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ABSTRACT: Novel grafted amphoteric poly(propylene)
(PP) fabrics were prepared by �-irradiation, which induced
grafting of methacrylic acid (MA) onto PP fabric. A subse-
quent reaction of PP–MA grafted chains with freshly pre-
pared (3-chloro-2-hydroxylpropyl)amine or diamine chlo-
ride compounds followed by purification yielded the corre-
sponding amphoteric PP fabrics. The latter were
characterized by elemental microanalysis for the determina-

tion of the percentage nitrogen. Fourier transform infrared
and scanning electron microscopy were performed on
methacrylic and amphoteric PP fabrics. © 2003 Wiley Period-
icals, Inc. J Appl Polym Sci 88: 2504–2510, 2003
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INTRODUCTION

Poly(propylene) (PP) is frequently used for thermo-
plastic materials, molding, and production of PP films
at a moderate temperature because of its low heat
resistance. It is difficult to dye PP fabric because of the
lack of reactive functional groups in the polymer back-
bone. These drawbacks are successfully overcome by
chemical modification of PP. The modification of PP
can be achieved by graft copolymerization of various
vinyl monomers using different radiation methods
followed by chemical grafting techniques.

A review of the literature revealed that Chen et al.1,2

grafted PP fabric with acrylic acid (AA) by preirradia-
tion of PP fabric with �-rays and electron beams in air
and nitrogen gas, respectively. The effect of storage
time of the preirradiated PP fabric on the degree of
grafting was studied. The results indicated that the
samples irradiated by �-rays had a much higher de-
gree of grafting than those treated with electron
beams. Miyazaki et al.3 modified PP fabric by creating
hygroscopic and water repellency properties by a se-
ries of successive reactions. First, the hydrophilic
groups were introduced into the nonwoven PP fabric
by radiation, which induced graft copolymerization of
AA or a mixture of sodium p-styrene sulfonate (SSS)
and AA. Hygroscopic and wettability properties were
obtained by treating the AA-grafted samples with so-
dium hydroxide solution. Next, a polyion complex
was formed on the sodium acrylate surface by treating
the (PP) surface with an aqueous solution of diocta-

decyl dimethylammonium bromide. Finally, the alkyl
chain surface was further treated with CF4 plasma to
form a water-repellent surface. The structure of the
modified surface was analyzed after each treatment by
attenuated total reflection–Fourier transform infrared
(ATR–FTIR) spectroscopy and X-ray photoelectron
spectroscopy (XPS). Misra et al.4 grafted methacrylic
acid (MA) onto isotactic PP and studied the optimum
grafting conditions. Yen et al.5 investigated the copo-
lymerization of MA, AA, and a mixture of AA and
diglycol acrylate onto nonwoven PP fabric using an
electron beam. The exchange adsorption properties of
the ion-exchange fibers that were obtained with tran-
sition and rare earth metal ions were investigated.
Several copolymers of methacrylic esters containing
piperidine or dialkyl amino groups were prepared
and proved to be very effective in surface dyeing of PP
films and fibers.6,7 Shaozao et al.8 grafted 4-vinylpyri-
dine (4VP) by preirradiation of nonwoven PP cloth.
The grafts were characterized by infrared (IR) spec-
troscopy and scanning electron microscopy (SEM).
The American Cyanamid Company9 improved the
dyeability of PP fibers modified with 4VP by treat-
ming the fibers with an anionic solution of dodecyl-
sulfate (0.24–4% on weight fabric (owf)) at pH � 6
and 140–250°F. The treated fibers can be dyed with
acid, basic, or vat dyes. Caldo10 studied the dyeing
properties of modified PP fibers by introducing amino
groups. He found that the highest acid dye absorption
was for the fibers containing piperazine amino
groups, followed by those having an aliphatic tertiary
amino moiety. Gawish et al.11 grafted 2-(dimethylami-
no)ethyl methacrylate onto PP fabric by �-irradiation.
The different variable parameters affecting the graft-
ing reaction, such as the irradiation doses, storage
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conditions, reaction time, monomer concentration,
and temperature, were studied. The grafted PP was
further quaternized with dimethyl sulfate or mono-
chloroacetic acid. The grafted and quaternized fabrics
were dyed with an acid dye. The moisture regain and
dyeability were increased, and the mechanical prop-
erties were also determined.

