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PRODUCTION OF SORPTION ACTIVE POLYPROPYLENE
FABRICS WITH SULFONIC ACID GROUPS BY RADIATION-
INDUCED MODIFICATION OF POLYMER SURFACE

I.V. Bondar*, D.H. Han, H.K. Cho

School of Chemical Engineering, Yeungnam Univer@it¢-1 Dae-Dong, Gyeongsan 712-749, South Korea

Sorption active material carrying sulfonic acid gms was synthesized by radiation-induced graft po-
lymerization of styrene monomer onto the surfaggoofwoven polypropylene fabric followed by sulfona
tion of grafted polystyrene chains. The effechefrain experimental parameters on styrene gratftieg
gree (absorbed dose, monomer concentration, readiioe) was investigated. It was found that sulfona
tion degree of the grafted polystyrene chains ®#hchlorosulfonic acid at room temperature depeois
the reaction time and reaches 80% for the samplgsavmedium value of styrene grafting degree. Sorp
tion active polypropylene fabrics with sulfonic dgroup densities &.5-5 meq/gvere obtained.

INTRODUCTION

Polypropylene (PP) fibers and nonwoven fab-

inert atmosphere (e.g.,Nor under vacuum. Pre-
irradiation method involves a combination of two
steps: a polymer backbone is first exposed to ion-

rics have been frequently used as base polymerizing irradiation in vacuum, air or inert atmos-

matrix for synthesis of various sorption active
materials. This is because of their low cost, satu-
rated structure, high radiation and chemical resis-
tance, excellent mechanical properties of PP ma-
trix and highly developed specific surface [1, 2].

To obtain sorption active PP materials the ra-
diation-induced graft polymerization method can
be used. When polymer matrix is subjected to
high energy irradiation (electron beam accelera-
tors, y-rays sources, plasma treatment), the active
cites are formed on the polymer surface. They can
initiate graft polymerization of a proper monomer
[3—7]. As a result of graft polymerization reaction
the surface of the primary polymer matrix becomes
covered by nano(micro)-chains of the grafted
monomer. Density and chemical nature of the
functional group of the grafted monomer as well as
the degree of modification of the primary polymer
matrix can vary depending on the experimental
condition so that to tailor the resulting adsorbent
for the concrete technological tasks.

Two main methods in radiation-induced graft
polymerization have been developed for polymer
surface modification: (1) simultaneous (or mu-
tual) method and (2) pre-irradiation (or post-
irradiation) method [3-7].

In the simultaneous irradiation method a
polymer matrix is exposed to high energy irradia-
tion in the presence of a monomer, so that active
sites are formed on both polymer backbone and
monomer units. Irradiation can be carried out in
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phere to generate active cites and then it contacts
with monomer units in inert atmosphere.

From the practical viewpoint, it is extremely
interesting to prepare sorption-active PP fibexs an
fabrics with strong sulfonic acid group [2, 5, ¥, 8

Several approaches can be used for this pur-
pose: direct grafting of a monomer with sulfonate
group or grafting of a precursor-monomer (for
example, glycidyl methacrylate or styrene) with
subsequent sulfonation of grafted chains.

There is a vinyl monomer with sulfonic acid
group (i.e. sodium styrenesulfonate); however,
graft polymerization of this monomer onto PP
matrix has failed [9, 10]. Only copolymerization
of two monomers - acrylic acid and sodium sty-
renesulfonate onto the PP surface has led to a
positive result [10].

Glycidyl methacrylate (GMA), an epoxy-
group containing monomer, is widely used as a
precursor-monomer for production of polymeric
adsorbents of variety applications on the base of
membranes, films, fibers and fabrics [11, 12]. It
also has been used for synthesis of PP fabrics
with sulfonic acid functional group [13].

In the current paper we considered the graft
polymerization of styrene as a precursor-
monomer. Radiation-induced graft polymeriza-
tion of styrene with subsequent sulfonation of the
grafted polystyrene chains was used to produce
PP fabric with sulfonic acid groups. The influ-
ence of irradiation and experimental conditions
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(absorbed dose, styrene concentration, reaction erated with 0.1 M HCI solution and then washed
time) on the grafting yield and peculiarities of thoroughly with deionized water and dried. The
sulfonation process are discussed. ion exchange capacity (IEC), reflecting the actual

EXPERIMENTAL density of the incorporated sulfonic acid groups,
was determined by titration experiment.

lon exchange characteristics. The ion ex-
change capacity (mEg/g) of the synthesized PP
fabrics was determined through backward titra-
tion experiments. The sulfonated PP-g-PSt sam-
ple was placed into a flask with 50 ml of a satu-
rated NaCl solution and equilibrated for 24 h. The
equilibrated solution was titrated to the phenol-
phthalein end point with 0.1 N NaOH solution
using TITRONIC 97/50 auto burette.

