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- RESEARCH SUMMARY

Title ELECTROCHEMICAL EVALUATION OF NEW
: FLUOROSULFONIC AND FLUOROPHOSPHONIC
ACIDS AS FUEL CELL ELECTROLYTES

Contractor Lawrence Berkeley Laboratory
‘ VGRI contract No. 5086-260-1229
Principal
Investigator P.N. Ross
Report Period ~ April 1987 - April 1988
Objective To evaluafe a series of new fluorosulfonic and fluoro-

phosphonic acid as alternative fuel cell electrolytes
having superior performance than phosphoric acid.

Technical , .

Perspective Phosphoric acid, the electrolyte currently in use in
acid H2-O2 fuel cells, suffers from several limita-
tions. It is desirable to identify new electrolytes thabt
have electrochemical and physical properties superior
to those of phosphoric acid such as faster kinetics for
oxygen reduction, higher oxygen solubility and lower
anion adsorption on the platinum catalyst. Moreover,
they should possess high ionic conductivities, low
vapor pressures, electrochemical and thermal stabili-
ties and low contact angles with Teflon, characteristics

of phosphoric acid.

Results A number of new fluorosulfonic and fluorophosphonic
aclds have been evaluated as candidates for fuel cell

electrolytes. Oxygen reduction data on smooth platinum
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Technical
Approach

electrodes indicate that the addition of the new
electrolytes to 85% phosphoric acid increases the
oxygen soluBility in the mixture. Solubilify of
(CFéSO2)20H2' n 1n water is quite good. Aqueous
solutions of monosulfonic acids with a terminal SF 5
group such -as SFSCHFCF2SO3H, are highly soluble
in water and show high ionic conductivities, especially
at elevated temperatures. The performance of the
oxygeﬁ cathode 6f the fuel cell in 85% phosphor’ic

acid containig 1.3% [HSO4(CF,),50 is superior

to that of pure phosphoric acid.

The procedure for the evaluation of new acids was a
'two stage procéss, the first stage being p'hysicochemi-
cal property méasurements ( equivalent weight, state
of.hydration, conductivity of aqueous solutions) and
preliminary electrochemical property measurement
using cyclic .voltammetry. If the results in the first
stage appeared promising, further electrochemical
evaluation was begun using either the purified acid

by itself in pH =1 éolutions (if a sufficient quanti-

ty of écid were a{failable) or the purified acid added
tb pre-.puriﬁed 85% phdsphoric acid, and measurement
of oxygen reduction kinetics either in a rotating disk

electrode (RDE) cell or in a small (1 ml) fuel cell.
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Project
Implications

GRI Project
Manager

The electrochemical evaluation and character-

zation of fluorinated acid electrolytes is a critical

element of the advanced electrolyte research program.‘
Significant progress has been made in purification

of sampleé which has resulted in moré meaningful
electrochemical measurements. Liquid electrolyte problems
still unresolved for a number of new acids evaluated
include high vapor pressure and wetting of Teflon. The
third year of this contract will involve continued
evaluation and characterization of new compounds synthe-

sized by GRI contractors.

D.A. Scarpiello
Manager, Catalysis Research

Physical Sciences Department
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INTRODUCTION:

A variety of fluorosulfonic and fluorophosphonic acids wefe evaluated in
the last year. The procedure used in this evaluation was a twostage process, the
first stage being physical-chemical property measurements ( equivalent weight,
state of hydration, conductivity of aqueous solutio‘ns) and preliminary electro-
chemical property measurement using cyclic voltammetry. If the rgsults in the
first stage appeared promising, further eiectrochemical evaluation was begun
using either the purified acid by itself in pH = 1 solutions (if a sufficient quantity
of acid \.Nere available) or the purified acid added to pre-purified 85% phosphoric
acid, and measurement of oxygen reduction kinetics either in a rotating disk elec-

trode (RDE) cell or in a small (1 ml) fuel cell.
EXPERIMENTAL:

All electrolytes were prepared either with Harleco ultra-pure water or
with highly pure water obtained by circulating distilled water through Milli-Q
(Waters) water purification unit. Purity of newly synthesized acids was checked

by .recording cyclic voltammograms in dilute acid solutions having pH = 1.

