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Abstract : The polyethylene (PE) hollow fiber membrane was modified by radiation-induced grafting
of acrylonitrile (AN) and subsequent amidoximation of cyano groups of poly(AN) graft chains to
introduce amidoxime group (AQ) on the graft chains. The PE hollow fiber membranes were also
modified by radiation-induced grafting of glycidyl methacrylate (GMA) and subsequent
iminodiacetation and amination of epoxy group of poly{GMA} graft chains, respectively, to introduce
iminodiacetic acid (IDA) and diethylene triamine (DETA} on the graft chains. The adsorption
characteristics of UQZ and Cu®™ on the modified PE mermbranes were examined by permeation
experiments through the modified PE membranes. The adsorbed amount of UQ;" on the modified PE
membrane with the AQ group increased by increasing the content of AOQ group. The adsorbed amount
of Cu® an the modified PE membrane with the AC group was small, whereas the adsorbed amount of
Cu®* on the modified PE membrane with the TDA and DETA groups was higher than that of UO:". The
adsorption of UQ:" on the PE membrane with the AO, IDA and DETA group was in the following
order: AQ group>IDA group>DETA group, while the adsorption of Cu* on the modified PE

membrane was in the following order: IDA group > DETA group > AO group.

Introduction

Grafting is known to be a useful method for
the functionalization of polymeric substrates. This
technique is classified into two: {1) the monomer
with a functional group is directly grafted onto
the polymeric substrate and (2} the monomer
with a reactive group is first grafted and then the
reactive group is converted to functional group.
The latter method is wvery useful since it can
introduce wide varieties of functional groups into
polymer substrates.”” The graft polymerization of
GMA onto polymer substrate is advantageous
because the epoxy group of GMA is easily
modified to have functions such as ion exchange
and chelating, with the original properties remain-
ing intact.

In our previous studies® the chelating hollow
fiber membrane was prepared by radiation-

* g-mail: yenho@nanum kaeri.re.kr

38

induced grafting of GMA onto a polyethylene
hollow fiber membrane and its amination with
ethylenediamine, triethylamine, IDA, DETA, and
etc. The chelating polyethylene membrane
modified with DETA had the highest adsorption
capacity when Pb* and Pd* solution was
permeated across the membrane modified with
various amines. On the other hand, the adsorp-
tion characteristics of Co® by the chelating
membranes were examined when the solution of
Co? in the presence of Na'* and Ca* was per-
meated across the chelating membrane modified
with IDA group.’ The chelating membrane was
found to have the high selectivity for Co* even
through there was a high concentration of Na'
and Ca® in the inlet solution.

The polyethylene (PE) membrane was also
prepared by radiation-induced grafting of
acrylonitrile (AN) onto PE hollow fiber and by
subsequent amidoximation of cyano groups of
poly(AN} graft chains.® The adsorption charac-
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teristics for the chelating hollow fiber membrane
was examined when the solution of UQZ" was
permeated across the chelating hollow fiber
membrane. The adsorption of UQZ" by the
chelating hollow fiber membranes increased with
the increase in amidoxime group content. The
adsorption characteristics of UOZ" by PE mem-
brane containing amidoxime group in the presence
of Na" and Ca” showed a high selectivity for
UOZ* even through there was a high concentra-
tion of Na'” and Ca? in the inlet solution.

In this study, three types of chelating mem-
branes were prepared by radiation-induced
grafting of AN onto PE hollow fiber, by
subsequent amidoximation of cyano groups of
poly(AN) graft chains, and by . radiation-induced
grafting of GMA, and its iminodiacetation and
amination, respectively. When UO#" and Cu®
were permeated across PE hollow fiber mem-
brane modified with amidoxime (AQ), imino-
diacetic acid (IDA} and diethylene triamine
(DETA) group, the adsorption characteristics of
the three types of chelating membranes for UOZ
and Cu® were examined.

Experimental

Materials, A commercially available micro-
filtration hollow fiber (Ashahi Chemical Industry
Co., Ltd.) was used as a trunk polymer for the

grafting. The inner and outer diameters of porous
PE hollow fiber were 195 and 3.01 mm,
respectively. PE hollow fiber has 0.34 fm pore
diameter and 71% porosity. Acrylonitrile {CH.=
CHCN, AN, Tokyokasei, Japan) was used
without further purification. Glycidyl methacryl-
ate [CH,=C(CH.JCOOCH:CHOCH., GMA, Aldrich]
was used without further purification. Uranyl-
acetate {Merck, 99%) and other chemicals were
of reagent grade.

