility
proved according to:
EN 61326-1, EN 61010-1

A-10

moteur CC

REGLO Digital/ISMATEC SA / 13.09.07/CB/GP

A-13

263A

Potentiostat/Galvanostat
Specifications
Power Amplifier
Compliance Voltage: ±20 V
Maximum Current: ±200 mA (±2 A with 263A/94 option)
Rise Time: <1 µs (No Load)
Slew Rate: >1 V/µs (No Load)
System Performance
Minimum Timebase: 30 µs
Minimum Potential Step: 250 µV
Noise and Ripple: <50 mV rms typical
Minimum Current Range: 100 nA (hardware)
Minimum Current Range: 1 nA*
Minmum Current Resolution: 2 pA
Drift: <50 mV/°C
iR Compensation
Positive Feedback
Range: 20 M� to 20 � depending on current range
Resolution: 0.05% of current range
Current Interrupt
12 bit DAC Potential Error Correction
Total Int. Time: <50 ms – 2050 ms
Current Measurement
Ranges: 7 decades, 100 mA to 100 nA
Accuracy (dc) at Monitor
10 µA to 100 mA: <0.4% Full Scale
100 nA and 1 µA Ranges: <0.5% Full Scale, ±5 nA
Frequency Response (small signal)
1 mA Range: –3 dB at 100 kHz, 1k source impedance
10 µA Range: –3 dB at >4 kHz, 100k source impedance

Differential Electrometer
Input Bias Current: <50 pA at 25°C, typ. <20 pA at 25°C
Max Voltage Range: ±10 V
Max Input Voltage Differential: ±10 V
Bandwidth: –3 db @ >4 MHz
Offset Voltage: <100 mV
Offset Temperature Stability: <50 mV/ ºC
Common Mode Rejection:
>70 dB at 100 Hz
>60 dB at 100 kHz
Input Impedance: >1012 �, in parallel with 20 pF
Potential/Current Control
Digital/Analog Converters (DACs)
Bias DAC
Resolution: 14 bits
Range (Potentiostat): ±8 V
Range (Galvanostat): ±200% of full-scale current
Modulation DAC
Resolution: 16 bits
Range (Potentiostat): ±8 V, ±0.8 V, ±0.08 V
Range (Galvanostat): ±200%, ±20.00%, ±2.000%
Dimensions
17.5" L x 5.5" H x 18.5" D
35 lb (16 kg)
Power Requirements
90–130 V ac or 200–260 V ac, 50–60 Hz,
125 Watts Maximum

Computer interface
GPIB IEEE-488 and RS232

*This sensitivity is achieved through our proprietary application software.
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PowerCV
Voltammetry Software
Specifications
Hardware Supported
GPIB Instruments: 273A, 263A (with /91 option), 6310A,
BES, 283, VersaStat II
USB Instruments: PARSTAT Series (ie., PARSTAT 2263)

Working Electrodes Supported
Model 303A Static Mercury Drop Electrode (HMDE mode
only) with 507 interface
Model 616/636 Rotating Electrodes
Solid Electrodes (see online catalog for electrodes and
cell selection)

Voltammetry Techniques
Linear Sweep Voltammetry
Cyclic Voltammetry (one Vertex)
Cyclic Voltammetry (two Vertex)
One Vertex CV/Multi-Cycle
Two Vertex CV/Multi-Cycle
Uncompensated Resistance Determination

Recommended Computer Specifications
Pentium Processor (1GHz or greater)
64MB RAM
50MB available HDD space
CD-ROM drive
Microsoft Windows 95/98/2000/NT/XP
Interface Card (GPIB Instruments only)
National Instruments PCI-GPIB (PC)
National Instruments PCMCIA-GPIB (Laptop)

283

263A/BES/6310A

273A

VersaSTAT II

PARSTAT

Scan Range

±8 V

±8 V

±2 V

±2 V

±10 V

Applied E

±10 V

±10 V

±10 V

±10 V

±10 V

Scan Rate Maximum
(Ramp Mode)

1 V/s

1 V/s

1 V/s

1 V/s

50 V/s

Scan Rate Maximum*
(Stair Case Mode)

1667 V/s

1667 V/s

1000 V/s

500 V/s

2500 V/s

# Points/Cycle

1k

1k

1k

1k

10k

# Points/Multi-Cycle

90k

90k

2k

2k

100k

*The maximum scan rate for Staircase mode is achieved only in a single sweep with 50 mV potential
steps on set current range in 4/4 acquisition mode.