The IEC value of the sulfonated fabric
was calculated using the following equation:
IEC (meqg/g) = 0.1x\ao/Wqg Where, Waon is the
volume of NaOH solution that was consumed

Materials. Commercial nonwoven polypro-
pylene (PP) fabric with a thickness of 0.7 mm and
a density of 146 g/fnobtained from Saehan felt
Co. Ltd was used as a trunk polymer for grafting.
Reagent grade styrene monomer (St) and ethanol
(Aldrich Co.) was used without further purifica-
tion. Reagent grade chlorosulfonic acid and di-
chloromethane (Kanto Chemical) were used for
the sulfonation without further purification. Other
chemicals were of reagent grade.

Graft copolymerization procedure. The pre-
irradiation grafting method was carried out infair
the graft polymerization of styrene monomer onto
PP fabric. The PP fabric was cut into 50x50 mm . N . .
guadrates, cleaned with acetone for 24 h and thengurlng tlttr)atlon,_ a?r? g's the weight (g) of the
dried at 80C for several hours before being fy membrane in the Form.
weighted. The prepared samples were irradiated RESULTS AND DISCUSSION
with an electron beam from an ELV-05 electron Sorption active polymer fabrics, carrying sulfo-
beam accelerator (BINP, Russia) with an accelera- nic acid groups, have been synthesized by radiation
ted energy of 0.7 MeV to doses ranging from 40 to induced graft polymerization of the styrene onto
100 kGy at ambient temperature. The irradiated fab- nonwoven PP fabric followed by the sulfonation re-
ric was immersed in a 250 ml glass flask with the action (Fig. 1). This method has been widely stiidie
monomer solution (styrene in ethanol). Then the over the last decade for synthesis of sulfonic acid
flask was purged using nitrogen gas, sealed, and proton exchange membranes for fuel cells based on
placed in a water bath that was maintained 350 hydrocarbon and fluorocarbon polymer films [5-7].
constant temperature for different time periods. At However, there are only a few publications on pecu-
the end of this stipulated time period, the graRéd liarities of both radiation-induced graft polymeriz
fabric was removed from the solution, washed thor- tion of styrene onto PP nonwoven fabric and subse-
oughly with hot benzene in Sohxlet over 8 h to re- quent sulfonation of grafted PSt chains [2, 14, 15]
move any homopolymers and unreacted monomers. None of these papers considered issues concerning
Finally, the grafted films were dried in a vacuum the optimal density of grafted PSt chains, efficien
oven at 88C until they reached a constant weight. of sulfonation of benzene rings of the PSt chaind,
The degree of grafting (DG) was calculated from stability of the functional groups in adsorptiomgr
the weight gain: DG (%) = [(\WWo)/W,] x 100 esses. The diversity of problems solved using poly-
where Wand W are the weights (g) of the original meric adsorbents necessitates further search dor th

and grafted films, respectively. best synthesis procedures and a comprehensive study
Sulfonation procedure. The PP fabric with on the properties of the materials prepared.

grafted poly-styrene chains (PP-g-PSt) was Sul-  grectron peam Graft polymerization

fonated at room temperature with a 5% solution of  trradgiation in air CH,=CH

chlorosulfonic acid in dichloromethane (DCM) for ﬂ @

different time periods. Before sulfonation the — \o/w i g

grafted samples were pre-treated in DCM for .. . OH (CH-FR

30 min. After sulfonation reaction the studied —_— @

samples were repeatedly washed with fresh DCM ((l:HZ-FH),;'

for 5 h to reduce the content of residual acid-neu @

tralized with 0.5 M NaHC®and then hydrolyzed |

SO,H
Fig. 1. Radiation-induced graft polymerization of sty-
rene onto PP nonwoven fabric

overnight at 38C. To obtain cation exchange fab-
ric in H'-form the sulfonated samples were regen-
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Graft polymerization of styrene onto non-
woven polypropylene fabric. To investigate the
graft polymerization of styrene onto nonwoven PP
fabric, the reaction temperature of’60was cho-
sen. The other parameters affected this reaction,
namely, monomer concentration, adsorption dose,
reaction time have been investigated to obtain PP
fabric with the reasonable styrene grafting degree.