The aim of the present work was the synthesis of a
novel series of grafted PP fabrics based on the intro-
duction of quaternary ammonium salt sites by a chem-
ical modification technique. The synthesis was per-
formed in two successive reactions. First, hydrophilic
carboxylic acids groups were introduced into PP fab-
ric by �-irradiation and graft copolymerization with
MA. The carboxylic acid groups that were formed on
the PP fabric were allowed to react with freshly pre-
pared solutions of (3-chloro-2-hydroxylpropyl)amine,
dioctylmethylamine, ethylene diamine, tetramethyl-
ethylene diamine, and cetyl tetramethylethylene dia-
mine chloride in alkaline medium to yield the corre-
sponding fabrics containing cationic groups that were
purified by extraction with acetone and warm water.
The prepared fabrics were characterized by elemental
microanalysis, IR spectroscopy, and SEM. The appli-
cation and properties of these amphoteric PP fabrics
will be further studied in an independent paper.

EXPERIMENTAL

Poly(propylene) fabric (100%) was obtained from
Montedison Company. PP is highly isotactic and has
the following specifications: warp, 238 dtex; fill, 251
dtex. MA was supplied by Merck Company and was
used without further purification. Mohr’s salt [FeSO4 �
(NH4)2SO4 � 6H2O], H2SO4, HCL, acetone, methyl al-
cohol, triethylamine, tetramethylethylene diamine,
ethylene diamine, dioctylmethyl amine, cetyl bro-
mide, and epichlorohydrin were all laboratory grades
chemicals.

Technical methods

Cationic groups were introduced into PP by a series of
successive reactions as follows. First, the PP–MA graft
copolymer was prepared. Next, the chosen amine salts
were prepared and reacted with epichlorohydrin to
produce an amine hydrochloride epichlorohydrin
condensate (AHE) [such as, N-(3-chloro-2-hydroxyl-
propyl)amines or N,N�-bis(3-chloro-2-hydroxylpro-
pyl)amines] according to a previously described proce-
dure.12,13 Finally, the PP–MA grafts were condensed in
alkaline medium with the previously prepared chloro-
quaternary ammonium compounds to produce their
corresponding PP–MA ester AHE condensates.

Preirradiation and grafting of MA onto PP

Before irradiation, PP fabric was extracted for 1 week
with acetone to remove the antioxidants and ultravi-

olet stabilizers, which are inhibitors for the grafting
process, and then air dried before irradiation. Irradi-
ation was carried out in a cobalt-60 gamma accelera-
tor. A preirradiation method was adopted. The dry
fabric was exposed to an irradiation dose of 2 Mrad in
the presence of air (dose rate 0.64 Mrad/h). The graft-
ing experiments were performed in a closed Pyrex
bottle, in the presence of air, in a shaking water bath.
The required amounts of distilled water, Mohr’s salt
solutions (2.5 � 10�3M), and H2SO4 (0.2M)] and the
MA monomer (10%) were added. The irradiated PP
fabric was immersed in the monomer solution and
thermostated at 95°C for 1 h. The grafted samples were
thoroughly washed with methanol and distilled water
to remove any traces of the homopolymer. The sam-
ples were dried, and the percentage grafting, Go, was
calculated as follows:

Go (%) �
Wg � Wo

Wo
� 100 (1)

where Wo and Wg are the weights of the initial and
grafted weight, respectively.

Synthesis of N-(3-chloro-2-hydroxylpropyl)amine
and N, N-bis(3-chloro-2-hydroxylpropyl)amine
derivatives

The cationic reagents were synthesized12,13 in a two-
stage reaction. First, amine salts were synthesized and
then the amine salt was condensed with epichlorohy-
drin.