Specifications subject to change
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PowerCORR Specifications
Potentiostat Setup Parameters (Not all parameters apply to all techniques and are subject to change without notice)
Instrument Model
Conditioning Time
Conditioning Potential
Passivation Time
Initial Delay, Drift

273/273A
0–32767 s
±8 V
0–32767 s
0.01 mV/s to
100 mV/s
0–32767 s
±10 V
1 nA–1 A
1A
2 pA

263A, 6310A, BES
0–32767 s
±8 V
0–32767 s
0.01 mV/s to
100 mV/s
0–32767 s
±10 V
1 nA–200 mA*
200 mA*
2 pA
* 2 A w/ 94
5 V/s
10 µV/s
0.025 mV

283
0–32767 s
±8 V
0–32767 s
0.01 mV/s to
100 mV/s
0–32767 s
±10 V
10 pA–100 mA
100 mA
20 fA

PARSTAT 2263
0–32767 s
±10 V
0–32767 s
0.01 mV/s to
100 mV/s
0–32767 s
±10 V
2 nA–200 mA
200 mA
2 pA

VersaStat II
0–32767 s
±8 V
0–32767 s
0.01 mV/s to
100 mV/s
0–32767 s
±10 V
100 nA–200 mA
200 mA
200 pA

5 V/s
10 µV/s
0.025 mV

5 V/s
10 µV/s
0.025 mV

5 V/s
10 µV/s
0.025 mV

±8 V
4 ms
1–3000
Speed or Stab.
0–8000 RPM

±10 V
4 ms
1–10,000
Speed or Stab.
0–8000 RPM

±2 V
4 ms
1–3000
N/A
N/A

4 ms
2 Ms
1000 s
4 ms
±10 V
5.3 Hz I & E
590 Hz I & E
I/E
210 pA–100 mA

4 ms
2 Ms
1000 s
4 ms
±10 V
5, 50, 500, 5k,
50k, 500k Hz I & E
Bandwidth Filter
21 nA–200 mA

4 ms
2 Ms
1000 s
4 ms
±8 V
I/E

210 nA–200 mA

±4 V (w /96 or /97)

±8 V
4 ms
1–3000
Speed or Stab.
0–8000 RPM*
* w/98
4 ms
2 Ms
1000 s
4 ms
±10 V
5.3 Hz I & E
590 Hz I & E
I/E
21 nA–200 mA*
*2 A w/94
±4 V

±4 V

±4 V

±4 V

User spec.

User spec.

Yes

Yes

User spec.
Yes

User spec.
No

User spec.
Yes

Initial Delay, Time
Initial/Final Potential
Fixed Current Range
Max. Current
Resolution
Scan Rate, Max.
Scan Rate, Min.
Scan Increment, Min.
(Technique Dependent)
Scan Range
Step Time, Min.
No. of Points/Curve
Rise Time Setting
616 Rotation Speed

5 V/s
10 µV/s
0.025 mV
±2 V
4 ms
1–3000
Speed or Stab.
0–8000 RPM

Step 1 Time, Min.
Step 1 Time, Max.
Time/Data Point, Max.
Time/Data Point, Min.
Vertex Potential 1
Filters

4 ms
2 Ms
1000 s
4 ms
±10 V
5.3 Hz I & E
590 Hz I & E

Step 1 Current
Current Interrupt
(Max. IR E Correction)

21 nA–1 A

Stop On Parameter

Line Sync.
Computer Requirements:

Interface Card (GPIB Instruments only)

