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TUBULAR INTERPOLYMER
ANION EXCHANGE MEMBRANES 2.
WEAK BASE ANION EXCHANGE MEMBRANES
AND THEIR TRANSPORT PROPERTIES

A series of tubular weak base anion exchange membranes with diethylamine groups has been
obtained from polyethylene/poly(styrene-co-divinylbenzene) ~systems [PE/poly(St-co-DVB)] con-
taining various amounts of DVB (from 1 to 6 wt.-% in the aromatic component of the polymeric
material). The membranes had similar ion exchange capacities (ca. 1.6 mmol/g), but differred in the
molar concentrations of ionic groups (from 4.5 to 7.6 mmol/cm?).

The transport properties of the membranes were characterized in the system: diluted
HNO,/membrane/concentrated NH,OH. The membranes have been found suitable for dialytic
removal of nitric acid from aqueous solutions. The best properties had the membrane obtained
from the system containing 3 wt.-% of DVB. For this membrane, the flux, transport rate constant,
and efficiency coefficient were 8.3 x 10~ ®mol/cm?s, 24.7x 10 %s~!, and 0.730, respectively.

1. INTRODUCTION

Low energy demand, for not being accompanied by any phase transitions, is the
main advantage of the separation process involving membranes. Therefore these
processes are competitive with the traditional methods of purification and separation.

The dialysis may serve as an example of membrane separation. The conventional
dialysis, according to GRAHAM [1], is the process of selective diffusion of low
molecular compounds through semipermeable membranes from a solution con-
taining coloids and polymers to water.

The Donnan dialysis [2] is a specific dialytic process in which ionic selectivity
and the Donnan potential [3] are utilized to induce an interdiffusion of counterions.

The difference between the two dialytic processes is shown schematically in fig. 1.
In the conventional dialysis, ions diffuse across the membrane to water. In the
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Fig. 1. Schematic diagram of conventional and Donnan dialyses

A . B~ — anions, K* — cation, Y — coloidal or polymeric material

Donnan dialysis, carried out using an anion exchange membrane, two counterions
A~ and B~ diffuse through the membrane in opposite directions until an equilibrium
is reached. The opposite fluxes of anions are coupled to ensure the electroneutrality
since the coions are excluded from the membrane phase due to the Donnan effect [3].

The Donnan dialysis can conveniently be used in the wastewater treatment. This
technique is essential both in purification of wastes and in recovery of valuable
solution components. It can be applied to deacidification of rinse waters from
nitrocellulose plants [4], separation and concentration of heavy metals from galvanic
baths [2], [5]-[7], etc.

Weak base anion exchange membranes [8]-[11], used as diaphragms in the
dialytic separation of acids, have some interesting properties. They reveal their ion
exchange properties only in a protonized form, ie., in solutions of pH < 7. The ion
exchange groups (usually amine) bound protons with the free electron pairs at
nitrogen atoms. The positively charged groups are then capable of linking electro-
statically acid anions:

—CH—CHZ— —CH—CHZ—
+ HY A” - @ (1)
CHZN(R)Z CHZNH(R)ZA-

where R is hydrogen or alkyl group and A~ denotes an acid anion. In a solution of
pH > 7, the groups deprotonize

—CH,NH(R),Cl~ + OH~ 2—CH,N(R), + H,0+Cl". 2)
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The contribution of weak base groups to an ion exchange process in
a neutral medium is negligibly small since the apparent equilibrium constant of the
reaction [12], [13]: ,

—CH,N(R), + H,0=—CH,N(R),H + OH " 3)

is, depending on R, of 107°-10"° order.

The weak base membranes were applied as dialytic diaphragms to the separation
of acids from the solutions used in hydrometallurgy [8], [14]. Such a process
proceeds effectively since:

1. The coions (cations) are excluded from the membrane phase by the Donnan
equilibrium [3]. ,

2. Hydrogen ions have much higher mobility than other cations [8].

3. Due to ion-pairing, a specific sorption of strong acids by weak base ionic
groups occurs [15], [16].

The ion exchange membranes obtained from interpenetrating polymer network
(IPN) systems [17], such as polyethylene/poly(styrene-co-divinylbenzene) system
[PE/poly(St-co-DVB)] [18] seem to be particularly predestined for the use in
diffusion separation processes because of their high selectivity, good electrochemical
properties and excellent mechanical and osmotic stability. The membranes of this
type can be formed into any shape; they can be used in the form of sheets or tubes.

