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STUDIES ON THE THERMAL STABILITY OF THE PERFLUORINATED
CATION-EXCHANGE MEMBRANE NAFION-417
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TECHNOLOGICAL INSTITUTE OF CHEMICAL AND FOOD INDUSTRY, A. E., KOMANDORSKA
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The thermal stability of the perfluorinated cationexchange membrane Nafion417 was de-
termined by means of simultaneous TG-DTA. The individual decomposition stages were studied
via IR spectroscopy and ion-exchange capacity determinations. Nafion417 is thermally stable up
to 280 °C. Above this temperature, sulfonic groups present in the membrane are split off (Tppax =
= 345 °C. In the temperature range 420—590 °C, oxidative destruction of the perfluorinated
matrix occurs, which is accompanied by practically total weight loss.

Perfluorinated ionomer membranes represent a major advance in mem-
brane technology. Although a variety of applications have been found for
these polymers since their appearance about fifteen years ago, the main
driving force for their development has been their potential application
as membrane separators in commercial alkali metal chloride solution
electrolysis. This major chemical technology is in the process of being rev-
olutionized through the use of these materials.

Among the polymeric synthetic ion-exchange membranes, special at-
tention has been paid to the Nafion membranes, based on sulfonated fluoro-
carbons. Owing to their chemical inertness, thermal and mechanical stability,
and high permeability and mechanical stability, and high permeability and
selectivity, they have proved to be particularly suitable for many industrial
processes [1, 2]. Nafion membranes have found wide application in the
chemical industry. e.g. as separators in chloralkali electrolysis or as solid
polymer electrolytes in fuel cells [3]. Perfluorinated ion-exchange polymers
can also serve as “superacid’ catalysts for many organic reactions [4].

The structures and physicochemical.properties of Nafion membranes have
been studied extensively by many authors [1,5-9]. Only a few papers have
been published on the thermal stabilities of Nafion membranes; these have
concerned the thermal behaviour of Nafion in solutions of chemicals up to
200—-250°.

The purpose of our studies was to investigate the thermal properties of
Nafion-417 in the temperature range 20—1000° through the use of thermo-
gravimetry (TG) and differential thermal analysis (DTA). The combination
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of these techniques with other analytical methods (IR spectroscopy and ion-
exchange capacity (IEC) determination) enabled us to study the thermal
degradation of Nafion membranes.
Experimental
Materials

The Nafion products (Du Pont de Nemours and Co.) are copolymers of
tetrafluoroethylene and monomers such as perfluoro(3,6-dioxa-4-methyl-7-
-octene)sulfonic acid:

— [(CF, —CF,);, — (CF—CF;),1- where:

O m=5-13.5,
CF, | n = ca. 1000, and

CF-CF,| z z=1,2,3,...

CF,

SO;H

The value of m determines the cation-exchange capacity, which according
to the manufacturer’s data varies from 0.55 to 1.05 mmolg~!. For the ion-
exchange membrane studied (Nafion-417), we determined an IEC of 0.31
mmolg ™!, probably because of the reinforcement fabric present in the
membrane tested. This membrane was used in H* form, prepared by im-
mersion for 24 h in 1 M HC), followed by careful washing with distilled
water. Before thermal studies, the samples were vacuum-dried at 60°.
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Thermal studies

Thermal behaviour was studied with a MOM 102 derivatograph. First, the
samples (ca. 250 mg) were heated in air atmosphere at a heating rate of
10 deg'min~! in the temperature range 20—1000°. On the basis of the traces
obtained, the main thermal transformations were determined. Then, other
samples were heated under the same conditons, but up to the temperatures
corresponding to the respective decomposition stages. For the partially
decomposed residue, the IEC was determined and the IR spectrum was
recorded.

IEC determination

The IECs were determined by the titration of samples (ca. 0.5 g immersed
in 50 cm® 1 M NaCl) with 0.1 M NaOH, a pH-meter and glass-calomel
electrodes being used.

IR spectra

Infrared spectra were recorded in the range 4000—400 cm ! on a Perkin-
Elmer 621 spectrophotometer, using KBr pellets (3 mg sample and 200 mg
KBr).