Pentium II
64 MB RAM
50 MB available HDD space
CD-ROM drive
Microsoft Windows® 95/98/2000/NT/XP

National Instruments AT-GPIB/TNT, PCII/IIA,
PCMCIA GPIB card and NI 488.2 Driver

Specifications subject to change
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Properties of Nafion® PFSA Membrane
A. Thickness and Basis Weight Properties1
Membrane Type

Typical Thickness (microns)

N-112
NE-1135
N-115
N-117
NE-1110

Basis Weight (g/m2)

51
89
127
183
254

100
190
250
360
500

B. Physical and Other Properties
Property2
Physical Properties
Tensile Modulus, MPa (kpsi)
50% RH, 23 �C
water soaked, 23 �C
water soaked, 100 �C
Tensile Strength, maximum, MPa (kpsi)
50% RH, 23 �C
water soaked, 23 �C
water soaked, 100 �C
Elongation at Break, %
50% RH, 23 �C
water soaked, 23 �C
water soaked, 100 �C
Tear Resistance - Initial, g/mm
50% RH, 23 �C
water soaked, 23 �C
water soaked, 100 �C
Tear Resistance3 - Propagating, g/mm
50% RH, 23 �C
water soaked, 23 �C
water soaked, 100 �C
Specific Gravity
Other Properties
Conductivity, S/cm
Acid Capacity, meq/g

Typical Value

Test Method

249 (36)
114 (16)
64 (9.4)

ASTM D 882
ASTM D 882
ASTM D 882

43 (6.2) in MD, 32 (4.6) in TD
34 (4.9) in MD, 26 (3.8) in TD
25 (3.6) in MD, 24 (3.5) in TD

ASTM D 882
ASTM D 882
ASTM D 882

225 in MD, 310 in TD
200 in MD, 275 in TD
180 in MD, 240 in TD

ASTM D 882
ASTM D 882
ASTM D 882

6000 in MD, TD
3500 in MD, TD
3000 in MD, TD

ASTM D 1004
ASTM D 1004
ASTM D 1004

>100 in MD, >150 in TD
92 in MD, 104 in TD
74 in MD, 85 in TD
1.98

ASTM D 1922
ASTM D 1922
ASTM D 1922
�

0.083
0.89

see footnote4
see footnote5

1

Measurements taken with membrane conditioned to 23 °C, 50% relative humidity (RH).
Where specified, MD - machine direction, TD - transverse direction. Conditioning state of membrane given. Measurements
taken at 23 �C, 50% RH.
3
Tear resistance (g/mm) of dry membrane increases with thickness. Values given are typical for 0.05 mm membrane.
4
Conductivity measurement as described by Zawodzinski, et.al, J. Phys. Chem., 95 (15), 6040 (1991). Membrane
conditioned in 100 °C water for 1 hour. Measurement cell submersed in 25 �C D.I. water during experiment. Membrane
impedance (real) taken at zero imaginary impedance.
5
A base titration procedure measures the equivalents of sulfonic acid in the polymer, and uses the measurement to calculate
the acid capacity or equivalent weight of the membrane.
2
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Properties of Nafion® PFSA Membrane
C. Hydrolytic Properties
Property

Typical Value

Hydrolytic Properties
Water content, % water6
Water uptake, % water8
Thickness change, % increase
from 50% RH, 23 �C to water soaked, 23 �C
from 50% RH, 23 �C to water soaked, 100 �C
Linear expansion, % increase9
from 50% RH, 23 �C to water soaked, 23 �C
from 50% RH, 23 �C to water soaked, 100 �C

Test Method

5
38

ASTM D 570
ASTM D 570

10
14

ASTM D 756
ASTM D 756

10
15

ASTM D 756
ASTM D 756

7

Water content of membrane conditioned to 23 �C, 50% relative humidity (RH), compared to dry weight basis.
Water uptake from dry membrane to water soaked at 100 �C for 1 hour (dry weight basis).
9
Typical MD and TD values. MD expansion is slightly less than TD.
8

Recommended Roll Storage Conditions
Unopened roll packages of Nafion® PFSA membrane should be stored in the original shipping box,
out of direct sunlight, and in a climate-controlled environment, maintained at 10 to 30°C, and 30 to
70% relative humidity. Before opening the package, pre-condition the membrane roll to the
processing area temperature for 24 hours.
Once opened and exposed to the environment, the membrane will equilibrate to the ambient relative
humidity, and change in dimensions accordingly. Membrane order dimensions are specified and
measured at 23°C and 50% Relative Humidity.