Synthesis of amine salts

A series of mono- and diamine compounds were cho-
sen for this study. The amine compounds used were
triethylamine, dioctylmethylamine (0.1 mol), ethylene
diamine, and tetramethylethylene diamine (0.2 mol).
Cold hydrochloric acid (0.1 or 0.2 mol) was added in a
dropwise manner to the mono- or diamine com-
pounds, respectively, and the solution was continu-
ously stirred in a cooling ice bath. A white crystalline
precipitate was immediately formed, and the reaction
was continued in the cold until complete precipitation
of all the amine salt occurred.

Condensation of amine salts with epichlorohydrin

Epichlorohydrin (0.1 or 0.2 mol) was added in a drop-
wise manner with stirring to the freshly prepared
amine salt, and the reaction was continued with stir-
ring at 50°C for 1 h to yield the corresponding (3-
chloro-2-hydroxylpropyl)amine derivatives.
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Synthesis of N-(3-chloro-2-hydroxylpropyl)cetyl-
tetramethylethylene diamine

Tetramethylethylene diamine (0.1 mol) was mixed with
cetyl bromide (0.1 mol). The reaction mixture was stirred
at the reflux temperature for 5 h at which time a solid
product was obtained. Cold hydrochloric acid (0.1 mol)
was added with stirring to the previously prepared
amine derivative that was stored on ice. The amine salt

was dissolved in 10 mL of isopropyl alcohol and 0.1 mol
epichlorohydrin and refluxed for 1 h at 50°C.

PP–MA ester of (2-hydroxylpropyl)amine

The PP–MA graft copolymer of a specified graft yield
was immersed in a flask containing the previously
freshly prepared cationic reagents and refluxed in al-
kaline medium at 90°C for 1 h with continuous stir-

TABLE I
Summary of Amines Hydrochloride, Amine Hydrochloride–Epichlorohydrin (AHE),

and PP–MA–Ester–AHE Condensates

Amine Hydrochloride
Amine Hydrochloride–epichlorhydrin

condensates (AHE) PP–MA–ester–AHE Condensates

Triethylamine
hydrochloride

(3-Chloro2-hydroxylpropyl)triethyl
ammonium chloride

PP–MA–ester(2-hydroxylpropyl)triethyl
ammonium chloride (IVA)

Dioctylmethyl amine
hydrochloride

(3-Chloro-2-hydroxylpropyl)dioctylmethyl
ammonium chloride

PP–MA–ester(2-hydroxylpropyl)dioctylmethyl
ammonium chloride (IVB)

Tetramethylethylene
diamine dihydrochloride

N,N’-bis(3-chloro-2-hydroxylpropyl)
tetramethylethylene diamine dichloride

PP–MA–ester(2-
hydroxylpropyl)tetramethylethylene diamine
dichloride (VA)

Ethylene diamine
dihydrochloride

N,N’-bis(3-chloro-2-hydroxylpropyl)ethylene
diamine dichloride

PP–MA–ester(2-hydroxylpropyl)ethylene
diamine dichloride (VB)

Cetyl-chloride
tetramethylethylene
diamine hydrochloride

N-(3-chloro-2-hydroxylpropyl)-N-cetyl-
tetramethylethylene diamine dichloride

PP–MA–ester(2-hydroxylpropyl)cetyl-
tetramethylethylene diamine dichloride (VC)

cetyl-chloride ethylene
diamine hydrochloride

N-(3-chloro-2-hydroxylpropyl)-N’-cetyl-
ethylene diamine dichloride

PP–MA–ester(2-hydroxylpropyl)cetyl-ethylene
diamine dichloride (VD)
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ring. The fabric was then washed with water and
acetone and finally dried at room temperature and
over P2O5 in a vacuum desiccator.

The percentage weight increase due to the conden-
sation of cationic groups onto the PP–MA graft was
determined based on the dried weight as follows:

% increase in weight �
Wf � Wg

Wg
� 100 (2)

where Wf is the final weight after reaction and Wg is
the initial graft weight. The completion of the quater-
nization reaction was calculated as follows:

percentage reaction completion �
W1

W2
� 100 (3)

where W1 is the actual weight increase due to the
quaternization reaction and W2 is the theoretical
weight of the alkylating agent needed for complete
quaternization of the grafted MA.

