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=E: £ 2344 A= 7 poly (vinyl alcohol) (PVA)/poly (styrene sulfonic acid—co—maleic acid)
(PSSA-MA) ol2wgute] wlghe: File A4S flste] AePpp|E shista Tt Z28 Y o983 & = 3l
= 3— (trihydroxysilyl) —1—propanesulfonic acid (THS—PSA) & %4J3lo] 7Fu¥ PVA/PSSA—MA/THS—PSA
uS AlZsISiTE Al 2] Ui S $1819 500 ppm Fy 71A1E ]850 Azt wt AEASIE A
solem, EAvle] T9lo uhe uke] E2siehy wisls Bk Slsled A5 574, € F954 2 X—ray pho—
toelectron spectroscopy (XPS)E &3l E<l5licy. THEA3E PVA/PSSA-MA/THS—PSA®] #7]318h2]
EAE B sto] 58, oludhe o] AEE, vEkE e S48 Arlsto] 483k Nafion 1159}
BB B4t AlRto] STl wet Q1 B4l s a1 4.3% 2] B 50 nme FF ZlolE ek
St} B3t ARk 60 S W] o] 2= %= 0.036 S/cm O Z Nafion 1152] 0.024 Kt} gE Sl om o
BHe FIlEE 9.26E-08 cm”/s & Nafion?] 1.17E-065}F 24w 3le-S gelslint. 3k MEAS A14s}o]

Afusd] e 4 Age sk

Abstract: In this manuscript, in order to reduce methanol permeability and, at the same time, to increase
proton conductivity THS—PSA containing silica compound, responsible for methanol permeability reduction,
and sulfonic acid, responsible for proton conductivity enhancement, was applied onto PVA/PSSA—MA
membranes. And in order to improve durability, the resulting membranes, PVA/PSSAMA/THS—PSA,
were exposed to 500ppm F2 gas at varying reaction times. The surface—fluorinated membranes were
characterized through the measurement of contact angles, thermo—gravimetric analysis, and X—ray photoelec—
tron spectroscopy to observe the physico—chemical changes. For the evaluation of the electro—chemical
changes in the resulting membranes, its water contents, ion exchange capacity, proton conductivity, and
methanol permeability were measured and then compared with the commercial membrane, Nafion 115.
Finally, the membran electrode assembly (MEA) was prepared and the cell voltage against the current
density was measured. As fluorination time increased, the contents of F2 increased up to maximum 4.3%
and to depth of 50 nm. At 60 min of fluorination, the proton conductivity was 0.036 S/cm, larger than
Nafion 115 at 0.024 S/cm, and the methanol permeability was 9.26E—08 cm?/s, less than Nafion 115 at
L.17E—-06 cm?s.

Keywords: poly (vinyl alcohol), 3— (trihydroxysily]) —1—propanesulfonic acid, polymer electrolyte membrane,
membrane electrode assembly, surface fluorination.
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3l FHto] ARHA| Hofs =2 o] TR} e rieheFulw
Z REA7H, A7) Asduks skl okt At X
a1 Uk o]t ATES A HlEAA UEA aitAlel HE] =
AS B A A Aol Bt A ool BE F53 (block—
copolymer) Y =33 (doping), &4 (blending) & &3} 7= A
] B4 Aol 3t A7} o] Fo A1 ek wesl Pivovar 527
Fopsdh vite] FolA wieke A= 2 dei ZEl(nd &
5-8) (poly (vinyl alcohol), PVA)-& o83t Had 2} o752 S=385}0]
Jol] Uik Held Falz 918k Wigke FaleE A 4= Q)
Awpg st vl 9lom, Rhim 5-'%1 719] el 22 25
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o] 2] o] HEAT S} silica’] S 373 THS—PSA (3—
(trihydroxysilyl) —1 —propanesulfonic acid) 2] =& E3le] 1.8E—
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oF ®{ZE=et EHEAS| A IFAH(base polymer) &= $HA3)
7}eetE PVA(C99%, FoEAE 89000~98000 g/mol) 2
—SOsH, —COOH IF2= ?lsle] 7ls} X15d7] Fo9Al(donor)
I8kS: 3= PSSA—MA (sodium salt, styrene (Sty) —sulfonic acid:
maleic acid=3:1, B+EAEE 20000 g/mol) & Aldrich Chemical
Co., Milwaukee, WI, USACA Fullste] A1 glo] ARESISC
H, AEWIE Fieks Aelt slkER] THS—PSA(3— (trihyd—
roxysilyl) —1 —propanesulfonic acid, 3a#A% 202.36)
GELEST Inc., USA°lX 7-4181of A Qlo] ARE-sisitt. Addel A
€9 %4+ Young lin Pure Water System (Seoul, Korea) ©2
AArElo] ARSI om wEkS-S Merck (Darmstadt, Germany) ol
] Tlste] Agekaick