Effect of monomer concentration. The influ-
ence of monomer concentration on the degree of
styrene graft polymerization is shown in Fig. 2.
Among different diluents used for styrene we
used ethanol. The curve of grafting degree against
monomer concentration has a sharp peak at
monomer concentration of 20%. Similar behavior
of grafting curve against monomer concentration
was observed in [14] where it was explained in
terms of a Trommsdorff effect.
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Fig. 2. Effect of styrene concentration on the degre
grafting. Reaction time B, reactiol
temperature 5, absorbed dose 100 kGy

Effect of absorbed dose. The influence of ab-
sorbed dose on the extent of the styrene grafting
process from 20% monomer solution is shown in
Fig. 3. Under chosen reaction conditions the de-
gree of graft polymerization linearly increases
with the increase of absorbed dose from 40 to
100 kGy. It can be explained by the fact that the

Effect of reaction time. Fig. 4 shows the
variation in the degree of styrene graft polymeri-
zation on PP fabric with respect to the reaction
time. The rate of grafting grows significantly dur-

ing the initial 2—-3 h and then levels off.
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Fig. 4. Effect of reaction time on the degree of graft-
ing. Absorbed dose 100 kGy, styrene concentra-
tion 20%, reaction temperature®g0

Thus, varying such experimental parameters
as absorbed dose, monomer concentration, reac-
tion time, the styrene-grafted polypropylene fab-
rics with a wide range of polystyrene-chain den-
sity have been obtained (Fig. 5).
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Fig. 3. Effect of absorbed dose on the degree of sty-

rene grafting. Styrene concentraticz0%
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fabrics used for sulfonation experiments

Sulfonation of grafted polystyrene chains. To
function as a sorption active material the PP €abri
with PSt grafted chains need to undergo further sul
fonation process. Only one sulfonic acid group may
be attached to the carbon of an aromatic ringnso i
the case of full sulfonation conversion, the number
of the sulfonic acid groups should be equal to the
number of the grafted styrene chains.

There are several sulfonating agents used for
introduction of sulfonic acid groups into the ben-
zene rings of the grafted PSt chains: concentrated
sulfuric acid, chlorosulfonic acid in methylene
chloride, a mixture of sulfuric acid and chlorosul-
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fonic acid, acetyl sulfate solution, dioxanezSO
complex, pyridine-S@complex, etc. [2, 8, 16, 17].
From the practical view point the moderate
experimental conditions (low temperature and
low concentration of sulfonating agent) are more

preferable because strong acids of high concen-
tration and high temperature cause side reactions

and degradation of the PP matrix [16, 17].
Chlorosulfonic acid solutions of 5% in di-
chloromethane and room temperature were cho-

sen for the experimental study.

Several samples with a medium value of sty-
rene grafting degree (70-120%) were immersed in
dichloromethane for swelling (30 min) and then
treated with acidic solution for different time per
ods (5—-100 min). The density of the incorporated
sulfonic acid groups was determined through
backward titration experiment (IEC value). The
sulfonation degree (percent of conversioms
calculated as a ratio of the sulfonic acid groups
density (IEC value) to the styrene group density
for the investigated sample (from Fig. 5).

Thesulfonation degreeurve with respect to the
sulfonation time is shown in Fig. 6. It can be diga
seen from this figure that th@aximum sulfona-
tion degree of 82% can be reached within the time
interval of 60—90 min; when the sulfonation time
was greater than 90 min, the sulfonation degree
decreased due to the side reactiorsijiffonation
and sulfone formation) [16, 17]. Therefore, sul-
fonation with 5% chlorosulfonic acid at 25°C for
60—90 min is recommended for the PP nonwoven
fabric with a medium value of styrene grafting
These conditions allow to synthesize sorption ac-
tive polypropylene fabrics with the sulfonic acid
group density (or the IEC value) of 3.5-5 meqg/g.
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Fig. 6. Effect of time on sulfonation degree of PP-g-
PSt fabrics witha medium value of styre
grafting degree. Chlorosulfonic acid i

dichloromethane (5%), room temperature

This parameter is higher than the IEC of the
PP fabrics with sulfonic acid groups synthe-
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sized by radiation grafting of the vinyl mono-
mer with sulfonic acid group (sodium styrene-
sulfonate) (0.5-2.13 meqg/g)L0] or radiation
grafting of GMA as a precursor-monomer and
subsequent sulfonation of polyGMA grafted
chains (1-2.5 meqg/g) [13].

CONCLUSIONS

Sorption active polypropylene fabrics with sul-
fonic acid functional groups have been prepared by
radiation-induced graft polymerization of styrene
using pre-irradiation method in air followed by
sulfonation of grafted polystyrene chains with
chlorosulfonic acid at room temperature.