An application of tubular ion exchange membranes instead of traditional
sheet-shaped ones has the following advantages:

1. The dynamics of diffusion and ion exchange processes is enhanced.

2. The effect of concentration polarization is diminished.

3. The size of equipment can be considerably reduced.

The aim of this work was to prepare weak base anion exchange membranes
obtained from PE/poly(St-co-DVB) systems and to apply them to removal of nitric
acid from aqueous solutions.

2. EXPERIMENTAL PROCEDURE

2.1. PREPARATION OF MEMBRANES

Tube-shaped samples of PE/poly(St-co-DVB) systems were obtained according
to the procedure described elsewhere [18]. The crosslinking degree of the IPN
system (weight percentage of DVB in the aromatic component of the polymer
material) was 1,3,4, or 6. The tubes were chloromethylated with methyl-chloromethyl
ether in the presence of SnCl, as catalyst [19] and aminated with diethylamine [9].
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2.2. METHODS

The equilibrium swelling degree of the membranes was determined in 0.0005 M
aqueous HCI solution [9] and the total jon exchange capacity was found according
to Hecker’s method [20]. The specific resistance of the membranes was measured in
02 M aqueous HCI solution in a cell similar to that described by GRYTE and GREGOR
[21]. The tensile strength and elongation at break of the membranes swollen in
0.0005 M aqueous HCl solution were measured with a tensile testing machine ZT-40.

The transport experiments were carried out in a laboratory dialyser at room
temperature. The measuring set is shown schematically in fig. 2. Diluted HNO, flew

A
L,
3
__\ 9
8 i\
Fig. 2. Schematic diagram of a diffusion measuring set
1 — ammonium hydroxide solution, 2 — pump, 3 — jacket, 4 — ion exchange tube, 5 — electrode, 6 — nitric acid solution, 7 —

conductometer. 8 — recorder. 9 — silicon tubes

inside the ion exchange tube (Smm outer diameter, 0.3 mm wall thickness, 0.5m
long). The active surface of the membranes was 75 cm?. Concentrated NH,OH was
fed to the jacket surrounding the ion exchange tube. The solutions circulated
concurrently with the same rate of 0.55 cm?/s.

Prior to each measurement the membranes were conditioned for 0.5 h in the same
measuring set and then fresh solutions were introduced to start a run. The
concentration changes of HNOj; solution were followed by recording the conducti-
vity of the solution.

The experiments were carried out for two different concentration ratios of
NH,OH:HNO,, namely 100:1 and 50:1. The concentration of NH,OH was
5 mol/dm?3. The volumes of diluted and concentrated solutions were measured before
and after each run.

The dialysis was characterized by:
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1. The efficiency coefficient EF
EF = (co—c)/co @

where ¢, and ¢, are initial and actual concentrations of nitric acid [g/dm?],
respectively, at time t.
2. The HNO, transport rate constant k [7]

F
k= F/VIln——- -1
Ming—ps 571 )
where F is the recirculation rate of acid solution in the tubular membrane [cm?/s], ¥,
and V; are the total volume of recirculated acid and the volume of acid in the ion
exchange tube, respectively, [cm*], and S is the slope of the linear plot In c,/c, vs.
time [s™!].

3. RESULTS AND DISCUSSION

The transport properties of ion exchange membranes depend primarily on their
structure. In this work, the structure of membranes was modified by changing the
crosslinking degree of the starting IPN systems.

The characteristics of resulting membranes are shown in tab. 1.

Table 1
Characteristics of weak base anion exchange membranes
s ecuanee WO i Sy e . .
capacity content . : Tensile Elongation
Sample* ion groups**  resistance
Z, P, : strength at break
A-a/b i oldr Ca in 0.2M HCI MP o
JiRcHE 1) B mmol/cm? Qxm a ¢
membrane membrane
A-30/1 1.62 0.363 445 6.4 9.7 94
A-30/3 1.60 0.315 5.06 73 10.1 82
A-30/4 1.62 0.274 5.90 8.5 10.3 33
A-30/6 1.61 0.212 7.58 11.0 10.6 14

*Designation: a — weight fraction of monomers in the initial mixture; b — content of DVB isomers in the monomer mixture.
** The molarity of the ion exchange groups was calculated as C,(Z/P,) ¢ w where ¢ w[g/cm?®] is density of water.