kS A5 $sled 72A121 PVAE 90 Celld 6117 52t o
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2 AH8R= Na* 5 H' S 913t —SOsH Fel= x18ks17] 94l
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<Direct fluorination>
Figure 1. Schematic diagram direct fluorination process.
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5 wt%2] THS—PSAS 7|8l AlolM &F ol wHlslod
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9] o= slsl] Ysle] ESCA-LAB 250 spectrometer (VG
Scientific, UK) & A3 01, X—ray sourceZ+= Al Ka.(1486.6
eV) & AREsISiTh

VSTHE] sttaas) Ae] 21/3-20] Wsts #al] flste] 34,
TGA, DSC, ol2w#h83; vlehs T, o2 s At

AEZL 0.1 mLe S75E sessile drop methodZ AZA7]
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Kaime nkagaku Co., Tokyo, Japan) & AR&310] 4% 248 5%
olfiel] Itk 2t AlEel disix= 103] o) S7dste] 1 it
ke Fatslom A3 exk= £9% oui= stk

Q22X (thermo gravimetry analysis, TGA) = E3l0] A|lz¥
wke] 2Emslel W A SHES SsISIcE A8 TA Instru—
ments TGA 2050 New Castle, DE, USA) 2 o]-g5] A4 7]
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ol SA3l0] ISt DSC 2920 AA1EFH #4715 o]85
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weight) 2 Hol(4; area) 2] W3}E 7|x3810] AksEoigth 44
3k 37](5 cm X5 cm) & A& 5 )81 25 Tl Zseg7ol]
SEFold T3] A = 7Adje] AR f7 s AAS,
Ualgr)of] Yo FeEIgick TR0 R o] W e Yol 17
< 8] AASt e84 Tx FAE FERIelcE Ax/
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& k= Bl wNks AT AR AlZF Aol HHEE 2lst
o AlzH 2hE E5ellK 12A13F o AR F S AR
ol A o 2 (1) 2 M HEkE Es A okE & (1h)
o= 2278 ARk 15elM 9] Alzlell e vgke: F%2 HislE
7k AmelE T E o838l SAsISit) Tk AEnlET Y] S
oA 1-pL2] AZS Shimadzu GC—14B 7kA A=2vfE 8=
£ ARgEte] 2AsIGIcE FEs Mdehes w1k 255 +1 C
oJUlZ dal] fleto] Ae ZERE ARt Alofsisick
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AS} L& 27} we] 9 (em?) 7} 5| (cm), D(diffusivity coeffi—
cient) 2} K(partition coefficient) = 212} WgkE-2] kA=) Ful
AGE VR P veke F91% (em®s ) otk ¢3714, D=const,
K= MRhE so oA gtk

