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resins and fragments thereof leak from an end of the frame, the purity of
the demineralized water will This invention relates to an apparatus for re-
decrease. As a further problem, the liquid to be moving ions from liquids
that is suitable for use in  treated cannot be permitted to flow at a very
high such applications as the production of pure water   5   rate because
the increase in the differential pres- in power plants (e.g. nuclear power
plants), semi-  sure is substantial. Some of the conventional elec-
conductor fabrication and the production of phar-  trically regenerable
demineralizing apparatus are maceuticals, as well as the demineralization
of con-  so adapted as to enable backwashing of contami- centrated liquids
in the process of food and chemi-  nated or compacted ion-exchange resin
layers but cals production.                              10  dispersing
both cation- and anion-exchange resins There are three basic methods for
removing      uniformly is more difficult than it first appears. The ions
from liquids, and they are reverse osmosis,   most crucial reason for
packing ion-exchange res- electrodialysis and ion exchange. It is generally
ins is to facilitate the transport of ions, and if the held that
demineralization of seawater and other   two types of ion-exchange resins
separate from liquids of high salt concentration can advanta-  15  each
other or if their presence is localized, the geously be achieved by
electrodialysis whereas     number of passageways available for ion
transport reverse osmosis is advantageous for demineraliza-  may decrease
to such an extent that it is no longer tion of liquids of lower salt
concentrations. For  possible to attain the desired purity. Another prob-
demineralization of liquids of still lower concentra-  lem with the
conventional apparatus concerns the tions, ion exchange is advantageous.
20   maintenance aspect and it is difficult to remove The conventional
method of electrodialysis      only the cell that is defective and which
hence uses the potential difference as a drive force for  must be replaced.
transporting ions, so it has had the disadvantage      Under these
circumstances, it has generally that the current efficiency decreases at
lower ion  been held that the electrically regenerable de- concentrations.
Hence, the liquid treated by elec-  25   mineralizing apparatus is only
adapted for limited trodialysis cannot be demineralized to a lower con-
applications where the capacity is small as on the centration than several
hundred ppm. To solve this  laboratory scale and there are no strict
require- problem, a method was proposed in which the        ments for the
final water quality. current efficiency was to be improved by packing
An object, therefore, of the present invention is an ion exchanger in the
demineralizing compart-  30  to provide an electrically regenerable
demineraliz- ment (USP 2,815,320 to Kollsman). This proposal    ing
apparatus that has solved the various problems was made more than 30 years
ago but it has not     associated with the packing of ion-exchange resins,
been commercialized since it has many problems     that maintains
consistent water quality for a pro- as exemplified by scale deposition on
membranes    longed period, that is capable of treating from small and
ion-exchange resins.                      35  to large volumes of water,
and that yet is easy to However, the  electrically  regenerable  de-
service and manage. mineralizing apparatus has recently gained a new
The present invention attains the above-stated look for various reasons
including the improvement  object by an electrically regenerable
demineralising in the performance of membranes, the advance-      apparatus
having ion exchangers packed in the ment of pretreatment methods, the
industrial de-  40  demineralizing compartment of an electrodialyzer mand
for demineralizing apparatus that do not re-  for removing ions from a
liquid, wherein the ion quire complicated equipment for regeneration and
exchangers comprise a graft polymer produced by the social demand for less
consumption of re-      radiation-initiated graft polymerization, wherein
the sources and energy. Under the circumstances, an    graft polymer has
graft side chains attached to the improved version of the early model of
electrically  45  backbone chain of a substrate and the graft chains
regenerable demineralizing apparatus has been      have ion-exchange
groups. proposed (USP 4,632,745 to Millipore Corporation)     According to
a preferred embodiment of the and is available on the market.
present invention the ion exchanger consists of The current model of
electrically regenerable   alternately arranged cation- and anion-exchange
demineralizing apparatus has a mixture of cation-  so  groups. and
anion-exchange resins packed in the de-           According to yet another
preferred embodi- mineralizing compartment. Ion-exchange resins are  ment
of the present invention the ion-exchangers spherical beads having a
diameter of 0.4 - 0.6 mm,  have amino acid groups as ion exchange groups.