Handling Practices
Ventilation should be provided for safe handling and processing of Nafion® PFSA membrane. The
amount of local exhaust necessary for processing Nafion® PFSA membrane at elevated temperatures
will depend on the combined factors of membrane quantity, temperature, and exposure time.

Scrap Disposal
Preferred disposal options are (1) recycling and (2) landfill. Incinerate only if incinerator is capable
of scrubbing-out hydrogen fluoride and other acidic combustion products. Treatment, storage,
transportation, and disposal must be in accordance with applicable federal, state/provincial and local
regulations.
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Product Information

SYLGARD® 184
Silicone Elastomer
FEATURES

Optically clear elastomer

• Two-part, 10:1 mixing ratio
• Medium viscosity
• Room temperature cure or rapid
heat cure
• Addition cure system:
no cure by-products
• Stable and flexible from -50°C
(-58°F) to +200°C (392°F)
• Clear
• Flexible rubber - protects against
mechanical shock and thermal
cycling stress at components
• Excellent dielectric properties

APPLICATIONS
• Designed to protect against moisture, environmental attack, mechanical and
thermal shock as well as vibration especially when optically clear product is
required.
• Typical applications include: encapsulation of amplifiers, coils, connectors,
circuit boards, equipment modules, ferrite cores, solar cells and transformers.

TYPICAL PROPERTIES
Specification writers: These values are not intended for use in preparing specifications.
Please contact your local Dow Corning sales representative prior to writing specifications
on this product.
CTM* ASTM* Property

Unit

Value

mPa.s

5500
10:1

mPa.s

4000

hours

2

As supplied
0050

D1084

0050

D1084

0055

D1824

Viscosity at 23°C (Base)¹
Mixing ratio by weight (Base:Curing
Agent)
Viscosity at 23°C, immediately after
mixing with Curing Agent
Pot life at 23°C²

Physical properties, cured 4 hours at 65°C
0176
0099
0137A
0137A
0159A
0022

D2240
D412
D412
D624
D0792

Color
Durometer hardness, Shore A
Tensile strength
Elongation at break
Tear strength - die B
Specific gravity at 23°C
Volume coefficient of thermal expansion
Coefficient of thermal conductivity

MPa
%
kN/m
1/K
W/(m.K)

Clear
50
7.1
140
2.6
1.05
9.6x10ª¤
0.17

Electrical properties, cured 4 hours at 65°C
0114
0112
0112
0112
0112
0249

D149
D150
D150
D150
D150
D257

Dielectric strength
Permittivity at 100Hz
Permittivity at 100kHz
Dissipation factor at 100Hz
Dissipation factor at 1kHz
Volume resistivity
Comparative tracking index (IEC112)

kV/mm

Ohm.cm

1. Brookfield LVF, spindle #4 at 60rpm
2. Time required for catalysed viscosity to double at 23°C.
* CTM: Corporate Test Method, copies of CTMs are available on request.
ASTM: American Society for Testing and Materials.

21
2.75
2.75
0.001
0.001
5x10¹¤
600

HOW TO USE
Substrate preparation
All surfaces should be cleaned and
degreased with a suitable solvent prior
to potting. Care should be taken to
ensure that all solvent is removed.
For best adhesion, coat surfaces with
DOW CORNING® 92-023 Primer or
DOW CORNING® 1200 OS Primer,
following the instructions and
precautions given for use of these
products.