Grafting Procedure. Scheme [ shows the
preparation procedure of radiation grafting of
AN and GMA onto PE hollow fiber. The PE
hollow fiber was irradiated by ¥ray from Co-60
source (Co-60 Gamma-ray Irradiator IR-79)
under atmospheric pressure and ambient
temperature, and then the irradiated PE hollow
fiber was immediately reacted with monomer.
The unreacted monomer and homopolymers of
AN and GMA were removed after grafting with
N.N-dimethylformamide (DMF} and tetrahydro-
furan (THF) using Soxhlet apparatus, respec-
tively. AN and GMA-grafted PE hollow fiber
obtained by grafting copolymerization was dried
in a vacuum oven at 60°C for 12 h. To examine
the effects of various parameters on the grafting
copolymerization, the degree of grafting is de-
fined as

Degree of grafting (%)=[{W-W,)/W,] x 100 (1)
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Scheme 1. Preparation of chelating membrane modified with amidoxime, diethylene triamine, and iminodiacetic acid.
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where W, and W, denote the dry weights of the
grafted and the ungrafted PE hollow fiber, re-
spectively. _

Swelling was determined by the increase in
volume between the original and the swelled PE
hollow fiber. The volume of the hollow fiber
swelled with 70% monomer/solvents at 70°C for
180 min was measured in the wet state with a
microscope. Percent swelling was calculated as
following.

Swelling (%)=[(V,-V,)/V.] X 100 (2)

where V, and V. are the volume of the swelled
and the original PE hollow fiber, respectively.

Amidoximation, Iminodiacetation, and
Amination Procedure. The resultant cyano
group was converted into amidoxime {(-CNH:(=
NOH)) group by immersing the AN-grafted PE
hollow fiber in hydroxylamine {NHOH) solution
at 80°C. The epoxy group was converted into a
iminodiacetic acid [-NICOOH):l and diethylene
triamine [-N(CH:CH:NH.}):] groups by immersing
the GMA-grafted PE hollow fiber in 0.425 M
iminodiacetic acid agueous solution and 99%
DETA solution at 80°C, tespectively. Subse-
quently, the adsorbents were repeatedly washed
with water. Then, the modified PE hollow fibers
were dried in a vaccum oven at 50°C for 8 h.
The AQ, IDA, and DETA group content (mmol/g)
was determined by

AO group content {mmol/g)=[(W-W,)/W.]x

(1000/33) {3)
IDA group content [mmol/g)=[(W.-W,)/W.]x
(1000/133) (4}
DETA group content (mmol/g)=[(W,-W,)/W.]x
{1000/103) (5)

where W, is the dry weight of the amidoximated,
iminodiacetated and diethelene triaminated PE
hollow fiber, and the factor of 33, 133, and 103
corresponds to the molecular weights of AO, IDA,
DETA, respectively.

Breakthough Curve. Scheme Il shows the
experimental apparatus for measuring pure
water flux and breakthrough curves. The inner
and outer diameters and lengths of PE hollow
fiber were measured in the wet state with a
microscope. After the PE hollow fiber was dried
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Scheme H. Experimental apparatus for determining flux
and breakthrough curves.

in a vacuum, the pore volume distribution was
measured by a mercury intrusion method. The
flux, U: was determined by:

U=(volumetric flow rate)/aD: L (6)

where D, is the inner diameter, and L is the
length of the PE hollow fiber (10 cm). The
volume flow rate of the pure water was
measured from the dropping amount from the
outside of the PE hollow fiber. The pressure in
the feed tank, shown in Scheme I, was 1.0x10°
Pa. The concentrations of U0 obtained during
permeation were determined by ICP. The extent
of adsorption was determined by the ratio of C
to C°, where C° is the initial concentration of UQZ*
before the permeation across PE hollow fiber,
and C is their final concentration after the
permeation. The permeation volume {(PV) was
determined by:

PV=D,L U.t (7

where t is the time of permeation.
Results and Discussion

Preparation of PE Membrane Modified
with AO, IDA and DETA Groups, In a
previous paper,” we examined the effect of pre-
irradiation dose and additives on the grafting of
GMA onto PE hollow fiber. However, little has
been studied on the grafting conditions such as
solvents, monomer concentration and reaction
temperature.