so packing them uniformly in the space defined by    Fig. 1 is a diagram
showing a fabric in which two sheets of ion-exchange membrane and stack-
55    bundles of cation-exchange fibers are woven ing a plurality of such
cells to form a filter press  alternately with bundles of anion-exchange
fi- involves a process operation that is very cum-       bers; bersome and
requires utmost care. If ion-exchange 3    
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showing a nonwoven fabric       Another reason that makes
radiation-initiated that is composed of both cation- and anion-      graft
polymerization suitable for use in the present exchange fibers and that is
loaded in a de-      invention is that it provides fairly great latitude in
mineralizing compartment;                       selection of the substrate
shape, thereby permitting Fig. 3 is a diagram showing a shielding member
5   one skilled in the art to select a membrane, a fiber that has openings
for the passage of an electron  or any other shape of substrate that is
appropriate beam and that may be used in the practice of    for the
purposes of the present invention. the present invention; and
Selecting a substrate in fiber form has the Fig. 4 is a diagram showing an
ion exchanger    following advantages. Monofilaments, woven or that is
produced using the shielding member  10  nonwoven fabrics which are
assemblies of mon- shown in Fig. 3 and that comprises a mosaic
ofilaments, and fabricated articles thereof, that have arrangement of
cation- and anion-exchange       ion-exchange groups introduced by
radiation-ini- groups.                                         tiated graft
polymerization, can be readily loaded in The ionizing radiations to be used
in radiation-  the demineralizing compartment between ion-ex- initiated
graft polymerization include a-rays, [err]-rays,  15  change membranes,
after being optionally molded [err]-rays, electron beams and ultraviolet
rays. Al-   into a more appropriate shape. This provides great- though any
of these radiations can be used, [err]-rays  er ease in increasing the size
of equipment. If the and electron beams are particularly suitable for the
length of fibers is extremely short, their characteris- purposes of the
present invention.                 tic features are lost, making it
difficult to handle Although any organic high polymers can be   20  them in
the same manner as powders. Therefore, used in radiation-initiated graft
polymerization, par-  the fiber length is preferably longer than the dis-
ticularly suitable are polyolefins as typified by poly-  tance between
adjacent ion-exchange membranes. ethylene   and   polypropylene,
halogenated      The fibers usually have a circular cross section but
polyolefins as typified by PTFE and polyvinyl chlo-  fibers or fiber
assembles having a larger surface ride, and olefin-halogenated olefin
copolymers as   25  area such as those with a star-shaped cross sec-
typified   by   an   ethylene-tetrafluoroethylene  tion, a cruciform cross
section and hollow fibers copolymer. These organic high polymers are col-
may be selected as appropriate for a specific ob- lectively referred to as
"polyolefins".           ject in consideration of such factors as the
quality Radiations may be applied to the substrate      of raw water and
the increase of pressure loss. either by a simultaneous irradiation method
in  30    For ions to be transported through ion-ex- which a radiation of
interest is applied in the pres-  change resins to reach an adjacent
membrane, ence of both the substrate and a monomer to be     resins of
similar types must be located close to polymerized or by a pre-irradiation
method in      each other. If ion-exchange resins of dissimilar which the
substrate is first irradiated and then   types are used in admixture, they
can potentially contacted with a monomer to be polymerized. The   35
separate from each other during manufacture or pre-irradiation method is
more advantageous since  back washing. Even if they are mixed together in
it causes less production of a homopolymer of the  an ideal state, the
resins will contact each other monomer.
only at points, so in order for ions to be trans- Radiation-initiated graft
polymerization is gen-  ported, they must pass through many channels that
erally advantageous for use in the present inven-  40  are very narrow.
tion. As its name suggests, a graft polymer when       In ion-exchange
fibers produced by radiation- viewed microscopically has graft side chains
at-   initiated graft polymerization, ion channels are in- tached to the
backbone chain of the substrate by   sured as continuous entities that
extend from one covalent bonding. If functional groups are intro-  ion
exchange membrane to an adjacent one and duced in the polymer, a new
function can be im-  45  consistent water treatment can be achieved to pro-
parted while maintaining the physicochemical prop-  vide good quality.
Selection of fiber diameter and erties of the backbone chain in the
substrate. In  packing density depends on various factors such order to
retain the bead form and maintain the     as flow rate, pressure loss and
current efficiency physical strength, conventional ion-exchange resins  and
a suitable substrate may be selected or a have been produced using a
crosslinking agent  50  selected substrate may be further processed. Wov-
such as divinylbenzene to form a three-dimensional  en or nonwoven fabrics
which are fiber assembles network structure. Hence, ion-exchange groups in-
can also be used as spacers by loading them troduced in this structure have
small mobility. In  between membranes and this offers the advantage
polymers produced by radiation-initiated graft poly-  of facilitating the
operations of assembly, main- merization, graft chains  having
ion-exchange   55  tenance and inspection of equipment in the produc-
groups are not crosslinked, so they have high     tion process. mobility
and permit efficient movement of counter-    Besides fibers, reticular
materials such as nets ions.
or fabricated articles thereof and membranous ma- 4    
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articles thereof can also be  the two types of ion exchanger may be cut to
given used as substrates and they have the same advan-  lengths and mixed
together, but this does not help tages as those described above in
connection with  the ion-exchange fibers exhibit their characteristic
fibers. Other substrate materials that are advanta-  features. To solve
this problem, cation- and anion- geous for use in the present invention
include   5   exchange fibers may be interwoven into a fabric or porous
materials such as sponges and foams, as    a woven or non-woven fabric
which is an assembly well as fabricated articles thereof.              of
monofilaments need be further molded into a Ion exchangers produced by
radiation-initiated  more appropriate shape. Non-fibrous materials graft
polymerization may not be the sole ion ex-  such as reticular materials,
membranous materials changer that is employed in the electrically re-  10
and porous materials, as well as fabricated articles generable
demineralizing apparatus. If desired,   thereof can also be molded with
ease. Therefore, a such ion exchangers may be used in combination
substrate that complies with a specific object can with ion exchangers that
are not produced by radi-  be selected in consideration of various factors
such ation-initiated graft polymerization, such as conven-  as the quality
of water to be treated and the re- tional ion-exchange resins, and a proper
selection   15  quired quality of water, as well as the flow rate for can
be made in consideration of various factors  treatment and the pressure
loss. It is also possible including use and economy.
to select an appropriate method of fabricating sub- For practical purposes,
ion-exchange groups to  strate materials before loading them in the de- be
introduced in the substrate may be selected    mineralizing compartment.
from among common acidic and basic ion-ex-  20       Fig. 1 is a diagram
showing a fabric in which change groups, including cation-exchange groups
bundles of cation-exchange fibers are woven al- such as a sulfone group, a
carboxyl group and a   ternately with bundles of anion-exchange fibers.
phosphoric acid group, and anion-exchange groups  The fabric can be handled
as a sheet and this such as a strong basic quatemary ammonium
provides ease in maintenance and management group and a weak basic group
containing a lower  25  while, at the same time, it contributes to the in-
amine. A suitable ion-exchange group can be se-   crease in equipment size.
Shown by 1 in Fig. 1 is a lected in consideration of various factors such
as  bundle of cation-exchange fibers and 2 is a bundle the kind of liquid
to be treated and the required  of anion-exchange fibers. quality of water.