Varying such experimental parameters as
absorbed dose, monomer concentration and reac-
tion time, the styrene grafted polypropylene fab-
rics with a wide range of styrene-chain density
have been synthesized. Subsequent modification
consisted in the incorporation of the sulfonic
acid groups by reacting of the benzene rings of
the PSt grafted chains with 5% chlorosulfonic
acid in dichloromethane at room temperature for
60—-100 min allowed to obtained sorption active
polypropylene fabrics with high value of sulfonic
acid group density 3.5-5 meq/g.
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Buxopucranus pagianiiiHo-iHIyKoBaHoI mojiMepu3anii 111 OTPUMAHHS
COPOUiHHO-AKTHUBHMX MOJINPONIJIEHOBUX TKAHUH 3 CYJIb(POKHCIOTHUMHU IPyNaMu

10.B. bonaaps, /1.X. Xan, X.K. Yo

Dakynvmem iHocenepHoi ximii, Eynenamcokuil ynisepcumem

214-1J]ae-/Jone, I'enecan 112-749 ITisoenna Kopes, juliavad@yahoo.com

Paoiayiiino-inoykosana npuwenmosanvua noiimepu3ayis cmupony Ha HemKAaHy HONINPONiIeH08y MKAHUHY 3 No-
OanbuM Cyb@DyBaHHAM NPULYENTIEHUX JAHYIO2I8 NOAICMUPOy 6Y1a 6UKOPUCTARA OJisl CUHME3Y COPOYIIUHO-AKMUBHO20
mamepiany. IIposedeno O00CHiOdNCeHHs 6NAUGY OCHOGHUX eKCHepUMEHmAbHUX napamempie (nocnuxena 0034,
KOHYEeHmMpayisc. MOHOMepa, 4ac peaxyil) Ha CMyniHb NPUWEnIO8albHOI noximepusayii cmupony. Bemanoeneno, wo
eghexmusHicmsb CyIbhyBanHs NPUWENIeHUX AAHYI02I8 NOLICIUPONY npu KiMuamuil memnepamypi ¢ 5% posuuni
XT0PCYIbOOHOB0I KUCIOMU 3ATIeAHCUMb 8I0 YACY peaKyii i 015 3pa3Kié 3 cepeOHiMU CIMYNeHAMU NPULenieHHs 00ca2ac
80%. Byau cunmeszosani copoYitiHO-aKMUGHI NOTINPONIIEHOBE MKAHUKY 3 WITbHICIIO Kuciomuux 2pyn 3,5—5me-exsle.

Hcnoab3oBanne paManMOHHO-HHAYIMPOBAHHON MOJIMMePH3ALUHU IS TOJTyYeHU s
COPOLMOHHO-AKTHBHBIX MOJMIIPONUIEHOBBIX TKaHell C cy1b(OKHCIOTHBIMU FPyNIaMHU

FO.B. bonaaps, /1.X. Xan, X.K. Yo

Daxynbmem uHdcenepHou xumuu, Eynenamckuii ynusepcumem
214-1J{ae-/Jone, I'enecan 7112-749 JOxcnas Kopes, juliavad@yahoo.com

Paouayuonno-undyyuposannas npususouHas NOIUMEPU3AYUS CMUPOLA HA HEMKAHHOU NOIUNPORUTEHOBOU Ma-
mepuu ¢ ROCAeOVIOWUM CYIbGUPOSAHUEM NPUSUMBIX Yenell NOTUCTHUPONA ObLIA UCHOTIb308aAHA O CUHmMe3a copoyu-
OHHO-akmueHo20 mamepuana. IIposedeno ucciedosanue 6nUsHUS OCHOBHBIX IKCREPUMEHMATbHLIX napamempos (no-
2N0WeHnas 003d, KOHYEHMPayus, MOHOMePA, 8PeMs. PeaKyuu) Ha CMenelb NPUGUEOYHO NOTUMEPU3AYUU CIMUPONA.
Yemanoeneno, umo spgpexmusnocmo cynohuposanus npusumsix yenel noAUCMupoId npu KOMHAMHOU memnepa-
mype 6 S% pacmeope Xn0pcynb@OHOBOU KUCIOMbL 3A8UCU O 8pEeMeHI peakyuu U 015 06pasyoe co cpeoHUMU
cmenensmu npusueku docmuzaem 80%. bviiu cunmesuposansl copoOYUOHHO-AKMUBHBIE NOTUNPONUIEHOBbIE MKAHU C
RIOMHOCMbIO KUCIOmMHbIX epynn 3,5—5me-akele.
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