Different platinum electrodes and cell configurations were used in cyclic voltam-

metric measurements. Preliminary experi'rﬁents were conducted either on a plati-
num cyl‘inde‘r electrode ‘or on platinum flags of different sizes. The se‘lection of a
given eLiectrode was based on the quantity of thé sample supplied by the synthetic
chémist. Several glass cells were fabricated in order to accomodate various solu-
tion volumes ranging from 1 to 200 milliliters. A large (compared to working

electrode) platinum flag served as counter electrode. In oxygen reduction



experiments, this electrode was directly inserted into the cell solution. The poten-.
tial of the working electrode was monitored with respect to a dynamic hydrogen
electrode (DHE) in a separate compartment, connected to the main cell via a lug-
g‘in caplillary. A re;fer.sibl; hydrogen electrodev.(RHE) requiring only 0.5 ml of
so‘luvtvion, was used for sami)les which were s.upplied in small quantities. This"
reference electrodé was ﬁlled with the test solution and then hydrogen was élec-
trochemicaliy generated at th(e platinized platinum electrod;e.

In oxygen reductioxi kinetics measurements; two different ceHs and condi-
tions were used. For puri'ﬁedv solutions of the dcids, nvomina;lly pH 1 were exam-
in’ed in .a 200 ml glass ce'il. A standard Pine Instruments Pt RDE and Pine rotor
were uséd. Measﬁrements of écid mixtures with 85% phosphoric acid were done
in .a small Teflon fuel cell with 1 cm2 active area commercia;l fuel cell Pt Elec-
trodes (Prototech). The temperature for the fuel cell data was typically IOOOC.
Some acid mixture experiments were also performed in the RDE cell by adding
the nvew acids to O.‘7M or. 0.1M phosph;)ri‘c acid solutioﬁs. |

Purity ;)f the new ac"ids :was tested by recording a cyclic voltam'mogrém in
dilute aqueous sélution (pH 1) and comparing the results with that of purified
pixosphoric or sulfuric acid. This was done before each of th.e "supef acids" was
. test;ed. o

A PAR 273 ér'Pine RDE4 pofentiostat/galvanoétat was used In cyclic
voitammetry experiments. Rotating disk elelctrode ;a,nd fuel cell da.ta.were col-
Iecte‘d by PAR 273 in the remote mode, using an IBM PC as the host computer.

The results of cyclic voltammetry experiments are described in the follow-

ing section. All acids received for electrochemical evaluation are listed in Table 1.



The geometrical areas of electrodes used: 6.8 em? (Figs. 2,9,12), 3.96 cm? (Figs.

3,6,8,14), 3.76 cm? (Figs. 10,11,13,15) and 0.05 cm> (Actual, Figs. 4,5).
AL CYCLIC VOLTAMMETRY DATA:

Figure 1 illustrates the rotating cylinder electrochemical cell. The cell
requires only 30 ml of solution, suitable for electrochemical evaluation of new
super acids. The large ratio of surface area (6.8 cm2) to electrolyte volume was
intende.d for minimizing the effect of impurities. .Although this was true for the
stationary electrode, the quality of oxygen reduction kinetics data was lo§ver than

those obtained using a rotating disk electrode.

Figure 2 shows cyclic voltammogram of Pt in purified 0.7M (pH 1) phos-
phoric acid solution saturated with purified nitrogen. This voltammogram was
used for the comparison of Pt behavior in the new Super acids. The well-defined
- oxide formation and reduction regions and symmetrical hydrogen adsorption-
“desorption peaks a.re typical of a solution .free from any adsorbable or electroac-
tive impurities. Cleanliness of electrode and cell assembly was also checked with

0.1N sulfuric acid. The corresponding cyclic voltammogram is shown in figure 3.

Figure 4 and 5 show the cyclic voltammograms of Pt in 0.18M solution of
CF3(CF2)2CH2OCFQCFQSO3H and 0.25M solution of CF3CHZOCF2CFQSO3H,
saturated with N2, respectively. These acids were received as yellow-brown
liquids of less than 1g each. These solutions had a strong odor. Significant

amount of impurities were present in each acid. Considering the small quantities

provided, no purification procedure was attempted.