The ion-exchange groups listed     Fig. 2 is a diagram showing an exemplary
above may be introduced into the substrate either  30  electrically
regenerable demineralizing apparatus by grafting monomers having the
necessary ion-    that is loaded with an ion exchanger prepared by exchange
groups or by first grafting monomers that  using radiation-initiated graft
polymerization in ac- permit easy introduction of ion-exchange groups
cordance with the present invention. As shown, the and then introducing
those ion-exchange groups by  apparatus comprises a nonwoven fabric 3
formed a secondary reaction.                        35  of cation- and
anion-exchange fibers, an anion- Monomers having ion-exchange groups
consist   exchange membrane 4, a cation-exchange mem- of those having
cation-exchange groups and those  brane 5, a demineralizing compartment 6
in which having anion-exchange groups. Monomers having     the fabric 3 is
loaded, a concentrating compartment cation-exchange groups include but are
not limited  7, a spacer 8, gaskets 9, a clamping frame 10, and to acrylic
acid, methacrylic acid, crotonic acid,  40  a liquid supply frame 11. Shown
by 12 is a con- itaconic acid, sodium vinylsulfonate, sodium aryl-
centrated liquid, and 13 is a demineralized liquid, sulfonate, sodium
styrenesulfonate, 2-acrylamide-2-  14 is a liquid supply/drain hole, and 15
is a liquid methylpropanesulfonic acid and phosphorus-con-    supply/drain
groove. taining acrylic acid esters. Monomers having anion-  The
electrically regenerable demineralizing ap- exchange groups include but are
not limited to  45  paratus according to the preferred embodiment of
arylamines, quaternized chloromethylstyrene and   the present invention is
characterized in that a aminoalkyl esters of acrylic acid.
mosaic ion exchanger consisting of alternately ar- Monomers that permit
introduction of ion-ex-   ranged cation- and anion-exchange groups is
change groups include but are not limited to sty-  packed in the
demineralizing compartment of an rene, chloromethylstyrene, vinylpyridine,
glycidyl  50  electrodialyzer. acrylate, glycidyl methacrylate,
acrylonitrile and   It is not impossible for the prior art technology
acrolein.                                         to produce an ion
exchanger in which cation- and In order that the cation and anion
exchangers  anion-exchanger groups are alternately arranged in produced by
radiation-initiated graft polymerization  a mosaic pattern. However,
radiation-initated graft are loaded in the demineralizing compartment, the
55  polymerization is an optimum technique to employ ion-exchange groups
present must be dispersed     since it is capable of providing an ion
exchanger in uniformly and this requires further processing. In  the form
of a fiber or porous material which are the case of ion-exchange fibers,
monofilaments of  suitable for the purposes of the present invention. 5    
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also preferred in consideration of  in Fig. 4, the thus prepared ion
exchanger com- the problems that are encountered, either in a    prises a
mosaic pattern of cation-exchange groups technological aspect or from a
practical viewpoint,  17 and anion-exchange groups 18. Since the sub- in
alternately arranging cation- and anion-exchange  strate needs no secondary
processing, its inherent groups.                                       5
properties are wholly retained. As discussed below, the present invention
The electrically regenerable demineralizing ap- achieves further
optimization by making effective  paratus according to another preferred
embodiment use of another feature of radiation initiated graft  of the
present invention is characterized in that polymerization.
amino acid groups as ion exchange groups being Radiation-initiated graft
polymerisation has the  10  immobilized by the radiation-initiated graft
poly- advantage of providing fairly great latitude in selec-  merization
are provided in the demineralizing com- tion of substrate's shape. However,
if a cation ex-  partment of an electrodialyzer. changer and an anion
exchanger are separately        Amino acids are also known as aminocarbox-
prepared by radiation-indiated graft polymerization,  ylic acids and as
their name implies, amino acids they must be further fabricated before
loading in  15  contain both an amino group and a carboxylic the
demineralising compartment in order to meet   group and, hence, show an
amphoteric property, the requirement for a uniform dispersion of ion-
having an ion-exchange capacity for both cations exchange groups. Thus, it
has sometimes occurred  and anions. Therefore, if an immobilized amino that
monofilaments of ion-exchange fibers or non-  acid is used as a packing
material in the de- woven fabrics thereof must be cut to lengths for  20
mineralizing compartment of an electrically re- mixing or weaving in order
to disperse the two    generable demineralizing apparatus, the need for
types of ion-exchange groups.                     packing both a cation
exchanger and an anion A second feature of radiation-initiated graft
exchanger is eliminated. polymerization is that it permits the reaction
site to  Substrates having amino acids immobilized be controlled in a very
easy manner by various  25  thereon are most typically used as beads.
Although methods including the selection of a proper radi-  beads can be
used, the aforementioned problems ation source, shielding during
irradiation, and prop-  associated with the bead shape cannot be solved, er
contact with the polymerizable monomer to be   so it is preferred to use
amino acid immobilizing reacted. The ionizing radiations to be used in
radi-  substrates in a fibrous or reticular form. ation-initiated graft
polymerization include a-rays,  30  In monofilaments having amino acids
immo- [err]-rays, [err]-rays, electron beams and ultraviolet rays.  bilized
by radiation-initiated graft polymerization, Although any of these
radiations can be used, [err]-  ion channels are insured as continuous
entities that rays and electron beams are particularly suitable  extend
from one ion exchange membrane to an for the purposes of the present
invention.        adjacent one and consistent water treatment can The
mosaic ion exchanger in which cation- and   35  be achieved to provide good
quality. Selection of anion-exchange groups are arranged alternately
fiber diameter and packing density depends on may be produced using
electron beams by the       various factors such as flow rate, pressure
loss and following typical process. First, a shielding member  current
efficiency and a suitable substrate may be that is made of a material such
as lead that is   selected or a selected substrates may be further
impervious to electron beams and which has open-  4o  processed. Woven or
nonwoven fabrics which are ings 16 spaced at given intervals as shown in
Fig.  fiber assembles can also be used as spacers by 3 is placed on top of
the substrate and electron  loading them between membranes and this offers
beams are applied through that shielding member.  the advantage of
facilitating the operations of as- Then, a monomer having cation-exchange
groups     sembly, maintenance and inspection of equipment or a monomer
capable of being converted to ca-  45  in the production process.