The effect of crosslinking degree upon the properties of the membranes can
clearly be seen. The membranes have good mechanical stability. The tensile strengths
are similar and the elongation at break reduces by the factor of 6 as the crosslinking
degree increases.

The specific resistance of the membranes also increases with crosslinking degree
by the factor of 2.
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The molar concentration of ionic groups in the membranes increases by nearly
50% as the DVB content changes from 1 to 6 wt.-%. This is related to the
equilibrium swelling of the membranes in water, since all the membranes have
similar ion exchange capacities and contain ionic groups of the same kind.

The transport properties were measured in the model system:

concentrated NH,OH/membrane/diluted HNO;.

The driving force of the NOj3 ion transport is the Donnan potential [3]. In this
system, hydroxy anions are transported to nitric acid where they react with hydrogen
cations to weakly dissociated water molecules. Hence, the NOj driving force
induced by the OH ™~ concentration potential becomes very large. On the ammonium
hydroxide side, ammonium nitrate is formed which can directly be used as fertilizer.
A selective transport of nitric acid proceeds via formation of ion pairs between the
weak base groups and acid molecules as shown in reaction (1). The hydrogen cations
are transported along with NOj3 anions since ammonium hydroxide, being weaker a
base than the membrane polybase, does not affect the fully protonized form of the
latter. The backward flow of NH,OH has been found insignificant with respect to
the effectiveness of the transport of acid. In a similar system where a strong base,
NaOH, was used instead of NH,OH, the effectiveness of deacidification reduced by
80%. This was because of the deprotonizing effect of NaOH, according to reaction (2).

The results of the dialysis are shown in tab. 2.

The plots Inc,/c, are shown in figs. 3 and 4. EF,_,, (the highest efficiency
coefficient and the time of reaching it) and ¢,,, were determined from plots EF vs.
time (figs. 5 and 6).

Table 2
Transport properties of weak base anion exchange membranes
. Molar. Acid transport Rificiency Tl.me .of Acid flux
Sample concentration rate constant ficient dialysis 105
A-a/b ratio 10%k COEF‘C‘C“ 1073, AR
NH,OH:HNO, s71 max s el 2
100:1 43 0.710 28.8 431
A-30/1
50:1 3.0 0.690 21.6 1.96
100:1 24.7 0.730 15.6 8.29
A-30/3
50:1 6.8 0.655 9.6 227
100:1 9.3 0.676 15.6 9.59
A-30/4
50:1 3.8 0.665 21.6 1.02
100:1 8.4 0.705 36.0 3.03
A-30/6
50:1 3:9) 0.715 432 0.98

*For designation see tab. 1.
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Fig. 3. Plots of In cy/c, vs. time for HNO, transport through weak base membranes
I — membrane A-30/3, 2 — membrane A-30/4, 3 — membrane A-30/6, 4 — membrane A-30/1
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Fig. 4. Plots of In cy/c, vs. time for HNO; transport through weak base membranes
I — membrane A-30/3, 2 — membrane A-30/4, 3 — membrane A-30/6, 4 — membrane A-30/1
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Fig. 5. Plots of efficiency coefficient vs. time for HNO, dialysis through weak base membranes
! — membrane A-30/3, 2 — membrane A-30/6, 3 — membrane A-30/1, 4 — membrane A-30/4
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Fig. 6. Plots of efficiency coefficient vs. time for HNO, dialysis through weak base membranes
1 — membrane A-30/3, 2 — membrane A-30/1, 3 — membrane A-30/4, 4 — membrane A-30/6
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No significant changes in volumes of the solutions were observed during
experiments.

As expected, the acid transport proceeds more effectively for the higher ratio of
solution concentrations, i.e., for the system:

SM NH,OH/membrane/0.05M HNO,.

The data shown in tab. 2 suggest that the transport properties of the membranes
depend on the crosslinking degree of the starting IPN systems. The membranes
containing more DVB have higher molar concentration of ionic groups and
therefore the Donnan potential, the driving force for NOj ions transport, becomes

smaller. '
By comparing the values of HNO, transport rate constant, efficiency coefficient,

and HNO, flux it becomes apparent that the membrane A-30/3 is the most effective
one for dialytic removal of nitric acid from dilute aqueous solutions.

