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ABSTRACT : To modify the hydrophobic property of poly (ethylene terephthalate)
(PET) fiber such hydrophilic monomers as acrylic acid (AA), methacrylic acid(MAA),
and AA/MAA mixture were grafted to PET. The grafting reactivity of commercial
PET fiber was improved by swelling the fiber with 1,1,2,2-tetrachlorcethane. Benzoyl
peroxide (BPO) was the initator for the two-step grafting. The first step was the pre-
treatment of PET with an emulsion of BPO and the second was the grafting of the
pretreated PET in an aqueous monomer solution containing cupric sulfate as a homopoly-
merization inhibitor. Diffusion of BPO! into PET and decomposition of BPO during

the pretreatment showed an opposite effect on the generation of the active species for

406 Polymer (Korea) Vol. 6, No. 6, December 1982



Poly (ethylene terephthalate)e] =& 344 Monomers] 22}A] Grafting

grafting, and so the conditions of pretreatment on grafting was emphasized on these

effects. The mixture of AA and MAA gave a higher grafting yield than each monomer

alone, giving the maximum yield at the mole ratio of 2/3 in AA/MAA. The grafting

improved the moisture retention and dyeability of PET fibers.

INTRODUCTION

The chemical modification of poly (ethylene
terephthalate) (PET) fibers through grafting
with various vinyl monomers has attracted a
considerable attention to improve the properties
of PET fibers. Generally PET has strong physi-
cal and chemical resistance and is not decom-
posed by micro-organisms due mainly to their
highly crystalline and chemically inert nature.
In particular, PET is neither easily penetrated
by dyes of large molecular weights nor com-
bined with ionic dyes! 23,

The strength is one of the most important
characteristics of the fibers. The fiber strength
has an infuluence on the strength of yarn or
fabrics as well as such fabric characteristicsas
crease and the sense of touch.

Some desirable properties of improved mois-
ture regain, better dyeability and antistatic pro-
perty could be imparted by grafting PET with
acrylic acid and methacrylic acid3-10,161819),
vinyl pyridinet%1, acrylamide’, and acryloni-
trile% 71, Grafting can be done by either radi-
ation or chemical means. Such ionizing radia-
tion of PET as 7-rays from a 60 Co source
3,5,6,8,10,12~18  X.rays!?, or high energy electr-
ons from acceleratorst®1%18,10 generates radi-
cals, one of which was-CO-C4H-COO-CHCH,-via
ESR study?0’. The radical provides the site for
monomerreac-tion to form short chains. Similar
PET radicals could be obtained at an elevated
temperature in the presence of benzoyl peroxi-
de 137910 hydrogen peroxidell, or ceric ion
5, Grafting can be accomplished either by the
direct irradiation of fiber with monomer or by
the stepwise reaction of radical creation and the
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monomer addition3, In both radiation and che-
mical method for grafting, homopolymerization
of vinyl monomers is suppressed by sutable ad-
ditivess21~24,

A loose packing of chains is favored for the
grafting due to easy accessibility of monomers
for grafting. Swelling of fiber could be a way
to allow monomers to easily diffuse into free-
radical sites on the fiber2s,

EXPERIMENTAL

Materials

PET fiber samples (1.4d, degree of crystall-
inity 51, 15%) were treated with methanol for
24hours to remove the oily impurities on the
surface of fiber and then rinsed with hot water
for lhour, and dried at room temperature. Ac-
rylic acid(AA) and methacrylic acid (MAA)
were freshly distilled. Benzoyl peroxide (BPO)
was purified via recrystallization.

Swelling

The PET fibers were treated with 1,1,2, 2-
tetrachloroethane as a swelling agent to incre-
ase the reactivity as follows: A PET fiber sam-
ple(0.3g) was placed into a 50mi-stoppered
conical flask containing the swelling agent
(6m!). The flask was immediately stoppered
and placed in a water bath for a certain time
period at the desired temperature. The contents
were stirred on a shaker. The swelling agent
was removed by treatment with warm methan-
ol, and then with boiling water. The swollen

samples were then used for pretreatment.
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Pretreatment

The BPO emulsion was prepared in the ratio
1:8:2:1000 of BPO: monochlorobenzene: Tween
80: water, by weight. Tween 80 was added as
an emulsifier. The swollen sample was intro-
duced into a 50ml-stoppered conical flask conta-
ining 20m/ of BPO emulsion. The flask was
stoppered and placed in a water bath for a cer-
tain time period at the desired temperature.
The contents were stirred on a shaker. After
draining the excess emulsion solution by a cen-

trifuge, the pretreated sample was obtained.