FAELE Eajo] AxF FVST o] 217|318k EAS =
a7] $lato] Thaat o] MEAS AxSIgitE’ A= Suljakg-8 af
Z] 9k= carbon paperE ARE3ISITE Hiol 714 EXk(gas diffu—
sion layer, GDL) 2} uli3-2 wte] o) 2 FRsIsick 714 &
A8 7HEZ0] 518 Aol PTFE #9012 o83l A=)z o, oF
Z(anode) 2] 52 50% Pt/50% Ru blackS AMg3lom, o=
(cathode) & 40% Pt/CE AHE3ISICE Sullg-ole MEAS] 718184
574 Tol A G=8AI9h wiele kg sk 5] Slsio] =438
", &, 2} 30 wt% Nafion £ &3slo] ARE3IAT] Nafion
& E) QxS Eljo] E4S AFd] = Al o)l Sule) whe]
Yo 2H-S H| shs AEEr ke de] A Qltk vheAle] =9
] QRS eE] BAAPT] Slle] BE FALAES E3Ist
5 2718} 21 AAEIRITE BARPHS FHTS whiFold HF
A7l B ARBIIE 5709) 38 7k MEA= 120 €9 7ks
S vk JollA] ks Tl AlEsilt) =2t el 324
¥ Fu|e] ok 717} 4 mg/em?olth. AEE MEAE 7129 [-V
s BAJslel| sle] £yt ol vl Aol ugsle] ) &
o=
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PVA/PSSA-MA/THS-PSA Lio| BEMEAS| H
o] FAEAZIE Jalo] A B4 B3 B4 XS AXNEITh
1312 500 ppm 2] B4 FEE 2= Ny/Fy E8714)0] VST
ARkl W& Wigts elglty g2l i WhgAdo] v
A VR B4 A9 AR 7R 2 el st
AEAishs T2 Whe2dS deRllY] whtel] et Eas) A
7] Sl ol ARE 288 B3l A3 AAslor gtk
Figure 264 Bi= 213} o] whe] yHEAsks gslo] 31 wis)
E s 4 glom, EAs) AlRto] dojlel| ulef 2wk o R
wke] 1A} Al 28l @do] A = 9tk
Table 104 £4x0] 2F UPF-29] T Z]o|& B °F 3 nm o]Fo]
M B0 o] F4538] Tavis 21 w4 Qlu) BAshs vt
o] ZHT¢} =g uhE Xjo) 2 Blof| wlehr] wlg- & xjo]E ERdITh
s} /5] v FAlE sdalon, A3l 100 um A2
VSTERS: ARE3ISIEL 1 Aol 500 ppm (Fo/Ny) o] 1A171e]
S B3 AR wf glo] FaEA oR du|ojx)7] ARttt

= 8 b

VST membrane FVST60 FVST80
Figure 2. The visible change of the membrane according to the
fluorination time.
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Table 1. The Atomic Percent Change for the Detected Elements with Fluorination Time
Denth Atomic percent (%)
(eilt) VST membrane FVST30 FVST60
" C O S Si F C O S Si F C O S Si F
0 442 275 243 4.0 - 53.6 279 7.4 6.1 3.9 489 32.8 6.9 6.3 4.3
2 - - - - - 419 298 209 7.1 0.3 404 309  20.7 7.2 0.8
5 - - - - - 396 30.0 234 6.8 0.2 39.4 30.8 224 7.0 0.4
9 - - - - - 37.8 303 253 6.5 0.1 385 30.3 24.1 6.9 0.2
14 - - - - - 37.8 297 265 5.8 0.2 36.4 31.0 25.9 6.5 0.2
19 - - - - - 40.1 28.2 26.1 5.4 0.2 37.2 30.1 26.5 6.0 0.2
24 - - - - - 42.2 272 254 4.8 0.4 377 293 271 5.7 0.2
29 - - - - - 435 269 252 4.1 <0.1 38.7 289 26.8 5.2 0.4
39 - - - - - - - - - - 41.3 279  26.3 4.2 0.3
49 — — — — — — — — — — 447  26.1 25.1 3.9 <0.1
60
100
58 T T e N
-~z Nafion 115
— 56 801
8 sl 9 Nm ST
g 5] %’ 601
© =
50 S 40
@© ©
g 48] =
% 45 2 N
(&) Nafion 115, >300 °C
441 O FVST, 172 °C
424 , , : VST, 1,802 C , , ,
40 0 100 200 300 400 500 600
0 10 20 30 40 50 60 Temperature(°C)

Fluorine exposure time(min)

Figure 3. The static contact angle change according to fluorination
time.