Cyclic voltammogram of Pt in 0.016M soluion of (CF3802)2 CHé is
shown in Figure 6. This acid was received as a crystalline white solid. The sample
was less than one gram. Cyclic voltammetry data indicates the presence of some
oxidizable impurities in the solution. Beca,usé of small amoﬁnt of material avail-

able, no further study was conducted.

Figure 7 shows the voltammogram of 0.1IN (0.05M) solution of

(gogs(cFQ)

2)20 saturated with N,. This acid was received as a viscous clear

liquid. .The equivélenp weight_wa,é deterrr.linedv to be 178. Base;d on the molecular
foxifnlila, the equivalent of an anhydrous sample Wouid be 189. The discrepancy
indicates the presence of a significant amount of a lower molecular weight acid.
Cyclic voltammetric data indicate that the sample contains considerable amount
of impurities. Several grams of acid were available, so a purification procedure
was done.

. The acid was treated with hydrogen peroxide and refluxed at SOOC for
several hours. The solution was then boiled down to a viscous liquid which
solidified upon cooling to a white gelatin. A small amount of liquid was present.
The equivalent weight of purified acid was measured to be '1811 This indicates
that some of the lower molecular weight acid has been preferentially removed,
but sign.iﬁ‘cant émounts likely remained. Cyclic voltammogram '(')f Pt after
purification ié shown in ﬁguré 8, indicating thét a significant impfovement has
beén achieved. The amount of écid left after first puriﬁc;tion, was just enough to
be. used as an additive to 85% phbsbhoric acid for fuel cell testing. Results of the

fuel cell experiments will be shown in section C.



Cyclic voltammetry of Pt in 0.05M (based on the theoretical formula
weight) solution of (HO)2P(O)OCH2(CF2)4CH2OP(O)(OH)2 is shown in figure 9.
The measured pH of this solution was ca. 1.2. The solution as-prepared contained
tiny droplets of "oil" which sgttled out after a few hogrs and were removed.
Appearance of.a peak at 0.85 V, the shapes of oxide formation/reduction waves
and poor resolution of hydrogen adsorption regions are clear evidence for an
impure electrolyte. No signiﬁ‘cant improvement was produced by cycling for a
few hburs, or by constant current; electrolysis with Pf elecﬁrodes ét 5mA/cm2 for
2 days. While purging the solution .wivth N2 to remove diésolved hydrogen and
oxygen and recording é&élic voltammogram, a vigorous reaction started suddenly

which rapidly heated the solution to ca. 70°C.

- Hydrogen peroxide treatment was applied in order to purify this acid.
After feméi’i_ng exess water, a two-phase viscous solution containing a small
amount of a c'ry_stalline material was obtained. It is known that perfluorinated
»alkylp'hosphoni'c acids are hydrolytically unstab]e; specially at high temperatures,

and decompose to the corresponding alcohol according to the following reaction:

Our observations can be explained on the basis of such a decomposition reaction.

Two samples of two monosulfonic acids, each containing a terminal SF5
group were supplied by Prof. Gard of Portland State University as white solids.

The cyclic voltammogram of Pt in 0.1M solution of SFSCH.,SO3H 1s shown in



Figure 10. This sample is reasonably clean and the small amount of. impurities
can be easily femoved by hydrogen peroxide treatment. Figure 11 illustrates the
voltammogram of Pt in 0.118M solution of SF5CHFCFQSO3H. ‘Both solutions
were readily ‘dissolved in water and have high proton conductivities. More of

these acids was requested for further investigations.

A sample of disulfonic acid, (CF,)c(SO5H)

gy Was received as a white

solid. The equivalent weight of the acid as-received waé determined by titrétion
to be 535. An aqueous 0.05M solution of was prepared, having a measured pH of
1.18. The cyclic voltamme;try curve for this solution is showﬁ in Figﬁre 12. After
48 hours of céntinuous cycling, the éppearance of the voltamﬁetry curves
improved considerably (curve B); characteristics of removal of oxidizable impuvri-

ties. The conductivity of 0.05M~solution saturated with air at 90 ‘C was 55
mmhos, a much higher conductivity than a pH 1 solution of TFEDSA at the
same conditions. ‘This acid was considered to be promising and production of a

larger quantity was requested. More data on the oxygen reduction kinetics on

smooth and supported platinum electroes will be shown in subsequent sections.