Results and discussion

The TG, DTG and DTA curves and IR spectrum for Nafion-417 are
presented in Figs 1 and 2A, respectively. Figures 2B and C show IR spectra
for samples obtained by controlled decomposition.

It may be seen from Fig. 1 that the DTG-DTA curves exhibit three stages
of decomposition:

1. The first endothermic effect occurs between 50° and 180° (Tipax = 120°).

The mass loss at the end of this stage, read from the TG curve, is ca. 4%
and is caused by moisture elimination only. This was proved by the cor-

responding IEC increase for a sample separately heated up to 180°.
Moreover, the IR spectrum revealed the disappearance of the character-
istic O-H stretching vibration (free H,0 at 3650—3150 cm™!) (Fig. 2B).
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Fig. 1 TG, DTG and DTA curves of Nafion-417

Up to 280°, Nafion<417 is thermally stable and no thermal effects were
recorded.

2. The thermal effect in the range 310—380° (Tmax = 345°) is connected
with a 7.7% weight loss. It is accompanied by the total loss of IEC, caused
by the splitting-off of sulfonic groups.

3. Two very strong exothermic effects were recorded in the range 4205 90°,
with maxima at 500 and 565°. These decomposition stages, which are ac-
companied by practically total weight loss, are connected with oxidative
destruction of the perfluorinated matrix.
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Fig. 2 Infrared spectra of Nafion-417 (A) and products of its thermal decomposition: up to 180 °C
(B) and up to 380 °C(C)

Conclusions

Studies on the thermal behaviour of Nafion-417 have shown that this
membrane is thermally stable up to 280°. Below this temperature, only
moisture elimination is recorded. However, at higher temperatures, sulfonic
groups are split off. Consequently, the membrane loses its IEC and can then
serve neither as a cation-exchanger nor as an acidic catalysts. Our studies
have proved the much higher thermal stability of cation-exchangers based on
perfluorinated monomers (Nafion products) in comparison with traditional
ion-exchangers manufactured on a styrene-divinylbenzene copolymer base
(e.g. Amberlite, Dowex or Wofatit), which can be used up to ca. 120°.
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IR spectroscopy proved to be a useful method for estimation of the
structural changes of these products during heating, but only in certain
regions. For the Nafion membrane, the strong CF, vibration overlaps part of
the spectrum, so that some spectral details of the SO;H bands can not be
observed. However, a strong band is visible at 1060 cm !, which is assigned
to the symmetric stretching vibration of SO3.
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Zusammenfassung — Die thermische Stabilitit der perfluorierten Kationenaustauscher-Membran Nafion
417 wurde durch simuitane TG-DTA untersucht. Die einzelnen Zwischenstufen der Zersetzung wurden
durch IR-Spektroskopie und Messung der lonenaustauschkapazitit charakterisiert. Nafion 417 ist ther-
misch stabil bis 280 °C. Oberhalb dieser Temperatur werden die vorhandenen Sulfonsiiuregruppen abge-
spalten (Maximum bei 345 °C). Im Temperaturbereich 420—590 °C findet oxidativer Abbau, verbunden
mit volliger Gewichtsabnahme, statt.

PE3IOME — Inia onpeneneHusa TepMOYCTOMUMBOCTH NOJHOCTHI0 (TOPUPOBAHHON KaTHOHO-OGMEHHOM
memOpasnsl Hadoun—147 61 vcrons30BaH TepMHMYecKMi aHamua. DA u3yueHHSA OTAENBHBIX CTAamMi
pasnoxenun 6pumM npumenensr Meron WK cmexrpockomun u HOHO-0OMeHHO# xpomatorpadus. Yera-
HOBJeHO, yto Hadmon—147 repMumueckn ycroiue no Temnepatypbt 280°. Brile 3Toft TeMmpepaTypht
(Twaxc. = 345°) DpPOMCXOOMT OTILEMNEHHe CYNHGOrPYIILI, a 3aTeM B TEMIIEpaTyPHOM HMHTepBaje
420—590° MPOMCXOONT OKMCIIMTENBHO-BOCCTAHOBMTENBHIN pacnal mnephTopHpoBaHHOro obpasua,
COMPOBOXNAIOIMIKCH ITPAKTHYECKY TIOJIHOM NoTepei Beca.
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