The weights of grafted MA and the alkylating agent
required were computed as follows:

weight of MA

� (graft yield � grafted sample weight)/100

(4)

weight of alkylating agent

�
MW of alkylating agent � weight of MA

MW of MA (5)

IR spectroscopic analysis

The IR analysis was carried out with an FTIR spectro-
photometer (a Jasco FTIR 300E). The samples were
ground to a very fine powder, mixed with highly
dried KBr powder, and pressed to transparent disks.

Nitrogen analysis

Nitrogen content was estimated by the micro kjeldahl
method.

RESULTS AND DISCUSSION

Synthesis of amine hydrochloride salts derivatives

In the case of the monoamine compounds, the reaction
takes place between equimolar amounts of the hydro-
chloric acid and amine in a cooling ice medium (Table
I) according to the following equation:

R1

{
R2 �N: � HCl
}

R3

O¡

R1

{
R2 �N HCl
}

R3

(6)

where R1 � R2 � R3 � C2H5 for triethylamine, or R1
� CH3 and R2 � R3 � (CH2)CH3 for dioctylmethyl
amine.

In the case of the diamine compounds, 1 mol of
diamine reacts with 2 mol of hydrochloric acid as
follows:

Scheme 1 Condensation of amine hydrochloride salts and
epichlorohydrin.

Scheme 2 Synthesis of I, II, and III.
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R R
{ }
:N�(CH2)2 �N:�2HCl
} {

R R

¡

R R
{ }

HCl :N � (CH2)2 �N: HCl
} {

R R

(7)

where R � CH3 for tetramethylethylene diamine, and
R � H for ethylene diamine.

Condensation of amine hydrochloride salts and
epichlorohydrin

The condensation reaction takes place between
equimolar amounts of amine salt and epichlorohydrin

for monoamine in the presence of water at a reflux
temperature of 50°C, as shown in Scheme 1.

Synthesis of N-(3-chloro-2-hydroxylpropyl)cetyl-
tetramethylethylene diamine dichloride

The synthesis of this compound was done in two
reaction steps (see Scheme 2). First, the cetyl-tetram-
ethylethylene diamine bromide was formed by react-
ing equimolar amounts of cetyl bromide and tetram-
ethylethylene diamine at their reflux temperature un-
til a solid product (I) was obtained. Second, the
required amount of cold hydrochloride was added to
I in a dropwise manner with continuous stirring to
yield the hydrochloride derivative of II. The latter
compound was allowed to react with 1 mol of epichlo-
rohydrin to yield III.

PP–MA ester of (2-hydroxylpropyl)ammonium
chloride

The PP–MA graft copolymers with different graft yields
were allowed to react with (3-chloro-2-hydroxylpro-
pyl)amine to introduce quaternary ammonium groups
into PP according to the reactions shown in Scheme 3.

Reaction of PP–MA grafts with the cationic agents

Condensation of MA grafts with different cationic
agents (Table II) proved that the N,N‘-bis(3-chloro-2-
hydroxylpropyl)tetramethylethylene diammonium
dichloride (VA) and (3-chloro-2-hydroxylpropyl)tri-
ethyl ammonium chloride (IVA) were the most active
agents because their reactions were 61.2 and 57.7%
complete, respectively. The (3-chloro-2-hydroxylpro-
pyl)dioctylmethyl ammonium chloride (IVB) reaction
was 41.96% complete. The reactivities of cationic
agents with the MA graft were of the following order
(Table II): VA � IVA � IVB � VB � VC � VD.

The resulting textiles are amphoteric because of the
presence of both cationic groups, resulting from the
amine added to the PP–MA graft, and the presence of
anionic groups, from the MA that did not graft to the PP
fabric.

Scheme 3 Synthesis of IVand V.