There was enough of this acid, so it was purified by hydrogen peroxide
treatment. The cyclic voltammogram of Pt in the purified 0.05M solution is
shown in Figure 13. The current in the oxide formation region is still high indi-
cating the presence of some impurities. It seems that this one-étage purification
procedure is not sufficient enough to remove_a,ll iﬁpurities. Subsequently, we
adoptedv a two—stagev pur-i.ﬁcvation procedurve as sﬁggested by Case Western Reserve

University. More data on this acid is presented in section B.
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A long-chain monosulfonic acid, CSF17SO3H, was received as a white

poWder. The equivalent weight was determined to be 533 by titration with 0.01N

- sodium hydroxide solution. A 50 ml 0.091N solution of this acid was prepared.

The measured pH of this solution was 1.1. This solution was extremely foamy,

making difficult simple procedures such as purging with nitrogen. A cyclic vol-

tammogram of 0.091N solution of this acid is shown in Figure 14. This is one of
the hig‘hest quality voltammograms which we have observed in» the synthesized
acids. This acid was purified by hydrogen peroxide treatment. A viscous liquid
was obtained after heating the solution in grder to remove the excess water. Th¢
concentratién ;)f this solutiqn was found to bé 1.2M by ﬁitration. If heating is
continued, a "crsytalline liquid'f is formed. Figure 15.shows the cyclic voltammo-

gram of 0.1N solution after purification which indicates the sample is reasondbl'y

.clean.

At this point in our study, only two acids in reasonable quantities, have
shown both sufficiently interesting physical properties and reasonable purity to
wz?rr'ant further evaluation, and those are .(‘JSF.'”SOszand (QF2)6(SO3H)2. lIn
the following section, our results on the oxygen reduction studies at smooth plati-
num electrodes are described. For convenience, we will refer to thes acids as 08

and 06’ respectively.

All' chemicals were purified- with H20-2 and H2-Pt black treatment as

recommended by CWRU. Except for the filteration of Pt black, Teflon (PFA)

~ bottles were used in order to minimize the solution contact with glass. A



| significant improvement on the purity level of 81">%VH3PO4 was observed when
“compared to a single-stage hy.droge_n peroxide treatment. In the case of—Cs'acid
(and 06’ to a lesser extentv)_,'some problems were encountered. The aqueous solu-
tion of this acid acts as a strong surfactant. Decomposition of hydrogen peroxide
was quite slow due to thé formation of a very tiny gas bubbles which continued

to evolve for several days and formed a foam layer on the top of the solution.

For all measurements a rotating disk electrode (geom. area = 0.46 cm2)
wa,s> used. .The electrode was bolished.with alumina (final stage, 0.05‘ um) to a
rrii;'ror’ finish. It was washed, degreased, cleaned in 1:1 HNO3/H2SO4 andrﬁnally
rinsed thoroughly with ultrapure water. A reversible hydrogen electrode; filled

with the test solution served as the reference electrode. A platinum flag was used

as counter electrode.

The activity of srﬁooth platinum for oxygen reduction was tested in O.IM
solution solution of Cg and the results were compared to those obtained for 0.1M
- phosphoric acid. The electroreduction of oxygen in 85% H3PO4 containing low
: éénCentratioﬁs of C6 and CS Ahas been also carried out. dyc]ic voltammetry and
rotating disk electrode techniques hvave been uséd to study the effect of the
perfluorosulfonic acids as additives to 85% HzPO, on the oxygen reduction on

smooth Pt.

Cyclic voltammogram o_fth in purified 0.1M phosphoric'acid is shown in
Fig. 16 as a reference for comparison. It has all the characteristics of an -
impurity- free electrolyte.