Grafting

A monomer solution was consisted of AA(or
MAA, the mixture of the two), cupric sulfate
as a homopolymerization inhibitor and water.
The pretreated PET was introduced into a 50m/-
stoppered conical flask containing 20m! of the
aqueous monomer solution. The flask was stop-
pered and placed in a water bath for a certain
time period at the desired temperature. The
<ontents were stirred on a shaker. The by-pro-
duct homopolymer was removed by rinsing with
boiling water for 5 hours, and the grafted PET
fiber was dried and weighed. The percent yield
of grafting was calculated as follows:

dry weight of grafted PET-
dry weight of

% graft yield=

dry weight of original PET
original PET X100

Determination of moisture regain(M.R.)

The samples were dried in an oven at 110°C
for 1.5 hours and weighed. They were then
conditioned at 65% R.H. and 20°C for 72 hours
and weighed.

weight of the conditioned
weight of the

M. R.(%)=

sample—weight of the dried sample %100
dried sample
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Dyeing and determination of dye content

Dyeing of the PET fiber with basic dye of
Malechite Green was carried out from 40°C to
98°C by a gradual increase for a period of 40
minutes. Then the dyeing was continued at 98°C
for 40 minutes.

The dye content of a dyed fiber was determi-
ned by extracting the dye from a known amount
of the fiber with DMF containing 0.4 mole of
ZnCl,, 8m! of conc. HCI, and 20g of hydroquin-
one in a liter. The extract was made up to a
known volume, and the optical density was
measured using a double beam spectrophotome-
ter to determine the dye content of the dyed
fiber. The standard solutions for the measure-
ments of optical density were prepared with
identical solvent and dye.

Determination of fiber strength

The strength of the original PET fiber and
the grafted PET fiber was measured by a Pre-
ssley Strength Tester. The specific strength
was determined from Pressley index(PI)

Specific strength (g/den.)=0. 595 x PI

RESULTS AND DISCUSSION

The PET fibers pretreated in the present
investigation consisted of long chain molecules
which are rather irregularly distributed in a
single filament and the grafting becomes favo-
red. In other words, the PET fibers used possess
higher portion of accessible domains improving
the susceptibility toward grafting monomers.

The graph of swelling time vs. graft yield
at various temperatures are shown in Fig.1.
From Fig.1 it is apparent that the swelling of
PET fibers makes the grafting more effective.
Since it has been believed that the formation
of radicals is confined to the amorphous part
of PET?, the swelling increases the degree of
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Figure 1. Relation between swelling time and
grafting of AA/MAA onto PET at
various temperature.

Pretreatment : emulsion (BPO/MCB/Tween 80/wa
ter=1/8/2/1000, by weight), lhr
at 70°C.

Grafting : AA/MAA(50/50 by vol.) 102 aqueous

solution containing 0.04mmol/l of Cu
So,, 2hr at 80°C,

freedom in chain motion at least in the amorph-
ous region of PET, causing easy diffusion of
monomer.

The amount of active species generated on
PET fibers affects directly on the efficiency
of grafting, and is determined from the diffus-
ion rate of BPO into PET and the thermal
decomposition rate of BPO or radicals”

BPO is decomposed to primary free-radical spe-
cies (CHC,00.) or secondary free-radical spe-
cies (CgH;-). These free radicals may partici-
pate in! (a) abstracting hydrogen atoms direc-
tly from the PET backbone to yield PET radi-
cals capable of initiating the grafting reaction;
(b) terminating growing polymer chains; (¢)
combining the other free-radical species, in par-
ticular, the secondary free-radical species; and
(d) terminating the PET radicals. When(a) is
predominant over the combined reactions of (b),
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Figure 2. Relation bstween time of pretreatme-
nt and grafting of AA/MAA onto
PET at various temperature.

Swelling ® 1,1, 2, 2-tetrachloroethane, 1. 5hr
70°C.

