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‘;@ Applications of Polymer Electrolyte Membranes
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Facilitated transport
bulk Fickian diffusion
{mino?}
¥
carrier-mediated transport
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Application to
Dye-Sensitized Solar Cells

Solar Cells

Annual market growth rate: 1990-1998
(Source: REPP, Worldwatch 1998/99)
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Why Dye-Sensitized Solar Cell?

Resource Generation Cost (¢/k Wh)
Coal 3.11-3.41
Gas turbine 2.53-3.41
Nuclear 3.31-5.74
Good Wind Site 5.84
Optimal Wind Site 3.89
Silicone Solar Celt 25-30
Organic Solar Cell 3-5¢(7)

(Sources: International Atomic Energy Agency,
ExternE, and Wind Power Monthly,
The Wall Street Journal, 27 Aug. 2002.)

Cost for producing DSSCs is 1/5

of that for conventional silicone cells.
Science, 300, 1219 (23 May 2003)

{g_@) Configuration of Dye-Sensitized Solar Cells
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B : electrolyte (M* + I + 1,7in CH,CN)




r@ Transport{ in Dye-Sensitized Solar Cells
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‘@ Roles of Electrolytes in Solar Cells

Electrolytes:
* |-and |;- conductor
« electron barrier or hole conductor
« electrochemical redox reaction media
« interfacial contactor for dye, TiO,
and electrode
» mechanical separator
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@ Issues in Electrolytes for Solar Cells

Liquid electrolyte: M* + I+ ;" in liquid solvent (CH,CN)
(M*: Li*, Na*, K*, R,N* or imidazolium ion)

« difficulty in preparation and maintenance
* solvent leakage
» poor mechanical strength

Q polymer solvent

Polymer electrolyte: M* + |-+ ;- in polymer solvent

* low ionic conductivity
* poor contact

Improvement in
ionic conductivity and
interfacial contact

three different approaches




‘@ Facilitated transport to increase ionic conductivit}lr

Facilitated transport of I- and I5" ions
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Electrostatic interaction of M* and |- becomes weak
because of coordination of oxygens to M*, and
becomes perhaps reversible.

Metal ion coordinated by neighboring oxygens
can act as a carrier for iodide ions.
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f@ Increase in the ionic conductivity
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!@ Importance of Contacts in Solar Cells

Contacts of electrolyte with semiconductor and dye

f@) SEM of TiO, coated with high Mw PEO

Poor contact
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R Low conversion efficiency
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m Pore size dlstrlbutlon in TiO, layer (BET/N,)
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R,= c(Mw)°* where ¢=0.063 (nm) for PEO in MeOH.
0% Vandermmlers, P. Damman and M. Dosiere, Polymer, 39, 5627 (1998)

i Poor contact

)

PEO (n = 0.07 %)

4M8 Contact of electrolytes with TiO, particles

| Better contact

KP (n=8.10 % at 10 mW/cm?)
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‘@ Properties for dye-sensitized solar cells

measured at10 mW/cm?

ox 108 Voc Jse gy
Electrolyte (S cm) ) (mA em?) | ff(-)  n®)
PEO/Nal/l, 1.66 0.60 004 025 0.07
KP/Nal/l, 24.77 0.67 1.36  0.73 8.10

Improvement in both ionic conductivity and interfacial contact induces
the increase in the overall energy conversion efficiency
mostly because of the increase in the current density

@ Long-term stability
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Variation in the overall energy conversion efficiencies of DSSCs
employing KP with KU/ |, with the vacuum drying time




Solar Cell Performange-z

“* nanocomposite electrolyte

* lonic conductivity is ~ 10° Sicm at RT

= MPH shows higher ionic conductivity than KI < ] uldl
2 “
° o o Pu:llnh:I‘(V) ° ° °
P Voe Jse FF Efficiency
{mWicm?) v) {mAlcm?) (%)
MPI§ 100 0.67 9.58 0.70 4.5
10 0.59 219 0.74 8.1
Ki 100 0.69 8.10 0.64 3.6
10 0.61 1.80 0.71 6.7

National Creative Research Initiative Center for Facilitated Transport Membranes

Solar Cell Performam;g-:!

s DSSC employing supramolecular electrolytes

* o= 2.5 x 10° Slcm
*V,. =057V

= J . =9.53 mAlcm?
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Solar Cell Performance vs lonic Conductivity

liquid electrolyte
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Solar Cell Performance vs SQIar intensity

liquid electrolyte ™

Solar energy conversion (%)
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@ Conclusions

Novel solid polymer electrolytes provide
high ionic conductivity as well as good
interfacial contact between electrolyte and dye-
adsorbed nanocrystalline TiO, layer.

