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Synthetic Technigques

® Atomic Transfer Radical Polymerization
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Fuel Cells

¢ PEMFC (Proton Exchange Membrane Fuel Cell)
OMFC [Direct Methanol Fuel Cell)

Cathada
CLrmarg
Ciolfetar ANOBE :H;=2H' + 3¢
CATHODE : 1720, + 2H" + 2e=HO

TOTAL  : H,+ 1120, = HO

ANDDE  : CH,OH+=H,0 = CO,+6H" + 6w
CATHODE : ¥20,+ 6H' * fe =3H,0

TOTAL CH,OH + 320, = CO, +2H,0 E*=1.18V
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Polymer ElBGtI_’UWtE Membranes

# Perfluorinated polymer electrolytes

— Satisfactory properties

- High cost [~ S600/m?)
— low H* conductivity at high T & low humidity

- high MeOH crossover
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Nanophase Separation

conducting * Advantages
— Formation of lon conducting channels
by microphase separation

- Hindering of swelling by surrounding
non-sulfonated phase

- Lowering of Me0H permeability
— High mechanical stability

nonconducting

" High lonic conductivity =~
Good mechanical property
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High IEC
— poor conductivity — high conductivity

— poor mech. property
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G raft BDDOIym_E rizatiﬂn Prog. Polym. SCi. 2008, 28, 439

& (rafting of PS onto PTFE

« Radiation [ -ray, electron beam]
- chain arafts are covalently attached to main chain

I membr. Sci. 2006, 251, 121

& Membrane Property

Basic grafting scheme
s polymies I 'h:.””.u It pasdyioe

1B
mctivated polyme * erafted co-pol Vi

Ml knnion z
it co-pmlvimer —= skl polyrmer clectodyvie

ETFE: polylatiwians tatrafudroatiyEans. PYOF polyvimdidens faoridal
LOPE: low dansity polyathyiang
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Commercial Graft Membranes

& Commercial Membranes

CFy '?F CFypCF LR LF LRy CHy H*:’ CFCHy CHACF - CF, 1 Bectrochem. Soc. 1888, 145, 780

|L-l-I- |:HI. CH; |:|-I L'- -Ll-:.. Ll- F,

« comparable performance

O to Nafion 117
HJ Tj « ~ 10,000h stability
B0.H 504 S04H

Formion I-:||:.|ll|.'r|

« Permion: irradiation grafting of styrene onto FEP (or PTFE, ETFE]
« Ravmion: pre-irradiation grafting of trifluorostyrene onto ETFE.
followed by sulfonation
FEP: poiieiraliuoroa imiem—co-hexalluoropromyians |

PTFE: poNitaraliuoro atmiana |
ETFE: polvie tylensa 1 trafluoroe tiana]

Li“ing Braft Cﬂnowmer 1. Poly. Scl Poly. Prvs. 2002, &0, 581
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Li“ i "g G ra ﬂ B UU Wm Br Macromolecules 2004, 47, 2409

& TEMPO mediated polymerization

Preliminary H,/0, fuel cell tests
show promise for PEM

TEMPO: 2 2.6 8-wtramatiniplparignyi-1-0xy, FESA poNistyrans sufome acld)

@ Atomic Transfer Radical Polymerization
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Single-step Synthesis

tur. Polym, L 2008, 44, 832

PVOF-g-PSSA and PVDF-g-PSPMA
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PVDF-g-PSSA

SUCTESSTU Synthes!s |

tur. Polym, L 2008, 44, 832

PVDF-g-PSSA and PVDF-g-PSPMA
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« Maximum grafting degree: 35% and 25 wt%
« [EC values: 0.63 and 0.45 mea/a

» Water uptakes: 46.8 and 33.4 w%
= Proton conductivities: 0.015 and 0.007 S/cm at RT



Administrator
Theories and Applications of Chem. Eng., 2008, Vol. 14, No. 2                                                                                                                       3850


Theories and Applications of Chem. Eng., 2008, Vol. 14, No. 2

Facile Synthesis via ATRP 1 wom. st 200s 313,916

PVDF-CTFE-g-PSSA
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Crosslinked Structure | Mo, 8cl. 2008912, 816

ADOB J80B 3EDE WOEA  Go07 AR imE MO
Wavanumber (el



Administrator
Theories and Applications of Chem. Eng., 2008, Vol. 14, No. 2                                                                                                                       3851


Theories and Applications of Chem. Eng., 2008, Vol. 14, No. 2

Membrane Properties L Membr, Sci. 2008, 313, 315
Crosslinked PIVDFCTFE-g-PSSA
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Anhydrous Membranes 1 Membr. Sct. n press
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Anhydrous Membranes 1 Membr. Sct. n press

Crosslinked PIVDFCTFEV/IDA/PA
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Proton Conductivity (Sfcm)
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High conductivity and good thermal stability
under anhydrous conditions

Graft Copolymer ElectrolyteS  uvmwises o

various
morphology
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