TABLE II
Reaction Completion for PP–MA–Ester Condensates

PP–MA
Graft % PP–MA–Ester–AHE Condensate

Weight Increase
by Cationic
Agent, %

Reaction
Completion

%

53.5 PP–MA–ester(2-hydroxylpropyl)triethyl ammonium chloride (IVA) 26.2 57.7
61.4 PP–MA–ester(2-hydroxylpropyl)dioctylmethyl ammonium chloride(IVB) 27.5 41.95
60.04 PP–MA–ester bis(2-hydroxylpropyl)tetramethylethylene diamine dichloride (VA) 22.16 61.2
21.5 PP–MA–ester bis(2-hydroxylpropyl)ethylene diamine dichloride (VB) 12.31 37.86
15 PP–MA–ester(2-hydroxylpropyl)cetyl-tetramethylethylene diamine dichloride (VC) 6.3 8.4
16.1 PP–MA–ester(2-hydroxylpropyl)cetyl-ethylene diamine dichloride (VD) 5.8 8.9
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Infrared microscopic analysis

The IR14 spectra of PP, PP–MA graft fabric, and
PP–MA ester AHE condensates of IVA are shown in
Figures 1a–1c, respectively. Pure PP shows absorption
bands at 2700–3000 cm�1, arising from the C—H
stretching of CH, CH2, and CH3, and at 1500–1400
cm�1, due to CH2 scissors deformation and CH3 asym-
metric deformation.

The multiple weak bands due to the CH3 wagging
vibration of a normal hydrocarbon chain are at 1340–
1190 cm�1. New bands that characterize PP–MA or
PP–MA–ester–AHE condensates of fabric IVA (Fig.1b
and 1c) appeared as follows: (1) The IR spectra of graft
PP–MA shows a broad OH stretch band at 3200–3600
cm�1, a CAO stretch of the carboxylic group at 1720
cm�1, and a C—O stretch at 1250 cm�1, indicating that
MA was incorporated as a graft into PP. (2) The PP–
MA–ester–AHE condensates of fabric IVA result in
some major changes, with the appearance of a twin
peak at 1720–1740 cm�1, which is attributed to the
carbonyl group of the ester. The carboxylate ion group
shows a strong asymmetric absorption band near 1620
cm�1 and a weaker symmetric band near 1400 cm�1.
An absorption band for CH2—N is at 1470–1490 cm�1,
confirming the condensation of the quaternary ammo-
nium salt with MA. The peaks in the region 1000–1220
cm�1 are due to two asymmetric coupled vibrations,
such as C—C(AO)—O and O—C—C for the ester
group. Also, at the same regions of 1220 and 1050
cm�1 are due to the secondary alcohol and N-alkyl
group of the quaternary salt, respectively. The band at
800 cm�1 is due to the N�—C stretching vibration

(asymmetric peak) of cationic PP, which confirms the
presence of a quaternary ammonium salt group.

Scanning electron microscopy

The scanning electron micrographs (SEM) showed a
marked change compared with the original ungrafted
fabric (Fig. 2). Extensive fractures are seen along the
fabric, which provide more surface area for the fabric,
thus increasing the amount of amine condensates.
Some fragments branching from the main fabric (Fig.
2, VA) and a heavy spongy structure resulting from
the grafting of MA and amine condensate (Fig. 2, VC)
are also revealed.

Figure 2 Scanning electron photomicrograph (1000�) of
(a) original PP fabric, (b) PP–MA–AHE condensate (VA),
and (c) PP–MA–AHE condensate (VC).

Figure 1 Infrared spectra of (a) PP fabric, (b) PP–MA
grafted (38%), and (c) PP–MA–ester–AHE condensate
(IVA).
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Elemental microanalysis

The nitrogen content of PP–MA–ester AHE fabric,
shown in Table III for some chosen fabric samples
(Table II), is in the range 1.55–2.4%, thus conforming
the condensation of the cationic amine agents onto
PP–MA.

The authors are grateful for the grant and award from the
Nato Science Programme (PST, CLG 978572).
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Nitrogen content of PP–MA–Ester–AHE Condensates

PP–MA–Ester–AHE Condensate Nitrogen, %

PP–MA–ester(2-hydroxylpropyl)triethyl ammonium chloride (IVA) 2.17
PP–MA–ester(2-hydroxylpropyl)dioctylmethyl ammonium chloride (IVB) 1.55
PP–MA–ester bis(2-hydroxylpropyl)tetramethylethylene diamine dichloride (VA) 2.4
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