Figure 17 shows the cyclic voltammogram of Pt in a 0.1N solution of



unpurified 06 acid saturated with N2.=The shape of the voltammogram indicates
the presence of impurities in the solution. The current in the oxide formation
regién is higher than expected and the hydrogen adsorption-desorption peaks are
completley suppressed. A brown thin film was formed on the electrode surface
when bthe potential was cycled betweeﬁ 0.02V to 1.5V for few hours. ‘This film
which was not dissolveci in 1:1YH1.\103/H2‘SO4 wa,s si}nilér to the one“reported
‘previously when ba Pt cylinder electorde with a higher surfacev area was uséd. The
cyclic voltammogram of Pt in purified (twice). 0.087N solution ‘of C6‘ is sh(;v;/n in
" figure 18. No film formation was experinced in ‘t:he pﬁriﬁed solution .vind-icating
tﬂat this is due to the presencé of impﬁritigs in the original solut:,ion. The shape of
vthe peaks i'n the oxide and h‘ydrogen adsorptioﬁ-ciesorption regionls of figure 18
are indicatives ‘o.f a.rrwluch‘cvleaner solﬁtion. In ﬁguré 19 the voltammograms for

the two purifeid acids are compared.

The oxide.formation in the dilute Cﬁi acid solution starts at a more
_cathodic potential and the currents for -both oxide formation region and its red.uc-
. tion, are higher relative to dilute phosphoric acid. This is the result of the weaker
adsorption of the sulfonic acid compared to phosphoric acid.: -

Figures: 20 and. 21 show the cyclic voltammbgrams of Pt in 02-
saturated solutions of 0.1IM H,;PO, and 0.087N (CF,)s(SO;H) , respectively.
The electrode was activated by applying potential pulses between 0.2V and 1.2V.
The potential then stepped to 1.2V and scanned cathodically at 10 mV/s. The
- first as well as the third cycle (steady-state) is shown for each solution. Although
the onset of the oxygen reduction starts at more anodic potential for sulfonic

acid, the peak potential shifts in the cathodic direction and peak intensity



decreases. This might be due to the traces of impurities left in the solution. For
H3PO4 sblut;ion, the peak potential remains constant while its intensity increases
upon cycling. The steady-state peak intensities are almost the same for both solu-

tions, indicatingthe comparable oxygen solubilities in the dilute solutions.

Oxygen reduction experiments also Were carried oﬁt ih pure 85% H3P04
and a mixture containing 0.45% (CF2)6(SO3H)2 in 85% phosphoric acid. The
‘ corresp’cmding cyclic vqltaﬁlmograms in the O2 saturated H3PO4 solutions before
aﬁd af/'ter the additioﬁ of C6 acid are shown in figure 22.

| | The pblarization cu;'ves were recordea at different rotation rates as indi-
cated in figure 23 for 85% H3PO4. The electrode was activated by application of
5 pulses (20 sec.) between 0.2V and 1.5V, then the potential stepped to 1.0V and
I-E c1.1rve‘s recorded at 10 mV/s in t,h—e cathodic direction. The slight increase
observed in the limiting ‘disk currents at E < 0.35V results from initial édsorp-
tion of hydrovgenv;,s can. be seen in figure 22. |

After recording I-E curves in 85% H3PO solid .CG acid was added to

4
f;he cell. The concentration of CG' acid was found to be 0.45%. The low concentra-
tion was chosen because ﬁhe solubility of C6 acid in 85% H3PO4 is quite low and
foam formation at higher cpnpepprations makes the measurement less reliable.
‘The mixture was purged with oxygen overnight at a low rate due to formation of
-foam bubbles. As figure 22 shows, there is no significant difference upon the addi-
tion of (3'6 to ~H3PO4 at this low concentration. Polarization curves for oxygen
reduction in the mixture were recorded following the same procedure described

for H3PO4. It can be seen that limiting currents for the mixture in figure 24 are

higher at all rotation rates in the presence of 06 acid. This is due to the higher

10



oxygen solubility in the mixture rélative to 85% phosphoric acid.
On the other hand, the onset of oxygen reduction in the mixture coin-
cides with that of pure phosphoric acid and no cathodic shift in the reduction

potential is observed as might be expected with an enhancement in kinetics.