TJjate] w4 AR IARAARE AAJEigion A3S Faio]
FVST30<] 7% F 30 nm7H4] 471 2= %lem, FVST602] 7
- 2F 50 nm2| Zo7H] EAVF EYESS FRIsISI
TEsske vhe] i WHels wEsl] Slek] A57ks S5
Atk REg-do] & A7t Wt AESPA 1AL 732 T A0S
EAolow 2|gkelo] Rt AftEo] et —CFy—CF— A o= ¥
31719 FAle] —OH, —0—, =0 5<] 482 71 3 o)} F343S
Qo7 ko] 2548 FPIAZILE P 157 A8 A3} Figure 3ol
UeR= 213} Zo] B3k fluorination) AlF10] Bl &) =
7VHE A& & & g, olefst Aujer] 1 o] BAviiEe] o]
Folgles & lom, 43t At wE Eellx ] EAaviA
WA} Ao R kel EAsh ARk 60 B2t X135
< ), 5 HEZ0] 41004 56°= HaL 37% 78I Figure
4+ VST, FVST, Nafion 1152] TGA®} DSCS] 2= veh) oL
3tk DSC2 AellA] Nafion®] 79 =3 (7 0] >300 T ol
S R, VSTER] 79-180.2 C, FVSTS] 73$-172 T2 &
285 53 vhe] 24 A vR] 35S & 4= lth
E43) 19e] vke] TGA A= 27 Zo|7F vA] igkor, 7}
W27} ool wet 2o ZAIAR] ATt ZslAA] FA| f=4lo]
A Vel A8 Auke] AFEE & 7 AQtE FAIY] &4

Figure 4. TGA and DSC curve of VST, FVST membrane in com—
parison with Nafion 115.

150~200 CH-=ollx] ghi vfeRdm, 350~450 T Alelellx] vket
var itk 25 2F 150 T7FA= 2hijel] A8k free water?] 5
W} 8], ester REg<l| 23l @AE £2] SHto] FHkE o] 3 HA
A 28 ehdh= 210 wolw, 221 A] $40] Q7] (350 T
FED 7R 23R (desulfurization) o] 2J3] PSSA—-MAZ2] A&t
719} FE2EA719] 491 7t dd shr) o] Fol RS Flo® A7t
Fojx}, 183t 350~450 T F-2olMe] 22F FA] 42 7t
o] PVA/PSSA—MA/THS—PSA 2] Az2] H-all(decomposition) &
oI5t Ao 7 AzkEc),

g Y MY 24s) /59 v EWsE Skisiolch
AZo]| 3 0]7e] AT ANE ¥3lelo] THS—PSAQ] g} &
7h 25=9ke] FHAlel whbA] 3714 2] A¥E Figure 5 Vel
Witk A HA 5 (group—1) & A0 ® Gk THS-PSA 3
A Fhw 2ol Al vho R 2o R} ou)) o] o
FHAe] S/ vepla 9lom, F A 5 (group—2) & A
THS-PSA 7oA =2 7l B 352 THS-PSA #fofr] W
& Pk Axd we ekl glow, B3l x8st FVTSH
o] &ah= Tolnk Al WA F(group—3)+ > THS—PSA 3
ol £ L Axy uro R =0 wkSA o7 <lajo] wlo] -
AA FAA = @S HERGIC

olgfst Avls EdlZ M3 ke g A ol2sle g
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200
2 PVA/PSSA_MA membranes
| iel - ~ .—»=Group_1
180 €19 /0%, Added 3 wt% THS-PSA
<] 3
1L {
510 i
Q 8 i
X 1601 3 .
o o5
g 7 -
o Nafion 115(0.195)
o 1404 o
< 0 20 40 60
% Fluorine exposure time(min)
= 1204 Nafion 115 o
n J';@)
1 ‘,_g»;\[?,-\
100+ Group_3 ~ %ggg’szwﬁ/ THS-PSA, VST & FVST seri
| Added 7 with THSPSA, britle. - ee——————
80 v T T T T T T T T T
0.0 0.5 1.0 15 2.0 2.5

Water content ratio(g H.O/g membrane)

Figure 5. Water content versus swelling ratio of FVST mem—
branes.