tion-exchange groups is brought into contact with    An exemplary method
for immobilizing amino the substrate, optionally followed by a secondary
acids using radiation-initiated graft polymerization treatment, so as to
introduce the necessary cation-  comprises grafting a polymerizable monomer
con- exchange groups. Thereafter, the same shielding  taining epoxy groups
which are highly reactive with member is replaced in such a way as to Just
hide   50  amino groups and thereafter reacting said mon- the introduced
cation-exchange groups, and elec-  omer with an amino acid. Common examples
of the tron beams are applied. Subsequently, a monomer   polymerizable
monomer containing epoxy groups having anion-exchange groups or a monomer
ca-     include but are not limited to glycidyl acrylate and pable of being
converted to anion-exchange groups  glycidyl methacrylate. Besides the
polymerizable is brought into contact with the substrate, so that  ss
monomer containing epoxy groups, any poly- the necessary anion-exchange
groups are intro-    merizable monomers that permit introduction of duced
in the areas where cation-exchange groups   amino acids can also be used.
Amino acids are were not introduced in the previous step. As shown
classified as a neutral amino acid, a basic amino 6    
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amino acid depending upon the   them was used in the experiment. The net
used as relative proportions of two functional groups, an  a spacer between
membranes was cut off. Artificial amino group and a carboxyl group, and a
suitable  raw water prepared by dissolving NaCI in pure amino acid can be
selected in accordance with     water and adjusting its conductivity to ca.
10 [err]/cm various factors such as use. It is also possible to   5   was
supplied at a flow rate of 2 L/h,. The treated use polyamino acids.
water had an electric resistance of 13.9 M[err] * cm The present inventors
previously proposed a    at an applied voltage of 50 V. Thus, the equipment
method in which a cation exchanger and an anion   constructed in Example 1
performed satisfactorily exchanger produced separately by radiation-initi-
as an electrically regenerable demineralizing ap- ated graft polymerization
were loaded in the de-  10  paratus. mineralizing compartment. However,
this method required that both types of ion-exchange groups   Example 2
(cation and anion exchange groups) be dispersed uniformly and that the ion
exchangers be molded       The ion-exchange fibers prepared in example 1
into an appropriate form that would not cause un-  15  were processed as
shown in fig. 1, except that the due increase in pressure loss. According
to the   distance between adjacent fiber bundles was ex- present invention,
both types of ion-exchange     panded by a factor of 4. Placed between
adjacent groups are dispersed uniformly, so one only need  bundles of those
processed ion-exchange fibers to select a suitable substrate in
consideration of  were 10 mol (by wet volume) each of two conven- several
factors including the quality of water to be   20  tional ion-exchange
resins, i.e., a strong acidic ca- treated and the required quality of
product water,  tion-exchange resin (trade name: Dia-ion SKIB) and as well
as the flow rate for treatment and the    a strong basic anion-exchange
resin (trade name: pressure loss, and the need for molding the ion
Dia-ion SA10A). A fabric thus prepared was packed exchanger into an
appropriate form is eliminated.  in the demineralizing compartment of an
experi- The following examples are provided for the   25   mental
electrodialyzing vessel as in Example 1. purpose of further illustrating
the present invention  The other conditions of experiment were the same but
are in no way to be taken as limiting.        as in Example 1. Compared to
Example 1, the apparatus of Example 2 produced a high resistance Example 1
to water passage but the quality of the treated 30  water was almost the
same (14.3 MD [err] cm in Bundles of polypropylene fiber having a diam-
electric resistance) and its purity was very high. eter of 30 [err] were
showered with 200 kGy of       Thus, the equipment constructed in Example 2
also electron beams from an accelerator (acceleration  performed
satisfactorily as an electrically regenera- voltage 2 MeV; beam current, 1
mA) in a nitrogen  ble demineralizing apparatus. atmosphere. The irradiated
fiber bundles were im-  35 mersed in a solution of acrylic acid and
subjected  Example 3 to reaction at 40 [err] C for 8 h to achieve a graft
efficiency of 52%. The thus obtained fibers were      A nonwoven fabric
having an areal density of weak acidic cation-exchange fibers having an
ion-  ca. 50 g/m2 that was formed of composite fibers exchange capacity of
4.8 meq/g. In a separate  40  (30 [err]) having a polypropylene core and a
poly- step, the same polypropylene fiber bundles were   ethylene sheath was
showered with 200 kGy of showered with accelerated electron beams in the
electron beams from an accelerator (acceleration manner just described
above, immersed in a solu-  voltage, 2 MeV; beam current, 1 mA) in a
nitrogen tion of chloromethylstyrene and subjected to reac-  atmosphere.