Figure 1 shows the effect of GMA concen-
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Figure 1. Effcts of solvents and monomer concentration on
the grafting of GMA onto PE film preirradiated to a total
dose 30 kGy at 70°C for 180 min.

tration and solvents on the grafting of GMA onto
PE hollow fiber at 70°C for 180 min. The
grafting can be influenced by the extent of
swelling of the hollow fiber in the solvent and the
degree of homopolymerization during grafting.
The swelling behavior of PE hollow fiber in
solvents such as MeOH, DMF, THF, dichloro-
ethane, 1/4-dioxane and xylene was examined to
find out the effect of solvent on the degree of
grafting. Percent swelling is in the order of
following:

dichloroethane > xylene > 1.4-dioxane > DMF >
MeOH

Among them, 14-dioxane as diluent enhanced
most effectively the degree of grafting in this
experiment. The reason why the grafting yield is
enhanced with 1,4-dioxane can be explained as
follows. When a PE hollow fiber is irradiated in
air, both free radicals and peroxides are formed.
Peroxide (PE-OOH) is capable of forming H-
bond with dioxane. It is assumed that the
hydrogen bond can help the decomposition of
peroxide which may influence the grafting vield.
In the presence of CH:OH, grafting vield was
remarkably low. The result can be as follows.

P+ M—PM’ {8
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Figure 2. Effcts of reaction temperature and reaction time
on the grafting onto PE hollow fiber in I.4-dioxane.

P* represents a radical of the backbone
polymer formed in the grafting system and M
denotes monomer. When reaction (8) proceeds,
grafting occurs, whereas with reaction (9), the
backbone polymer radical abstracts H atom from
the methanol leading to "CH:OH radicals which
produces homopolymer rather than graft. Finally,
grafting vield in the presence of methanol is low.
The grafting extent by diluent is in the following
order:

1,4-dioxane > xylene > dichloroethane > DMF >
MeOH

Figure 2 shows the effects of the reaction time
and reaction temperature on the grafting of GMA
onto PE hollow fiber in 1,4-dioxane. The PE
hollow fiber was irradiated to a total dose of 30
kGy by yray from Co-60 under atmospheric
pressure and ambient temperature. The grafting
yield increased with the increase in reaction time
and reaction temperature. When PE hollow fiber
is irradiated in air, peroxides are formed, and on
heating, decompose to vield free radicals which
initiate the graft copolymerization. The greater
decomposition of peroxide at higher tempera-
tures probably accounts for the higher extents of
grafting.

Figure 3 shows the diameter and pure water
flux onto the PE and GMA-grafted PE hollow
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Figure 3. Diameter and pure water flux of PE and GMA-
grafted PE hollow fiber.

fiber. The inner and outer diameter in the wet
state increased due to the grafting, whereas pure
water flux decreased. This increase is due to the
growth of the graft chains in the polymer matrix.
The decrease of water flux in grafted PE hollow
fiber is due to the growth of the graft chains
inside the polymer matrix pore.

Figure 4 shows the intrusion data of mercury
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Figure 4. Intrusion data of PE and GMA-grafted PE hollow
fiber membrane by porosimeter.
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Figure 5. Pore diameter distribution of PE and GMA-graft-
ed PE hollow fiber.

onto PE and GMA-grafted PE hollow fiber
membrane by porosimeter. The total intrusion
volume, total pore area, median pore diameter,
and average pore diameter decreased with
increasing the grafting vield, whereas bulk density,
apparént density and stem volume increased with
increasing grafting vield.

Data in Figure 5 shows the cumulative pore
volume {mercury penetration volume). The pore
diameter distribution curve can be obtained the
curnulative pore volume curve. The pore valume
on a region ranging from a 1 to 10" pm pore
diameter was found to be large. The pore volume
decreased with the increase in grafting vield. The
pore volume of 2.6 L/kg in the PE hollow fiber
was reduced to 1.75 L/kg with a 80% grafting
yield, and to 1.5 L/kg with a 100%, to 1.5 L/kg
with 200% grafting vield.

Figure 6 shows the surface morphology of a
base PE holiow fiber (a}, 80% GMA-grafted PE
membrane (b), and 200% GMA-grafted PE
membrane (c). The pore size decreased with
increasing garafting vield, whereas the wall
distance between pore and pore increased with
increasing grafting vyield. These decrease and
increase are due to the growth of graft chains in
amorphous region onto polymer matrix.

Adsorption of UQ:* and Cu®™ by PE
Membrane Modified with the AQO, IDA, and
DETA. Figure 7 shows the breakthrough curves

Korea Polym. J., Vol 7. No. 1, 1999
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Figure 6. Surface morphology of a base PE membrane and
a GMA-grafted PE membrane: (a) base PE membrane, (b)
80% PE membrane, and (c) 200% PE membrane.

of UOZ" for the chelating hollow fiber membrane
as a function of AQ group content. The inlet
concentration of UO$* was 30 mg per liter (30
ppm). In case of amidoxime group content with
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Figure 7. Breakthrough curves of UQ;" ion to PE hollow
fiber membrane modified with amidoxime groups.