Nafion 115(0.91 meq./g membrane)

0.8

lon exchange capacity(meq./g membrane)
d
m]
0

T T T T T T
0 20 40 60
Fluorine exposure time(min)

Figure 6. lon exchange capacity according to the fluorination time.

7)(charged group, —SO3 22 —CO0") &} slo|==A)7] (hydroxyl,
—OH) &] W&ol g&ghe & < Uitk PVAS] —OHS9} PSSA-—
MA, THS—PSA2] —S03,—CO0 & 4 7ol o3t 5814 7fa =2
o|AE|E3} Whgol| ofet A TE: o|FA Hrk wfhr] o]zl 2
8719 Tk slel=SAP] aE EulA 7l S7ER ololA A
Z o % THS—-PSAS] 37} 7S 3782 7hayo], A
7te] ggo] 3| T7tslo] olEst S Y SR Hloltt Hgh
Qe o3t E2lA 7k 21 Wshes E580l Qlof sle|=FA] 1
I o]l AT7IET] WS o] AP A Be E At
2] F523 (mobility) 2+ 14 (free volume) ©] 4317 == Azt
1 R AR 74 | =

Nafion 1159} Hlawale] Bho] 4= gheke- A S7R=wA] whs
o] 719] Hlssth SRS UiEhdo] vk Eell tish x| PdAde] €kl
HAck FVSTHE R VSTERS: H|wslols: ) 83} whaz] wsle]
A st A eI

Ol2uzled ¥ O|2MEE. o Ruehgaw) o]2dE s B4
ARl whE wke] 27)31ek B wEsl] flelo] Aol
itk ebd A3 elx Easlel] wEbA 2] water content$h
Ban] a3 HELelA & HEkE vERt sEAI9E Figure 67
Table 201 Hi= Z3} o] o] 2w shgae] -9 13 Wsls e}

EZ2|H, A34¢W A6%, 20103

CREER

Table 2. The Physico-Chemical Property Values of FVST Series,
VST and Nafion 115 Membranes

VST FVSTI0 FVST20 FVST30 FVST60 Nafionl15
Water content(-) 1.9 1.16 1.14 1.16 1.17 0.19
Swellngratio(%) 1116 1083 1083 1096  109.7 1134

Conactangle 70 yog 534 542 562 -
(degree)
IEC (meq/g) 112 111 L2 110 Ll 091
MeOFt permeabilty ; oo 7 59857 1.908-7 10687 9.26E-8 1176
(em7s)
Protonconductivity 005 0031 0034 0039 003 0024
(s+cm™)
0.06
'g 0.057
9
2
>
2 0.04] o
g o § >
©
= o
S 003
8 Nafion 115(0.024 S/cm)
<
0O 0.0
0.01 T T T T
0 20 40 60

Fluorine exposure time(min)

Figure 7. Proton conductivity at 25 C according to the fluorination
time.

UK ekar glek o) EAEASPT vl 4] Yl 70 B
o] Zh= 152 5438 WA 7IA] okethe Zhe Rtk 1ot
5 o] & E0] AIR= Figure 70l LRt 2148
ol ghggo] Avlel kds] tiE A3S welck BAs) ARE Tt
o wh} uko] o] - T 0.031~0.036 S/emlE Flsk= ek

H|S E4s)e)| e} ol tist A3d S71= water content
7} 228 1.14~1.17% Nafion®} Rlwste] mhe- 22 X5 1
ERHAL Q7] wiiiel] Bhe] upitellx] i o] 28] ofs-E 915 RS F

o] A Zlotk.
gk Ea BAF ESlell whet ERe] Fol #9715 vEhe] =
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Figure 8. Methanol permeability at 25 C according to the
fluorination time.
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