The irradiated fabric was immersed in tion at 50 C for 8 hours to achieve a
graft effi-  45  a styrene solution that was preliminarily freed of ciency
of 136%. The thus obtained fibers were      polymerization inhibitor and
subjected to reaction immersed  in  a  10%  aqueous  solution  of       as
50 C for 8 hours to achieve a graft efficiency of dimethylamine and
subjected to reaction at 50 [err]C  104%. The thus treated nonwoven fabric
was sul- for 2 h, yielding weak basic anion-exchange fibers  fonated by
immersion in a solution of 10% having an ion-exchange capacity of 2.6
meq/g. The   50  chlorosulfonic acid in 1,2-dichloroethane, thereby two
types of ion-exchange fibers were processed    producing a nonwoven fabric
of strong acidic ca- as shown in fig. 1 and the fabric thus prepared was
tion-exchange fibers having a neutral salt decom- loaded in the
demineralizing compartment of an    posing capacity of 2.3 meq/g. In a
separate step, experimental electrodialyzing  vessel. The de-    the same
nonwoven fabric was showered with ac- mineralizing compartment of the
dialyzing vessel  55  celerated electron beams in the manner just de-
measured 10 cm x 18 cm, with an inter-membrane    scribed  above, immersed
in  a  solution  of distance of 0.75 mm. The demineralizing compart-
chloromethylstyrene and subjected to reaction at ment was composed of 10
cells and only one of     50[err] C for 8 hours to achieve a graft
efficiency of 7    
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treated nonwoven fabric was im-    rate of 5 L/h. The treated water had an
electric mersed  in  a  10%   aqueous  solution  of        resistance of
10.2 M[err] * cm at an applied voltage trimethylamine and subjected to
reaction at 50[err]C  of 50 V. for 2 hours, yielding a nonwoven fabric of
strong basic anion-exchange fibers having a neutral salt   5   Comparative
Example 1 decomposing capacity of 2.6 meq/g. The first men- tioned nonwoven
fabric had a cation-exchange ca-     The spacer net originally fitted in
the de- pacity of 250 meq/[err]2 and the second-mentioned     mineralizing
compartment of the experimental elec- nonwoven fabric had an anion-exchange
capacity    trodialyzing vessel used in Example 1 was used of 140
meq/[err].                               10  unaltered to treat raw water
that was prepared by An electrodialyzing  vessel having a de-
dissolving NaCI in pure water and adjusting its mineralizing compartment
with inside dimensions   conductivity to ca. 10 [err]/cm. The flow rate of
the of 24 cm x 48 cm and an inter-membrane distance  raw water was 5 L/h.
The treated water had a of 3 mm was packed with the two types of non-
conductivity of 1.3 M[err] * cm at an applied voltage woven fabrics that
were cut to a smaller size of 24   is  of 50 V and a conductivity of 1.7
M[err] * cm at an cm x 12 cm and that were arranged, in order from  applied
voltage of 100 V. When the flow rate was the water feed end, to provide a
block of strong  changed to 2 L/h, the conductivity of the treated basic
anion-exchange fabrics, a block of strong   water was 1.5 M[err] * cm at an
applied voltage of 50 acidic cation-exchange fabrics, a block of strong  V
and 2.0 M[err] * cm at an applied voltage of 100 V. basic anion-exchange
fabrics and a block of strong   20 acidic cation-exchange fabrics, each
block consist-  Comparative Example 2 ing of 6 sheets of fabric. Artificial
raw water pre- pared by dissolving NaCI in pure water and adjust-   The
spacer net originally fitted in the de- ing its conductivity to ca. 10
[err]/cm was supplied at  mineralizing compartment of the experimental
elec- a flow rate of 20 L/h. The treated water had an   25  trodialyzing
vessel used in Example I was mixed electric resistance of 14.8 MD * cm at
an applied  with 5 ml (by wet volume) of each of a strong voltage of 30 V.
acidic cation-exchange resin ("Dia-ion SKIB") and a strong basic
anion-exchange resin ("Dia-ion Example 4
SA10A") in such a way that they were distributed 30  evenly. An experiment
of water treatment was con- A polypropylene net of substantially the same
ducted under the same conditions as in Example 1. shape as the spacer net
of the experimental elec-  For the first 15 min of water feed, the treated
water trodialyzing vessel (Model CS-0 of Asahi Glass Co.,  had an electric
conductivity of 12 M[err]* cm but, Ltd.) used in Example 1 was irradiated
with 200   thereafter, the conductivity dropped to less than 10 kGy of
[err]-rays in a nitrogen atmosphere, immersed   35   M[ * cm and fluctuated
between 2.5 and 7 M[err] - in a solution of acrylic acid and subjected to
reac-  cm. tion at 45[err] C for 6 hours to attain a graft efficiency  The
spacer is placed between a cation- and an of 49%. The thus obtained fibers
comprised a      anion-exchange membrane in order to help water weak acidic
cation-exchange net having an ion-    to be dispersed effectively and to
insure that the exchange capacity of 4.3 meq/g. In a separate  40  two
membranes will not contact each other. As one step, the same polypropylene
net was irradiated   can see from the results of Examples 1 - 4 and with
[err]rays under the same conditions as de-      Comparative Examples 1 and
2, water can be treat- scribed  above, immersed  in  a solution  of      ed
to high purity in a very simple way in accor- chloromethylstyrene and
subjected to reaction at  dance with the present invention by using a
spacer 50 [err] C for 8 hours to achieve a graft efficiency of  45  formed
of ion-exchange fibers produced by radi- 78%. The net was then immersed in
a 10% aque-     ation-initiated graft polymerization or introducing ous
solution of trimethylamine and subjected to  ion-exchange groups through
radiation-initiated reaction at 50 [err] C for 2 hours to yield a strong
basic  graft polymerization into the net per se that is used anion-exchange
net having an ion-exchange capac-  as the spacer (see Example 4). ity of
1.9 meq/g. Two sheets of each type of net  50  The use of conventional
ion-exchange resins were packed in the demineralizing compartment of  has
also involved several problems as typified by an experimental
electrodialyzing vessel (Model CS-  the leakage of resins and the
difficulty in achieving 0 of Asahi Glass Co., Ltd.) as they were arranged
a uniform dispersion. In this respect, the present in order from the water
feed end, to provide a    invention has the advantage of not only
facilitating block of anion-exchange nets and a block of cation-  55  the
production of equipment but also insuring con- exchange nets. Artificial
raw water prepared by   sistent and effective treatment of water for a pro-
dissolving NaCI in pure water and adjusting its  longed time. conductivity
to ca.10 [err]/cm was supplied at a flow 8    
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Example 7 A nonwoven fabric composed of polypropylene      A nonwoven
fabric composed of polypropylene fibers (30 [err]) to an areal density of
100 g/[err] was  fibers (30 [err]) to an areal density of 50 g/[err] was
covered with a shielding member in the form of a   5   showered with 200
kGy of electron beams from an stainless steel sheet that had spaced
openings as  accelerator (acceleration voltage, 2 MeV; beam cur- shown in
Fig. 3. The fabric was showered with 200  rent, 1 mA) in a nitrogen
atmosphere. Thereafter, kGy of electron beams from an accelerator (accel-
the fabric was brought into contact with the vapor eration voltage, 2 MeV;
beam current, 1 mA) in a  of glycidyl methacrylate at 50[err]C for 8 hours
to nitrogen atmosphere, immersed in a solution of  l0  effect vapor-phase
graft polymerization (graft effi- acrylic acid and subjected to reaction at
40 [err] C for 8  ciency, 150%). In the next place, the so treated hours.