We also examined the effect of on the kinetics of oxygen reduction in 07M
phosphoric acid with the RDE. In particular, we wanted to see if were an increase
in the ljfniting current with C8 additiop, indicative of higher oxygen solubility.
Figures 25 and 26 compare the results in bﬁfiﬁed .phosphoric acid after addition
of the as-reéeived C8 to a le\.lel of 0.01M. Forrﬁation of huﬂge amount ;)f foam
makes the measurement unreliable at high‘ rotation rates.. Although the limiting
currents are not much different at low rotation rates, the kin‘etics curr;:nts are
‘clearly lower in the mixture. Similar results were obtained when a small amount

‘of purified C8 was added to 85% phosphoric acid.

Oxygen reduction kinetics in a purified 85% phosphoric acid solution was
compared with that of Cg acid as an additive (0.42%) to Vpho.sp‘horic acid. The
corre_ponding voltammograms are shown in figure 27. The currents in thé l?t oxi-
dation and reduction regions are higher in the m.ixture. The oxygen soiubility in
85% H3PO4 increases upon addition of C8' This c’anv be easily seen by comparing
the magnitude of the‘ limiting current at 400RPM ip the polarizati_on cur\;es
shown in figures 28' and 29. Formation of foam bubbles which forces the splution
out of cell makes the measurements’at higher iSt;tiqn ra?;es unreliablie. There-
fore, polarization curves for the mixture wer"e" ;f‘e'c.()rded at 100 and 400 RPM.

Althhough the limiting current is higher for the mixture at 400 RPM, the oxygen

11



feduction potentials have been shifted quite significantly to more cathodic poten-
tials, even though C8 concentration in the mixture is low. The same phenomenon
has been previously observed in 0.7M H3PO4 solution containing 195 C8 acid.
Due to the availability of small quantity of purified C8 acid, it was used as an

additive.
C- FUEL CELL MEASUREMENTS

Fuel cell experiments were conducted in a small Teflon cell. Electrodes
were high surface area standard gas diffusion (Prototech) with 1 cm2 active area.
Polarization curves were recorded at 100 C using pure hydrogen and oxygen at

atmospheric pressure.

‘The effect of 08F17SO3H, as additive to 85% phosphoric acid, on the per-
formance of the fuel cell cathode was investigated for mixtures cgntaining 0.5%
to 25% of the a,s-receivéd m.<l)nosulfonic acid. It was not possible to collect any
rﬁeaningfui data in the c.oncentll;ation range of 2% to 25%. The oxygeﬂ reduction
reaction be.éa;me mass-tranéport controlled immedié,tely after the application of a
g;lvanbstatié ‘publs.e, even at low current densities. ’At the same time, the cell
resistancé increased from 1.6 ohm in pure phosphori.c acid to 2.6 ohm for the
- 25% sulfonic acid in t.he fnixture. By lowering the concentration of C8 to 0.5%, a
fnéé,surabl'e gain in potentialb was observed, when a galvanostatic sweep .of 2
fﬁA/sec was applied to the cell.

The I-E 'curv'es are shown in Figure 30. Cell potelntials were corrected for IR
(iroip by measuring the‘ @ell. fesistance using either a Wayne Ierr bridge' or

current interrupt téchnique. Increa,siixg the sulfonic acid concentration to 1% in

12



the mixture resulted in aﬁ increase in the cathode polarization.
- "The fuel cell performance was deteriorating with time, which was probably due
to the ﬁooding of the electrode structure. Additional experiments were performed
in purified solutions but similar problems were experienced. No reliable data
could be collected when purified 45% Cé was introduced into the cell, because of
con‘tinuous _drifting of the cell potential. The cell resistance started to increase
with time and would reach as high as 250 ohms. Addition of fresh acid would
decrease the cell resistance for a short period of time. Titration of the "gel”
femained in the cell after few hours of operation indicated loss of water from the
cell which, in turn, resulted in a lower conductance. A layer of detergent was
found on the gas side of the oxygen cathode as the result of wetting of the the
Teflon structﬁre of the electrode.