The known poor resistance of PE to oxidation required testing whether or not
the properties of the membranes changed in the HNO, environment. To verify the
seriousness of the danger, the membrane A-30/3 was kept in 1M HNO, solution for
3, 6, and 9 weeks. The changes in some properties of the membrane are shown in fig.
7. It can be seen that the long contact of the membrane with HNO, solution does
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Fig. 7. Characteristics of membrane A-30/3 after exposure in 1 M HNO, solution

not seriously affect the properties of the membrane. The specific resistance and water
content increase not more than by 10%.

4. CONCLUSIONS

It is possible to remove nitric acid from dilute aqueous solutions in the Donnan
dialysis process by using the weak base anion exchange membranes obtained from
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polyethylene/poly(styrene-co-divinylbenzene) composites. The dialytic system ap-
plied to this study has the advantage of removing nitric acid from wastewaters and
its immediate utilization to form an ammonium salt — valuable fertilizer.

The best results can be obtained with the membrane containing 3 wt.-% of DVB
in the aromatic component of the polymeric material. This membrane is characte-
rized by a high selectivity, negligible osmotic flow of water and good resistance to
oxidation by diluted nitric acid. It is sufficiently elastic and mechanically stable to be
used in tubular dialytic modules where a high ratio of the active surface to the
volume of a device can be achieved.
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OTRZYMYWANIE TUBULARNYCH SEABO ZASADOWYCH MEMBRAN ANIONOWYCH
I ICH WEASCIWOSCI TRANSPORTOWE

Seri¢ tubularnych membran slabo zasadowych z grupami dietyloaminy uzyskano z ukladu polie-
tylen/poli(styren-co-diwinylobenzen), zawierajacego rézna ilos¢ DWB (od 1 do 6% wag. w sktadniku
aromatycznym uktadu polimerowego). Membrany te maja podobna pojemno$¢ wymienng (ok.
1,6 mmol/g), lecz rézne stgzenie molarne grup jonowych (od 4,5 do 7,6 mmol/cm?).

Whasciwosci transportowe tych membran okreslano w ukladzie: rozcienczony HNO,/membrana/st¢-
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zony NH,OH. Stwierdzono, ze membrany te sa przydatne do dialitycznego usuwania kwasu azotowego z
roztworéw wodnych. Najlepsze wlasciwoéci wykazuje membrana z uktadu zawierajacego 3% wag. DWB,
dla ktorej strumien kwasu wynosi 8,3 x 10™® mol/cm?s, stata szybkosci transportu kwasu 24,7 x 10~ *s~ 1,
a wspotczynnik efektywnosci 0,730.

NOJIVUEHUE TYBVYJISIPHBIX CJIABO OCHOBHBIX AHMOHHBIX MEMEPAH
" X TPAHCIIOPTHBIE CBOMCTBA

Ceppuro TyGyspHBIX CTaG0 OCHOBHBIX MEMOPAH C IPyIaMH AHETHIOAMUHA MOJIy4€HO U3 CHCTEMBI
TIOJTHAITHIIEH/TIOJTH(CTHPEH- 110~/ INBUHUIBEH30H), COIEPXKAIIIErO pa3Hoe kosimyectBo DWB (ot I' 1o 60 Bec.
B 4pOMATHYECKOM KOMIIOHEHTE IIOJMMEPHOW CHCTEMBI). DTH MeMOpaHbl O6JIAfAIOT MOXOXed 3a-
MEHHMOMN EMKOCTBIO (OK. 1,6 MMOII/T) HO pa3HO#t MOMNSpPHOI KOHIICHTpAlMEX HOHHBIX rpymn oT 4,5 no
7.6 Mmo:1/em?).

TpaHCIIOPTHEIE CBOHCTBA 3THX MeMODaH ONpeNesIeHBI B CHCTEME: pasbasnennas HNO ;/ mem6pa-
Ha/ KoHNEeHTpUpoBanHbii NH,O,. Jloka3aHo, 4TO 3TH MeMOpaHbI MOTYT NPUTOJUTBCS JIsl JHATTHTH-
YECKOTO  yCTPAHEHUS A30THOW KHUCIOTBI M3 BOJHBIX PacTBOPoB. Hawnywiume cBoiicTpa MPOSIBIISET
MemOpaHa u3 CHCTeMBI coxepxaineit 3% Bec. DWB, s KOTOPOH NMOTOK KHCIOTHI 8,3 X 10~ ®momn/cm3c,
TIOCTOAHHAs CKOPOCTH TpaHcmopTa KucnoThl 24,7 x 10™*c™" a kosddumment sdppekTuBHOCTH 0,730.

4 — EPE 1/87