3.57 mmol/g, C/C° remained zero until permea-
tion volume reached 0.18 liter. After this point, C/
C° rose gradually with increasing permeation
volume. A higher AQ group content required a
higher permeation volume until C/C°=1. At C/C*=
1, the amount of UQ{' adsorbed by the PE
membrane modified with AO group can be
calculated by multiplying the area PV with C
which is the upper portion of the breakthrough
curves. The adsorbed amounts of U0 were 12.6,
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Figure 8. Breakthrough curves of U0;" and Cu®* ion to PE
hollow fiber membrane containing 3.57 mmol/g of amid-
oxime gyoup.
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Figure 9. Breakthrough curves of U0Z* and Cu*" ion to PE
hollow fiber membrane containing 2.0 mmol/g of IDA group.

953, and 42.2 g per kg for AO groups of (.95,
250, and 3.57 mmol/g, respectively. A higher
AO group density resulted in higher amounts of
adsorption.

Figure 8 shows the breakthrough curves of
UO# and Cu® by the PE membrane with the AO
group of 3.57 mmol/g. The inlet concentration
of U0Z and Cu* was the same 30 ppm,
respectively. C/C° remained zero until PV value
reached 0.18 liter in UO#", whereas the adsorp-
tion of Cu* by modified membrane was
extremely slight. The PE membrane modified
with the AO group was found to have a higher
adsorption capacity for UQf" than Cu®™.

Figure 9 shows the breakthrough curves of
UOZ and Cu? by the PE membrane (d.g.=100%)
modified with IDA group of 2.0 mmol/g. The
inlet concentration of UQZ* and Cu® was the
same 30 ppm, respectively. C/C° remained zero
until PV value reached 0.19 and 0.39 liter in UOZ*
and Cu®, respectively. The adsorbed amounts of
Cu? and UQZ were ca. 104 and ca. 84 g per
kg, respectively. The PE hollow fiber membrane
modified with the IDA group was found to have
a higher adsorption capacity for Cu** than UQ$".

Figure 10 shows the hreakthrough curves of
U0 and Cu? by the PE membrane {d.g.=100%)
modified with the DETA group of 3.80 mmol/a.
The inlet concentration of UO$" and Cu* was the
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Figure 10, Breakthrough curves of UOZ" and Cu™ ion to
PE hollow fiber membrane containing 3.80 mmol/g of DETA

group.

same 30 ppm, respectively. C/C° remained zero
until PV value reached 0.25 and 0.35 liter in UOZ"
and Cu?, respectively. The adsorbed amounts of
Cu® and UO# were ca. 17.8 and ca. 11.8 g per
kg, respectively. The PE hollow fiber membrane
modified with the DETA group was found to
have a higher adsorption capacity for Cu®™ than
uoi

Figure 11 shows the the amounts of UOZ"
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—h— DETA group
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Figure 11. Adsorpiion of UOZ by the PE hollow fiber
membrane modified with AQ, IDA, and DETA group.
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Figure 12. Adsorption of Cu** by the PE hollow fiber mem-
brane medified with AO, IDA, and DETA group.

adsorbed by the PE membrane modified with the
AQ, IDA, and DETA, respectively. The amount of
U0Z adsorbed by the modified PE membrane
was determined by ICP. The adsorption order of
the UO# was the AD group>IDA group>
DETA group.

Figure 12 shows the the amounts of Cu®
adsorbed by the PE membrane modified with AO,
IDA, and DETA, respectively. The adsorpion
order of Cu?® was the IDA group > DETA group >
AQ group.

Conclusions

The PE hollow fiber membrane with amid-
oxime {AO) was prepared by radiation-induced
grafting of acrylonitrile (AN) and subsequent
amidoximation of cyano groups of poly(AN)
graft chains. The PE hollow fiber membranes
with iminodiacetic acid (IDA} and diethylene
triamine (DETA) were made by radiation-
induced grafting of glycidyl methacrylate (GMA}
and subsequent iminodiacetation and amination
of epoxy aroup of poly(GMA) graft chains,
respectively. The adsorption characteristics of

Korea Polym. J., Vol. 7, No. 1, 1999

U02 and Cu? were examined when the solution
of U0Z and Cu®* permeated across the modified
membranes.

{1) The PE membrane modified with the AO
group adsorbed UQZ" more than Cu®, whereas
the PE membrane modified with IDA and DETA
groups adsorbed higher amount of Cu® than
Ui

(2) In adsorption of U0 ion by modified PE
membrane, the adsorption order was AC group =
IDA group > DETA group.

(3) In adsorption of Cu® ion by modified PE
membrane, the adsorption order was IDA group >
DETA group > AO group.
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