Solubility of the .CS acid in water is quite low ( 0.1M) and its aqueous
solutions are not suitable for fuel cell testing at high temperatures. The results of
fuel cell measurements for a 1% solution of CG in 85% phosphoric acid were not

- different from the data collected in pure 85% H3O within the experimental

4’
error. Figure 31 shows the current-potential data in the range of 0.01 to 100 mA,
collected point-by-point in 85% phosphoric acid containing 2% disulfonic acid. It
indicates that addition of C6 to phosphoric acid slightly lowers the fuel cell per-

formance. More experiments will be conducted for lower sulfonic acid concentra-

tion in the mixture.

Figure 32 shows the polarization data for oxygen reduction in purified
phosphoric acid containing 1.3% [HSO3(CF2]2O. The cathode polarization is

lower by about 10 mV at currents greater than 1 mA. There was not enough

13 .



sample availble to study the fuel cell performance of the pure acid or as additive

to phosphoric acid at other concentrations. Synthesis of more acid was requested.
D;QQNDILQ’HMIHMEASHREMENIS

Specific conductivities have}bee.n measured for.a number of new acids
using a Wayne IKerr Autobalance Universal Bridge B642, over a temperature
.. range between 25 to QOOC.- Temperature of vair saturated solutions was controlled
to + 0.5 C using a water bath. The measured conductivity data for 0.05 M (pH
1) solutions of (CF,)4(SO4H), and [(OH)QP(O)OCHQ(CF-2)2]2 are shown in Fig-
~ure 33. The conductivity of the latter acid is much lower compared to phosphoric
acid in the whole temperature range studied. The disulfonic- acid solution has
higher conductivities than phosphoric acid at temperatures above 70 OC. Com-
_parison of the _c_ond_uctivit;y data for two mohosulfonic_acids having a terminal
SF5.group and a symmetrical disulfonic acid with an ether linkage are illustrated
in figure 34. Both mono- and disulfonic acids have higher conductivities than
- phosphoric acid at high tempratures.. A 0.12N solution of SFSCHFCFQSO3H has

the highest conductivity, at elevated temperatures, among all acids studied.
CONCLUSIONS

Electrochemical evaluation. of .a variety of new fluorosulfonic and fluoro-
phosphonic acids have been conducted. The experimental results should be used
as guidelines for the synthesize of new acids. The acids tested, in general, have

;high‘er oxygen‘ s;lubilities cofnpareci to phosphoric acid‘v However,l Iong- chain

"monosulfonic acids such as 08F17SO3H are not suitable as fuel cell electrolytes

14



due to their tendency to wet the Teflon structure of the gas diffusion electrodes.
Flooding of the fuel cell electrodes has been experienced with several acids having
a terminal CF3 group.. Disulfonic acids of the type (HSO3)2(CF‘2)n do not wet
Téﬂon. On the other hand, the vapor preséures of acids containing a few CF2
groups are high and increasing the fluoroalkyl chain—lengv;thrin order to lower
vapor pressure, results in a decrease in their water sqlubilities.

A disulfonic acid, [HSO4(CF,),]oO containing an ether linkage, shows
high water solubility and superior activity for oxygen reduction compared to
phosphoric acid when it is used as an additive. Short-chain mono sulfonic acids
containing a terminal SF5 group have high conductivities and good water solubil-
ities. Reasonable ciuantities of these acids are needed to fully investigate their

usefulness as fuel cell electrolytes. -
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TABLE 1

LIST OF NEW ACIDS RECEIVED FOR TESTING

1. Professor G. Gard, Portland State University

- a) C8F17 SO3H'

b) (CF3502)2

216(503H);

d) SFSCHZSO3H . H20

e) SFSCHF CF2$03H . HZO-

2. Professor J. Shreeve, University of Idaho

CH,

c) (CF

SO.H

a) HO,S(CF 2)2 3

33(CFa),

b) CF3CH20(CF

CF

O(CF

2)2 303H

3(CF,), CH,0(CF,), SO5H
(0)

d) (H0)2P 0 OCH2 (CF2)4 CHZO(O)P(OH)2

c) CF

3. Professor D. Des Marteau, Clemson University

a) C4F9502N(H)SOZCF3

“b) (CF3502N(H)502CF2CF2)2
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E/V vs RHE

Cyclic voltammogram of Pt in purifiedO
100 mV/sec.
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E/V vs DHE

