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Abstract

We describe a dehydration study of ultrafiltration (UF), nanofiltration (NF) and reverse osmosis (RO) organic composite
membranes. This study gives an original description of the state of water in polymer composite membranes by differential
thermal analysis (DTA). Usually three types of water are present in polymer membranes described by spectroscopic studies:
first shell of water hydrate (type 1 water), second shell of disturbed liquid like water and liquid like water (type 2 and 3 water).
These experiments cannot permit to clearly distinguish these different types of water but only two. Ours results show that
strongly bounded water, corresponding to the type 1 water, has a high departure temperature. Types 2 and 3 water cannot be
differentiated and their departure occurs around the boiling point temperature of free water. © 1998 Elsevier Science B.V.
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1. Introduction

The study of the state of water in polymer mem-
branes has been fully described in symmetrical cellu-
lose acetate membranes [1,2a,2b—6]. From all these
studies a crystal like structure has been deduced for the
water in the pores. This structure is intermediate
between that of ice and free water. As a consequence
water in the pores exhibit different properties as in the
bulk such as higher viscosity and smaller permittiv-
ity....[3,5,6]. Murphy et al. [7] have found that the
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structure of water in asymmetrical cellulosic mem-
branes is dependant on the heterogeneity of the mem-
brane. Water in big pores (ultrafiltration, UF,
microfilteration, MF) seems to aggregate in clusters
of water molecules as in small pores the percentage of
clusters is very small [6]. The active layer of dense
reverse osmosis (RO) membranes contain weakly
aggregated water. In UF membranes water contained
is rather like free water.

There are many models to describe the water struc-
ture in polymers [8—14]. Three types of water have
been found in polymer membranes from spectroscopic
studies [2a,2b,5,6,15-18] or thermoporometry [19]:
first shell of water hydrate (type 1 water), second shell
of disturbed liquid like water and liquid like water
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(type 2 and 3 water). The hydration of organic mem-
branes happened in 2 steps [19,20]: (i) a layer of water
monomer is adsorbed on the surface of the polymeric
membrane, (ii) other water molecules are adsorbed on
the first monolayer with weak hydrogen bonding. The
first layer of adsorbed water has lost its hydration
properties toward solutes, especially in RO, where the
pore diameter is very small as compared to the thick-
ness of the adsorbed film. In that case, the first layer of
water monomers acts as a new membrane which can
be a selective barrier for solutes. As a consequence the
mechanism of solute transfer in RO is a solvation—
diffusion mechanism. In UF, the thickness of the first
layer of monomers is very small compared to the pores
diameter and solutes mass transfer mechanism is
mainly convective [19-21].

The present paper deals with thermal analysis of
organic membrane swollen by water. The work aims at
describing the water structure in polymeric mem-
branes by mean differential thermal analysis (DTA).
Membranes used for this study are polymer composite
membranes in the range of molar weight cut-off

(1)

(MWCO) from UF (<200,000 Da) to RO (<100 Da)
membranes.

2. Materials and method

The organic membranes under study are polyamide
(PA) NF membranes (NF70 with a molar weight cut-
off (MWCO) near 180 Da (average pore diameter:
0.62 nm) from Filmtec (Denmark) and polyethersul-
fone (PES) UF membranes (MWCO: 1000, 30,000,
100,000 and 200,000 Da; average pore size respec-
tively: 0.8£0.2, 5.1+1.0, 10+1, 28+£5nm) from
Tech-Sep (France). In addition, a polyamide RO dense
membrane from Barnstead (USA) has been used for
comparison (RO pure). The membrane materials are
reported on Fig. 1. All are composite with a support
layer in polysulfone (PS).

The thermal analytical system employed is a
Mettler TA-Thermosystéme FP800 associated to an
FP85 oven and an EPSON HX20 data system. Mem-
brane samples have been heated at a rate of 2°C/min or

OO~ -0,

(2) 0

(3)

fO
n

COOH

1-n

Fig. 1. Membrane materials: (1) polysulfone (PS), (2) polyethersulfone (PES) and (3) polyamide.
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5°C/min in sealed aluminium pans (volume: 40 pl,
Pax=2 bar). The sample weight is in the range of
15-20 mg. The skin and the sublayer parts of the
membranes studied, have been separated by manual
pealing using an adhesive double tape. The samples
are immersed in liquid water at room temperature
during 24-48 h. Before experiments all samples are
drained off the excess of water in the air. Then the
samples are cut in pieces small enough to fill the
pan in which the DTA will be done.

Table 1
Characteristics of the DTA endothermic peaks

3. Results and discussion

3.1. Thermal analysis of the components of a
NF70 membrane

In order to investigate the contributions of the
different layers of these composite membranes, the
skin and the sublayer of the membranes have been
separated and analyzed separately by means of
DTA. The results are reported in Table 1 and Fig. 2.

Temperature transition (°C)

Peak onset Peak maximum Peak endset

Whole membrane peak 1 (96)* (110)* (118)*

peak 2 120 137 144
Skin peak 1 122 123; 125; 128 129

peak 2 134 144 149
Sublayer peak 1 105 115 118

peak 2 134 140 142
# Peak occasionally observed.

70 80 90 100 110 120 130 140 150

-------- baseline
a
support layer
s aCtive layer

complete
membrane

Fig. 2. Differential thermal analysis thermograms of a nanofiltration composite membrane: (a) support layer; (b) active layer; (c) complete

membrane (membrane NF70; scan rate: 2°C/min).
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------ baseline
RO

1000 Da
~ 30000 Da
— 100000 Da
— 200000 Da

Fig. 3. DTA of PES membranes with different cut-off (scan rate: 5°C/min).