The cell performance are
8.1 % at 10 mW/cm? (ex. 2.6%) and
4.5 % at 100 mW/cm? (ex. 1.6%).

Membrane Separation for
Olefin/Paraffin Mixtures

— 27 —
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‘@ Issues on separatipn of olefin/paraffin mixtures

¢ ethylene and propylene :

18t and 34 in production
¢ cryogenic distillation:

high operation cost

# of theoretical plates > 100
¢ large initial capital investment

amg’u

< Distillation towers > < Membrane skid >

National Creative Research Initiative Center for Facilitated Transport Membranes

;@ Propylene/Propane Separation Performance of
Polymeric Membranes

P,=D,; S, : permeability
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membrane Trade-off behavior!l!
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f"%\ Oxygen/Nitrogen Separation Performance of
¥ .
=" Polymeric Membranes
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L. M. Robeson, J. Memb. Sci,, 62, 65-185 (1991)

208 How to Overcome the Trade-Off Behavior

* structure-properties relationship
» molecular sieve membranes

» facilitated transport in solid state




‘g_',‘!;) Structure-Property ’(Relationship
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A Shimazs, T. Miyazaki. M. Maeda, O. Tozawz and K. fkeda,
SEN'I GAKKAISHI (MM 2 I #), vol. 56, p 85 (2000}

"@ Facilitated Transport in Solid State

Facilitated transport
bulk Fickian diffusion
{minor}

-+
carrier-mediated fransport

{dominant)

carrier for facilitated transport




‘@ Carrier Properties for Facilitated Transport

A carrier (B) is a compound which
reversibly and specifically reacts with a solute (A)

k
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Concentration fluctuation model
for facilitated transport:

Pr « k,Cpln(1+Kp,)

where P,, C; and Kp, are permeability, carrier
cancentration and driving force, respectively.

'@ Facilitated Transport

What happens
if K is large but
k, is small?

No facilitated
transportii!!

The backward reaction rate constant k, is more important
than the equifibrium constant K in determining facilitated
transport.
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@ Carrier Properties

A carrier (B) is a compound which
reversibly and specifically reacts with a solute (A)

A+B+— AB K=k1/k2
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‘@ Concentratio? Fluctuation Model
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¥=1+[p_d) L2 | 2nk;L7Cy In1+Kpo)

[P = Po Po P Po

P
Pa

P

where n = N,Cy(nr.2L)

Pr & P: permeabilities in facilitated transport membranes & pure matrix
pa &po: pressure fluctuation & applied pressure

- k; &K: backward reaction rate & equilibrium constants

P= 0 cp&L: carrier concentration & membrane thickness

Ps o« kyCgIn(1+Kp,)

National Creative Research Initiative Center for Facilitated Transport Membranes
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‘9 Olefin Carriers
id-free Solid Polymer Electrolyte System
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AgBF, poly(2-ethyl 2-oxazoline) -{CH,CH,

POZ

PVP

carrier polymer solvent
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t@ Separation Performance: Concentration

Facilitated transport of olefin through polymer electrolyte membranes

PVP:AgCF,SO,
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Mole fraction of silver salts Mole fraction of silver saits

PW 0.05 F,') 55 Ppmpane 0 05 E} 0.003 w1th mcreasmg silver salts

mem / F‘pmp‘.me is hugher than 10, 000
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‘M Separation Performance: Pressure

Olefin carrier : silver polymer electrolytes

50
silver salt : AgBF,, AgCF,SO,
Py polymer sofvent : POZ, PVP
5
= 20 - —(CHz-CHz-r;J);
o =0
§ = r—— i ~CH,CH);
—0~ POZ:AQCF3503 27 N
E 104 —o— PVP:AgBFy POZ (_TO
—— PVP:AQCF3SO3 poly(2-ethyl 2-oxazoline) v
° 100 z'zo 3;0 4;0 5"» 0 poly{N-vinyl pyrrolidone)
Feed Pressure (kPa)
propylene permeance: 0.05 ‘ 45 high permeance as well as

propane permeance: 0.05 m) 0.003 | high selectivity at high pressures

National Creative R h Initiative Center for Facilitated Transport Membranes
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Bl Separation Performance for Propylene/Propane mixtures
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x 50 in permeability
x 200 in selectivity
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