Fig. 3. Cyclic voltammogram of Pt in 0.1M HZSO4 saturated with

N2. Scan rate = 100 mV/sec.
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Fig. 4. Cyclic voltammogram of Pt in 0.18M CF3(CF2)2CH20 CFZCFZSO3H.
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Fig.s Cyclic vo]tammogr;m of Pt in 0.25M CF3CH20(CF2)2 SO3H.
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Fig. 6. Cyclic voltammogram of Pt in 0.016M (CF3SOZ)2CH2.
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Fig. 7. Cyclic voltammogram of Pt in 0.05M (HSO3(CF2) )20.
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Fig. 8. Cyclic voltammogram of Pt in 0.05M (HSO3(CF2)2)20 after HZOZ
treatment.
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0.0 0.5 E/V vs DHE 1.0 0 1.5
Fig. 9. Cyclic voltammogram of Pt in 0.05M (HO)ZPOCHZ(CF2)4—-

CHZOS(OH)Z. '
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Fig. 11. Cyclic voltammogram of Pt in 0.118M SF5CHFCF2 SO3H. HZO'
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Fig.

0.0 0.5 1.0 1.5
E/V vs DHE

12. Cyclic voltammogram of Pt in 0.05M (CF )6 (SO3H)2 (R),
and after 48 hours of continuous cycligg the
electrode potential (B).
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Fig.‘14. Cyclic voltammogram of Pt in O.1IM C8Fi7 SO3H.
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Cyclic voltammogram of Pt in 0.1M C
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Figure 16 Cyclic voltammogram of Pt in 0.1M H3PO4 saturated with N2.
scan rate: 100 mV /sec
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0.0 0.2 0.4 0.6 0.8 1.0 1.2 1
E/V vs RHE .

Figure 17 Cyclic voltammogram of Pt in 0.1N (CF‘2)6(SO3 H), saturated with Ny before
purification. scan rate: 100 mV /sec
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Figure 18  Cyclic voltammogram of Pt in 0.087N (CF,)g (SO5H)
after purification. scan rate: 100 mV/sec

34

2

1.2 1.4

saturated with N2

1

.6



7/

0.1}

0.0}
<
£
S

M0

-0.2¢+

0.0 0.4 0.8 1.2 1.6

E/V vs RHE

Figure 19 gyclic voltammograms of Pt in 0.IM H PO, (——) and 0.087N

(CFy)(SO5H), (------- ) saturated with N,. scan rate: 100 mV//sec
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Figure 20 Cyclic voltammogram of Pt in 0.1M H3PO4 solution saturated with 02‘.
Scan rate = 10 mV /sec
first cycle - ---. third cycle
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E/V vs RHE

Figure 21 Cyclic voltammogram of Pt in 0.087N (CF2)6 (SO:‘,'H)2 saturated with O,.

scan rate: 10 mV /sec
first cycle .- ---- third cycle
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Figure 22 Cyclic voltammograms of Pt in O,-saturated solutions of 85% H PO
before (------ ) and after addition of (CF,)g(S gH)g (=——).
Scan rate: 100 mV /sec
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Figure 23 Rotating disk data for O reduction on Pt i
2 on Pt in 85% H3PO4,

scan rate: 10 mV /sec
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- Figure 24 Rotating disk data for O, reduction on Pt in 85% }{3I’O4 solution containing

~ 0.45% (CF,)

G(SOSH)2' Scan rate : 10 mV /sec.
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Figure 26 Oxygen reduction on Pt rotating disk electrode in 0.7M
H3PO4 + 0.0IM C8F17 SO3H.
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Figure 27 Cyclic voltammograms of Pt in 85% H PO, (——) and 85% H PO, + 0.45%

CgF 17503H (-------- ) solutions saturated with N,. %can rate: 100 mV /sec.
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Figure 28 Rotating disk data for O, reduction in 85% H,PO,.
. 2 3 4
Scan rate: 10 mV/sec.
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Figure 29 Rotating disk data for 02.reduction in 85% H3PO4 solution containing 0.42%
8 17 ’

C.F SO3H. Scan rate: 10 mV /sec.
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