Mixing
SYLGARD 184 Silicone Elastomer is
supplied in lot matched kits consisting
of base and curing agent in separate
containers.
The two components should be
thoroughly mixed using a weight or
volume ratio of 10:1.
The pot life is 2 hours for catalysed
SYLGARD 184 Silicone Elastomer at
room temperature.
Vacuum de-airing is recommended. A
residual pressure of 10-20mm
mercury applied for 30 minutes will
sufficiently de-air the material.

Lowering the viscosity
The viscosity of SYLGARD 184
Silicone Elastomer may be reduced by
addition of up to 10% of
DOW CORNING® 200 Fluid 20 cS.
Added quantities of less than 5% have
little or no effect on either the
physical or electrical properties while
larger quantities of DOW CORNING
200 Fluid 20 cS will diminish the
physical strength and hardness. The
addition of DOW CORNING 200
Fluid 20 cS does not alter the amount
of curing agent required.

How to apply
Apply the encapsulant, being careful
to avoid air entrapment. Vacuum
encapsulation is recommended for
complex geometries.
For information on appropriate
dispensing equipment for your
application, please contact
Dow Corning.
2
Ref. no. 10-1204A-01

Curing
SYLGARD 184 Silicone Elastomer
should be cured using one of the
following recommended schedules:
24 hours at 23°C, or
4 hours at 65°C, or
1 hour at 100°C, or
15 minutes at 150°C
Large components and assemblies
may require longer times in order to
reach the curing temperature.
At 23°C the material will have cured
sufficiently in 24 hours to be handled;
however full mechanical and
electrical properties will only be
achieved after 7 days.

Compatibility
In some cases, SYLGARD 184
Silicone Elastomer may fail to cure to
optimum properties when in contact
with certain plastics or rubbers.
Cleaning the substrate with solvent or
baking slightly above the cure
temperature will normally eliminate
the problem.
Certain chemicals, curing agents and
plasticisers can inhibit cure. These
include:
- Organo-tin compounds
- Silicone rubber containing
organo-tin catalysts
- Sulphur, polysulphides,
polysulphones and other sulphur
containing materials
- Amines, urethanes, amides and
azides.

HANDLING PRECAUTIONS
PRODUCT SAFETY
INFORMATION REQUIRED FOR
SAFE USE IS NOT INCLUDED.
BEFORE HANDLING, READ
PRODUCT AND SAFETY DATA
SHEETS AND CONTAINER
LABELS FOR SAFE USE,
PHYSICAL AND HEALTH
HAZARD INFORMATION. THE
SAFETY DATA SHEET IS
AVAILABLE FROM YOUR LOCAL
DOW CORNING SALES
REPRESENTATIVE.

USABLE LIFE AND
STORAGE
When stored at or below 32°C in the
original unopened containers, this
product has a usable life of 24 months
from the date of production.

PACKAGING
SYLGARD 184 Silicone Elastomer is
available in standard industrial
container sizes. For details please
refer to your Dow Corning sales
office.

LIMITATIONS
This product is neither tested nor
represented as suitable for medical or
pharmaceutical uses.

HEALTH AND
ENVIRONMENTAL
INFORMATION
To support customers in their product
safety needs, Dow Corning has an
extensive Product Stewardship
organization and a team of Health,
Environment and Regulatory Affairs
specialists available in each area.
For further information, please
consult your local Dow Corning
representative.

WARRANTY
INFORMATION - PLEASE
READ CAREFULLY
The information contained herein is
offered in good faith and is believed
to be accurate. However, because
conditions and methods of use of our
products are beyond our control, this
information should not be used in
substitution for customer's tests to
ensure that Dow Corning's products
are safe, effective, and fully
satisfactory for the intended end use.
Dow Corning's sole warranty is that
the product will meet the
Dow Corning sales specifications in
effect at the time of shipment. Your
exclusive remedy for breach of such
warranty is limited to refund of
purchase price or replacement of any
product shown to be other than as
warranted. Dow Corning specifically
disclaims any other express or implied
warranty of fitness for a particular
purpose or merchantability. Unless
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