Thermal analysis of the whole membranes in sealed
pan reveals a large endothermic peak beginning at
120°C and stopping at 144°C (T,,x=137°C). The
small endothermic peak, occasionally observed
below or near 100°C, is attributed to surface humidity.
The skin layer exhibits, at least 3 narrow peaks
between 122°C and 129°C and a large peak at
Tmax=144°C. The sublayer presents two well defined
peaks at Ty,,x =115°C and Ty,,,x =140°C. These results
show that the thermogram of the whole membrane
does not correspond to the sum of the skin and the
sublayer. This could be due to water exchange
between the two layers in the composite membrane
during the analysis. The difference in thermal analysis
of the components of the membrane could be attri-
buted to their different chemical nature: polyamide
(skin) and polysulfone (sublayer).

3.2. DTA of PES membranes with different MWCO

In order to investigate the influence of the pore
size on the temperature of water departure, we
have used a set of PES mesoporous membranes
with cut-off ranging between 1000-200,000 Da,
1 Da=1 g/mole). As seen in Fig. 3, the T},.x values
of the large endothermic peak decrease with the
cut-off. Although the RO membrane is made from
PA and not PES, this membrane exhibits the highest

temperature for water departure. As the PES mem-
branes are identical in nature, the shift of T,,,, to-
wards higher temperature could be clearly related
to their mean pore size.

4. Conclusion

Referring to authors [2a,6,14,15,17], three types
of water are present in polymer membranes. Our
DTA experiments cannot permit to clearly distin-
guish these three different types of water but only
two. For a composite membrane, water state is best
determined by separating membrane support and
active layer. Ours results show that strongly bound-
ed water, corresponding to the type 1 water, has a high
maximum temperature and the smaller the average
pore size, the higher the departure temperature
occurs. Types 2 and 3 water cannot be differentiated
and have a temperature departure around the boiling
point of free water.

Acknowledgements

We acknowledge the SAVIT (Service d’Analyse
du Vivant) Faculté Pharmacie, Parc Grandmont,
F-37200 Tours for the easy admittance to the DTA



M. Pontié, D. Lemordant/Journal of Membrane Science 141 (1998) 13—17 17

apparatus. Lot of thanks to M. De Witte (Dow
Denmark) for the NF70 membranes. We would
also like to acknowledge helpful comments from
referee 5.

References

[1] C. Toprak, J.N. Agar, D.M. Falk, State of water in cellulose
acetate membranes, J. Chem. Soc., Faraday Trans 1 75(4)
(1979) 803.

[2a] W.A.P. Luck, D. Schioberg, U. Sieman, Infrared investigation
of water structure in desalination membranes, J. Chem. Soc.,
Faraday Trans 2 76(2) (1980) 136.

[2b] W.A.P. Luck, The structure of aqueous systems and the

influence of electrolytes, in water in polymers, American

Chemical Society, 1980.

G. Peschel, K.H. Aldfinger, Viscosities anomalies in liquid

surfaces zones, J. Colloid Interface Sci. 34(4) (1970) 505.

M. Pontie, Phénomenes électrocinétiques et transferts ioni-

ques dans les membranes poreuses a faible seuil de coupure-

Application au traitement des eaux saumatres, These

Université de Tours (F-37000), 1996.

P.M. Wiggins, Ionic partition between surface and bulf water

in a silicagel, Biophys. J. 13 (1973) 385.

[6] PM. Wiggins, Prog. Polym. Sci. 13 (1988) 1.

[7] 1. Prigogine, J.J. Fripiat, L’eau dite anormale, thése nouvelle

sur sa genese et sa nature, Bull. Soc. Chim. Fr. 12 (1971)
4291.

3

—_

[4

=

[5

[t}

[8] O.Y. Samoilov, Zh. Fiz. Khim. 20 (1946) 1411.

[9] J.D. Bernal, R.H. Fowler, A theory of water and ionic solution
with particular reference hydrogen and hydroxyl ions, J. Phys.
Chem. 1 (1933) 515.

[10] AM. Schwartz, Capillary, theory and practice, Ind. Eng.
Chem. 61(11) (1969) 10.

[11] C.M. Davis, T.A. Litovitz, Two state theory of the structure of
water, J. Phys. Chem. 42 (1965) 2563.

[12] B.E. Conway, Ionic Hydration in chemistry and biophysics,
Elsevier, Amsterdam, 1981.

[13] Stevenson, Le probleme de 1’eau et du dessalement -
Encyclopaedie Universalis, C6, 1990.

[14] W.AP. Liick, Structure of water and aqueous systems
synthetic membrane processes, G. Belfort (Ed.), Academic
Press, New York, 1984, 21.

[15] R.A. Horne, Cation exclusion by interfacial structures, J.
Geophys. Res. 77(27) (1972) 5170.

[16] J”OM. Bockris, A.K.N. Reddy, Modern Electrochemistry 1-2,
Plenium, Rosetta (Eds.), 3rd ed., 1977.

[17] W. Drost-Hansen, Effects of vicinal water on colloidal
stability and sedimentation processes, J. colloid Interface
Sci. 58(2) (1977) 251.

[18] R. Defay, I. Prigogine, Surface tension and adsorption,
Longman, New York, 1966.

[19] C. Menjeaud, M. Pontie, M. Rumeau, Mecanisme de transfert
en osmose inverse, Entropie 29(179) (1993) 13.

[20] E.P. Cuperus et al., Critical points in the analysis of membrane
pore structures by thermoporometry, J. Membr. Sci. 66 (1992)
45.

[21] S. Sourirajan, Am. Chem. Soc. Symp. Ser. 1 53 (1981) 11.



