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HYDROGEN FUEL CELL

Fuel cell — core technological element of the sustainable “Hydrogen society”

Barriers for wide deployment of fuel cells:
°; > Cost of hyd
) bipolar plate o5t O y rogen
> Lack of infrastructure (e.g. fuelling stations)
> Cost of fuel cells (Pt in electrocatalyst, bipolar
plates and proton exchange membrane)

gas diffusion layer

cathode
~ _electrolyte (PEM)
v

Benchmark materials for PEM - perfluorinated
sulfonic acid ionomers: Nafion®, Aquivion®, 3M°®

Nafion®

F F2

Proton exchange SOgH

membrane fuel cell
(PEMFC)

Proton conductivity ~ 100 mS/cm
IEC ~ 0.9 mmol [H]/g
Cost ~US$600 to 1200 per m?

Disadvantages: high-cost, non-recyclable

Purpose of this work:
Development of low-cost and efficient PEM based on nanocellulose

MACROSCOPIC MORPHOLOGY
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Cellulose nanocrystal-based membranes: influence of crosslinking amount: the mebranes visually
change but chemically similar to CNC (XPS, FTIR) and crosslinker can be chemicaly accomodated.

RESEARCH MATERIAL: CELLULOSE NANOCRYSTALS

Nanocellulose can be obtained from variety of biomass sources:
— acid hydrolysis (nanocrystals)
— mechanical shearing (nanofibers)
— microorganisms (bacterial nanocellulose)

Cellulose
Hemicellulose
Lo . Lignin
Characteristic properties:
— high mechanical strength
— low density and high surface area
— non toxicity and biodegradability

— flexibility

Higher plants, bacteria,
simple animals (e.g. tunicates)

Plant cell wall

mechanical,
chemical tretment

Ordered (crystalline) domains

Conventional
cellulose
(microfibers)

Membranes features:

— uniform thickness in casted
membranes (agueous solution)

— natural drying (no extra energy)

— suitable for mass production

— flat and stable after hot-pressing

Disordered (amorphous) regions

strong acid treatment/\

mechanical shearing
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nanofibers

“Eco-friendly, low-cost
material platform for

advanced materials

PROTON CONDUCTIVITY IN CNC WITH BACKBONE SULFONATION

Proton conductivity measured by impedance spectroscopy (through-plane mode at varied temperatures and relative humidity)
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— The technological process for CNC fabrication (acid hydrolysis) results in a different values of sulfonation
— Understanding/utilization of backbone sulfonation can have significant impact on final conductivity
— The differences of the proton conductivity can be higher than 20 times (desulfated vs. CNC Univ. of Maine)

PROTON CONDUCTIVITY IN CROSSLINKED CNC
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-300k

-1400

60% RH

-1200

~200k - -1000}

70% RH

3 Ry -800 3
-600
-100k
400 - [ { Magpnified "high frequency
i /.' / range" (intercept used to
/ / estimate the membrane
-200 //:" / resistance and conductivity
0+ T T T T T 0 "” i L A I ! ! |
0 100k 200k 300k 0 200 400 600 800 1000 1200 1400
Zl
12 2-orders increase
80 °C, 95% RH 1043 zi_ - - - - theoretical
g ol *Nafion ~ 100 mS/cm : 2'22 ® experimental
@ 2.0
.2 — 1.4 @ ®
D 6 o ] <
- € 1.21 .
© € 1 Nafion-212*, 0.95 -1.01 . P
< = 1-0'ﬁﬁﬁ:ﬁﬁ:ﬁ:ﬁﬁﬁ:ﬁﬁ:ﬁ:ﬁﬁ:ﬁﬁﬁ:ﬁ:ﬁ/ﬁ‘ﬁﬁ:ﬁﬁ:ﬁﬁ:ﬁﬁ:ﬁﬁ:ﬁ:ﬁﬁﬁ:ﬁﬁ:ﬁ:ﬁﬁ:ﬁﬁ """"""""""""
o] O : ‘
o 4r w 0.8 ‘/’
g 0.6- 7 n/a for
= 1 L membrane
C% 2r 0.4- e fabrication
024 .-
0.18 1-7
0 o0+ 7——

0 5 10 1% 20 25 30 35 40 45 50

CNC 10% 15% 20% 25% 30%

Membrane type Concentration of acid in membrane forming solution (%)

-100

-80[

-60[

40t

-20F

CNC crosslinked with SSA

Sulfosuccinic acid
(CNC crosslinker)

Much lower resistance
compared to CNC
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development N — / — CNC is a promising biopolymer platform for developing novel PEM
SOPeE via the sulfonic acid crosslinking pathway
Molecular structure — The structural integrity of the sulfosuccininc acid crosslinked CNC ’ LIS P TN
membranes with up to 35% of the acid in membrane forming mixture /
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shows that acid is bound via esterification route, stable even at higher .
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(b) Partially sulfonated cellulose
— Considering high gas barrier of nanocellulose membranes PEMs with competitive
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(c) Sulfonated cellulose crosslinked with organic sulfonic acid

The study aims to clarify what is more important for the proton conduction: “backbone sulfonation”
or “sulfonation via added crosslinker”. Therefore investagation of these factors on proton conduc-
tivity and mechanical properties is planned. Materials will be designed with a various content of two
types of sulfonation.
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