Then, the same shielding member was re-   nonwoven fabric was immersed in a
solution com- placed over the nonwoven fabric in such a way that  posed of
glycine (20 g), isopropyl alcohol (40 g), it would just high those areas
where acrylic acid  sodium hydroxide (9 g) and water (150 ml) and was
grafted, and the fabric was showered with  15  subjected to reaction at
80[err]C for 4 hours. The accelerated electron beams under the same con-
obtained fabric had glycine immobilized in an ditions as described above.
Thereafter, the fabric  amount of 1.9 mmol per gram of the reaction was
immersed in a solution of chloromethylstyrene  product. This nonwoven
fabric was loaded in the and subjected to reaction at 50[err]C for 7 hours,
demineralizing compartment of an experimental followed by immersion in a
10% aqueous solution   20  electrodialyzing vessel of the same type as used
in of dimethylamine at 50[err]C for 1 h to accomplish   Example 1 and raw
water was supplied under the the aminiation of chloromethylstyrene. The
thus  same conditions as in Example 1. The treated treated nonwoven fabric
had a cation-exchange ca-  water had an electric resistance of 11.5 M[err]
* cm pacity of 240 meq/[err] and an anion-exchange ca-   at an applied
voltage of 100 V. Thus the equipment pacity of 130 meq/[err].
25  constructed in Example 7 performed satisfactorily This nonwoven fabric
was packed in the de-    as an electrically regenerable demineralizing ap-
mineralizing compartment of an experimental elec-  paratus. trodialyzing
vessel and raw water was supplied under the same conditions as in Example
1. The   Example 8 treated water had an electric resistance of 12.8 M[err]
30 [err] cm at an applied voltage of 100 V. Thus, the      A sheet of
polyethylene sponge (thickness: 3 equipment constructed in Example 5
performed     mm) was subjected to graft polymerization with satisfactorily
as an electrically regenerable de-  glycidyl methacrylate under the same
conditions as mineralizing apparatus.                          in Example
7, yielding a graft efficiency of 124%. 35 The thus treated sheet was
immersed in a solution Example 6
composed of phenylalanine (10 g), isopropyl al- cohol (50 g), sodium
hydroxide (9 g) and water A nonwoven fabric of the same type as used in
(159 ml) and subjected to reaction at 80 [err] C for 9 Example 5 was
showered with accelerated electron  hours. The obtained sheet had
phenylalanine im- beams and subjected to graft polymerization under  40
mobilized in an amount of 1.3 mmol per gram of the same conditions as in
Example 5, except that  the reaction product. This sheet was loaded in the
trimethylamine was used in the amination step to  demineralizing
compartment of an experimental achieve conversion to a quaternary ammonium
salt.  electrodialyzing vessel of the same type as used in The thus treated
nonwoven fabric had a weak acid-  Example 1 and raw water was supplied
under the ic and a strong basic ion-exchange group intro-  45  same
conditions as in Example 1. The treated duced in a mosaic pattern; it had a
cation-ex-   water had an electric resistance of 12.1 M[err] * cm change
capacity of 240 meq/[err] and an anion-      at an applied voltage of 100
V. exchange capacity of 115 meq/[err].                    The conventional
electrically regenerable de- This nonwoven fabric was loaded in the de-
mineralizing apparatus has beads of ion-exchange mineralizing compartment
of an experimental elec-  50  resins packed in the demineralizing
compartment, trodialyzing vessel and raw water was fed in under  so it has
suffered from disadvantages in many the same conditions as in Example 1.
The treated  aspects such as maintenance and management, water had an
electric resistance of 14.9 M[err] * cm  the use of large equipment and the
consistency of at an applied voltage of 100 V.                  water
treatment. In contrast, the apparatus of the 55 present invention
eliminates the need for packing a cation and an anion exchanger as separate
entities and water of high purity can be obtained by treat- ment with a
single type of nonwoven fabric which 9    15                EP 0 503 651 B1
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carries both cation- and anion-exchange groups..      from among a
quaternary ammonium, a tertiary Accordingly, not only is it possible, to
construct     amine, a secondary amine and a primary demineralizing
equipment of a simple design but        amine. its size can be easily
increased, thereby eliminat- ing many of the problems of the prior art.
5   5. An apparatus according to claims 1, 2, 3 or 4, The improved
electrically regenerable de-         wherein said ion-exchangers consist of
alter- mineralizing apparatus uses ion exchangers that        nately
arranged cation- and anion-exchange are produced by.radiation-initiated
graft polymer-     groups. ization and that are packed in the
demineralizing compartment of an electrodialyzer. The apparatus  10  6. An
apparatus according to claims 1, 2 or 3, may use a mosaic ion exchanger
that consists of        wherein said ion-exchangers produced by radi-
alternately arranged cation- and anion-exchange        ation-initiated
graft polymerization have amino groups. Alternately, the apparatus may have
an         acid groups as ion exchange groups. immobilized amino acid
packed in the demineraliz- ing compartment of an electrodialyzer. The
appara-  15  PatentansprUche tus maintains consistent water quality for a
pro- '  longed time, is capable of treating from small to   1. Elektrisch
regenerierbare Entmineralisierungs- large volumes of water and yet is easy
to service      vorrichtung mit lonenaustauschern, die in die and manage.
Entmineralisierungskammer eines Elektrodialy- 20      segerAts zur
Enffernung von lonen aus einer Claims
Flssigkeit eingeflllt sind, dadurch gekenn- zeichnet, daB die erwlhnten
lonenaustauscher 1. An electrically regenerable demineralizing ap-      ein
Pfropfpolymer umfassen, das durch strah- paratus having ion-exchangers
packed in the        leninitilerte  Pfropfpolymerisation  hergestellt
demineralizing  compartment of an  elec-  25       wird, wobei das
erwahnte  Pfropfpolymer trodialyzer for removing ions from a liquid,
Pfropfseitenketten hat, die an die Hauptkette characterized in that said
ion exchangers com-     eines Substrats gebunden sind, und die er- prise a
graft polymer produced by radiation-       wahnten Pfropfketten
lonenaustauschgruppen initiated graft polymerization, wherein said graft
haben. polymer has graft side chains attached to the   30 backbone chain of
a substrate and said graft    2. Vorrichtung nach Anspruch 1, bei der die
er- chains have ion-exchange groups.                   wahnten
lonenaustauscher, die durch strahlen- initiierte Pfropfpolymerisation
hergestellt wer- 2. An apparatus according to claim 1, wherein
den, in Kombination mit lonenaustauschern 3      said ion-exchangers
produced by radiation-ini-  35  verwendet werden, die nicht durch
strahleniniti- tiated graft polymerization are used in com-       ierte
Pfropfpolymerisation hergestelit werden. bination with ion-exhangers which
are not pro- duced by radiation-initiated graft polymeriza-  3. Vorrichtung
nach Anspruch 1 oder 2, bei der tion.
das Substrat, das bei der erwahnten strahlenin- 40      itlierten
Pfropfpolymerisation verwendet wird, 3. 'An apparatus according to claim  1
or 2,           aus Monofilamenten, einem Gewebe und ei- wherein the
substrate used in said radiation-      nem Faserviies, die Ansammiungen von
Mono- initiated graft polymerization is selected from    filarnienten sind,
daraus gefertigten Erzeugnis- among monofilaments, a woven and a non-
sen, einem  netzartigen Material und daraus woven fabric which are
assemblies of mon-  45      gefertigten Erzeugnissen, einem membranarti-
ofilaments, fabricated articles thereof, a reticu-  gen Material und daraus
gefertigten Erzeugnis- lar material and fabricated articles thereof, a
sen sowie einem por6sen Material und daraus membranous material and
fabricated articles        gefertigten Erzeugnissen ausgewghit ist.
thereof, as well as a porous material and fab- ricated products thereof.
so  4. Vorrichtung nach Anspruch 1, 2 oder 3, bei der die erwahnten
lonenaustauscher, die durch 4. An apparatus according to claim 1, 2 or 3,
strahleninitiierte  Pfropfpolymerisation  herge- wherein said ion
exchangers produced by radi-      stellt werden, derartige
lonenaustauschgruppen ation-initiated graft polymerization have such
haben, daB eine Kationenaustauschgruppe aus ion-exchange groups that a
cation-exchange   55    einer Sulfonsauregruppe, einer Phosphorsaure- group
is selected from among a sulfone group,      gruppe und einer
Carboxylgruppe ausgewahft a phosphoric acid group and a carboxyl group
ist, w~hrend eine Anionenaustauschgruppe aus whereas an anion-exchange
group is selected        einem quartiren Ammonium, einem tertiaren 10    15
EP0503651 B1                       16 



carries both cation- and anion-exchange groups.       from among a
quaternary ammonium, a tertiary Accordingly, not only is it possible to
construct      amine, a secondary amine and a primary demineralizing
equipment of a simple design but        amine. its size can be easily
increased, thereby eliminat- ing many of the problems of the prior art.
5   5. An apparatus according to claims 1, 2, 3 or 4, The improved
electrically regenerable de-          wherein said ion-exchangers consist
of alter- mineralizing apparatus uses ion exchangers that        nately
arranged cation- and anion-exchange are produced by radiation-initiated
graft polymer-     groups. ization and that are packed in the
demineralizing compartment of an electrodialyzer. The apparatus   10  6. An
apparatus according to claims 1, 2 or 3, may use a mosaic ion exchanger
that consists of        wherein said ion-exchangers produced by radi-
alternately arranged cation- and anion-exchange        ation-initiated
graft polymerization have amino groups. Alternately, the apparatus may have
an         acid groups as ion exchange groups. immobilized amino acid
packed in the demineraliz- ing compartment of an electrodialyzer. The
appara-  15   PatentansprUche tus maintains consistent water quality for a
pro- longed time, is capable of treating from small to  1. Elektrisch
regenerierbare Entmineralisierungs- large volumes of water and yet is easy
to service      vorrichtung mit lonenaustauschern, die in die and manage.
Entmineralisierungskammer eines Elektrodialy- 20      segerats zur
Entfernung von lonen aus einer Claims
Flfssigkeit eingefUllt sind, dadurch gekenn- zeichnet, daB die erwAhnten
lonenaustauscher 1. An electrically regenerable demineralizing ap-      ein
Pfropfpolymer umfassen, das durch strah- paratus having ion-exchangers
packed in the        leninitiierte  Pfropfpolymerisation  hergestellt
demineralizing  compartment of an  elec-  25       wird, wobei das erwihnte
Pfropfpolymer trodialyzer for removing ions from a liquid,
Pfropfseitenketten hat, die an die Hauptkette characterized in that said
ion exchangers com-     eines Substrats gebunden sind, und die er- prise a
graft polymer produced by radiation-       wahnten Pfropfketten
lonenaustauschgruppen initiated graft polymerization, wherein said graft
haben. polymer has graft side chains attached to the   30 backbone chain of
a substrate and said graft   2. Vorrichtung nach Anspruch 1, bei der die
er- chains have ion-exchange groups.                   wahnten
lonenaustauscher, die durch strahlen- initiierte Pfropfpolymerisation
hergestellt wer- 2. An apparatus according to claim 1, wherein
den, in Kombination mit lonenaustauschem said ion-exchangers produced by
radiation-ini-  35  verwendet werden, die nicht durch strahleniniti- tiated
graft polymerization are used in com-       ierte Pfropfpolymerisation
hergestellt werden. bination with ion-exhangers which are not pro- duced by
iadiation-initiated graft polymeriza-  3. Vorrichtung nach Anspruch 1 oder
2, bei der tion.                                              das Substrat,
das bei der erw~hnten strahlenin- 40      itiierten Pfropfpolymerisation
verwendet wird, 3. An apparatus according to claim  1 or 2,            aus
Monofilamenten, einem Gewebe und ei- wherein the substrate used in said
radiation-      nem Faserviies, die Ansammiungen von Mono- initiated graft
polymerization is selected from    filamenten sind, daraus gefertigten
Erzeugnis- among monofilaments, a woven and a non-            sen, einem
netzartigen Material und daraus woven fabric which are assemblies of mon-
45      gefertigten Erzeugnissen, einem membranarti- ofilaments, fabricated
articles thereof, a reticu-  gen Material und daraus gefertigten Erzeugnis-
lar material and fabricated articles thereof, a    sen sowie einem por6sen
Material und daraus membranous material and fabricated articles
gefertigten Erzeugnissen ausgewahlt ist. thereof, as well as a porous
material and fab- ricated products thereof.                 5o  4.
Vorrichtung nach Anspruch 1, 2 oder 3, bei der die erwlhnten
lonenaustauscher, die durch 4. An apparatus according to claim 1, 2 or 3.
strahleninitiierte  Pfropfpolymerisation  herge- wherein said ion
exchangers produced by radi-      stellt werden, derartige
lonenaustauschgruppen ation-initiated graft polymerization have such
haben, daB eine Kationenaustauschgruppe aus ion-exchange groups that a
cation-exchange  5s     einer Sulfonsauregruppe, einer Phosphorsiure- group
is selected from among a sulfone group,      gruppe und einer
Carboxylgruppe ausgew~hlt a phosphoric acid group and a carboxyl group
ist, wahrend eine Anionenaustauschgruppe aus whereas an anion-exchange
group is selected        einem quartaren Ammonium, einem tertuiaren 10
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Amin, einem sekundaren Amin und einem pri-         choisi parmi un ammonium
quatemaire, une maren Amin ausgewdilt ist.                         amine
tertlaire, une amine secondaire, et une amine primaire. 5. Vorrichtung nach
Anspruch 1, 2, 3 oder 4, be! der die erwihnten lonenaustauscher aus ab-   s
5. Appareil sel on l'une des revendications 1, 2, 3 wechselnd angeordneten
Kationen- und Anio-         ou 4, dans loquel ces echangeurs d'ions
nonaustauschgruppen bestehen.                      consistent en des
groupes d'echange de ca- tions et des groupes d'echange d'anions dis- 6.
Vorrichtung nach Anspruch 1, 2 odor 3, bei der      posas en alternance.
die erwahnten lonenaustauscher, die durch   10 strahleninitiierte
Pfropfpolymerisation  herge-  &  Appareil selon I'une des revendications 1,
2 ou stellt werden, als lonenaustauschgruppen Ami-      3, dans lequel ces
dchangeurs d'ions produits nosauregruppen haben.
par polymerisation par greffage declenchde par irradiation ont des groupes
d'acides ami- Revendlcatlons                                15      nrs en
tant que groupes d'echange d'ions. 1. Appareil de demineralisation
regenerable ieoc- triquement, ayant des dchangeurs d'ions pla- ces dans le
compartiment de ddmindralisation d'un electrodialyseur pour extraire des
ions  20 d'un liquide, caracterise on ce quo ces echan- geurs d'ions
comprennent un polymbre greffd produit par polymdrisation par greffage
ddclen- cheo par irradiation, dans lequel ce polymere greffd a des chalnes
laterales grefides atta-  25 chees sur la chatne squelette d'un substrat et
dans loquel ces chatnes greffeos ont des grou- pes d'echange d'ions. 2.
Appareil selon la revendication 1, dans lequel  30 ces echangeurs d'ions
produits par polymdri- sation par greffage ddclencheo par irradiation sont
utiliass on combinaison avec des dchan- geurs d'ions qui no sont pas
produits par poly- merisation par greffage declenchee par irradia-  35
tion. 3. Appareil selon la revendication 1 ou la revendi- cation 2, dans
loquel le substrat utilied dans cette polymerisation par greffage
declenchee  40 par irradiation est choisi parmi des monofila- ments, un
tissu tisse ou un tissu non Usse qui sont des ensembles de monofilaments,
des articles fabriques on ces tissus, un matdriau reticulaire et des
articles fabriquds en ce mate-  4s riau, un materiau membraneux et des
articles fabriques on ce matdriau, ainsi qu'un matdriau poreux at des
produits fabriques en ce mate- riau. 50 4. Appareil selon l'une des
revendications 1, 2 ou 3, dans loquel ces echangeurs d'ions produits par
polymerisation par greffage ddclenchde par irradiation ont des groupes
d'echange d'ions tols qu'un groupe d'dchange de cations   5S est choisi
parmi un groupo sulfone, un groupo acide phosphorique et un groupe
carboxyle, tandis qu'un groupe d'dchange d'anions est 11
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