Grafting : AA/MAA(50/50 by vol.) 10% aqueous
solution containing 0.04mmol/1 of Cu-
SO,, 2hr at 80°C.

at

(c), and (d), the graft yield will increase. It
is known that the active species introduced from
the pretreatment by BPO emulsion is not the
radical but BPO itself entrapped in PET fibers".

Figure 2 shows that the higher temperature
gives the faster and the hgiher maximum graft
yield. The decomposition rate and the diffusion
rate of BPO are also accelerated at the higher
temperatures.

The effect of BPO concentration on graft
yield is shown in Fig. 3. The increase in the
BPO concentration up to 4,0x10-3 mole/1 is
accompanied by a rapid increase in graft yield.
It suggests that only the BPO entrapped in PET
fiber can be used for active species for grafting.
Above the concentration of 4.0x10-2mole/1,
PET fiber may be saturated with BPO.

The effect of grafting temperature and time
on graft yield is shown in Fig.4. The increase
in grafting for the higher temperature can be
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Figure 3. Relation between concentration of in-
itiator and graft yield.
Swelling : 1,1,2, 2-tertachloroethane, 1.5hr at 70°C.
Pretreatment : 1hr at 80°C.
Grafting : AA/MAA (50/50 by vol.) 10% aqueous
solution containing 0.04 mmol/1 of Cu
SO,, 2hr at 80°C.

interpreted by (a) faster BPO decomposition
rate;(b) increased swelling of PET fibers and
mobility of monomer molecules, both of them
are the main controlling factors in monomer
diffusion in the aqueous phase;(c) possible rea-
ction between growing homopolymer chains with
the PET and the PET radicals; and (d) incre-
ased initiation and propagation rate for graf-
ting. The saturation graft yield was observed
at all temperatures after a certain period. This
means the depletion in monomer as well as the
decrease in the available sites for grafting on
the PET backbone as the reaction proceeds. In
addition, it seems that large amount of grafted
PET formed in the initial stage of the reaction
retards the diffusion of monomer and initiator.

Figures 5 and 6 show the effect of monomer
concentration and mixing ratio of AA/MAA
on graft yield, respectively. As shown in Fig.5
MAA gives higher yield than AA, and the
mixture of AA and MAA gives even higher
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Figure 4. Relation between grafting time and

graft yield at various temperature.

Swelling : 1, 1,2,2-tetrachloroethane, 1.5hr at
70°C. .

Pretreatment : emulsion (BPO/MCB/Tween 80/w
ater=1/8/2/1000, by weight), lhr at
80°C. :

Grafting : AA/MAA(50/50 by vol.) 10% aqueous
solution containing 0. 04mmol /1 ofCuSo,.

‘yield than MAA. Although the graft yield va-
ries with mixing ratio of two monomers, Fig.6
gives the maximum graft yield at 2/3 in AA/
MAA mole ratio. In the case of monomer wh-
ich propagates fast, the consumption of the
monomer is increased due to fast homopolymer-
ization and so diffusion of the monomer into
PET fiber is insufficient, resulting in decrease
of graft yield. Since grafting is dominated by
the diffusion of monomer into PET fiber, the
monomer which diffuses into PET fiber more-
easily is grafted preferentially at the initial
stage of grefting in the case of mixed monomer.
Therefore, it seems that the grafted PET sho-
ws an enhanced affinity toward the other mo-
nomer and makes the monomer diffuse into
PET fibers more easily™.

Figure 5 shows that the graft yield increases
with monomer concentration up to about 10¢
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Figure 5. Relation between concentration of mo-
nomer and graft yield.
Swelling : 1, 1, 2, 2-tetrachloroethane,1.5hr at 70°C.
Pretreatment ; emulsion (BPO/MCB/Tween 80/
water=1/8/2/1000, by weight), 1
hr at 80°C.
Grafting : aqueous monomer solution containing
0.04 mmol/1 of CuSO,, 2hr at 83°C.

Yield (%)

Graft

0 . . A . .
0/10 28 4/6 6/4 8/2 10/0
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Figure 6. Relation between mixing ratio of mo-
nomers and graft yield.

Swelling : 1,1, 2, 2-tetrachloroethane,1.5hr at 70°C.

Pretreatment : emulsion(BPO/MCB/Tween80/
water=1/8/2/1000, by weight), l1hr at
80°C.

Grafting : aqueous monomer solution containing
0.04mmol/1 of CuSO,, 2hr at 88°C,
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then levels off. At high concentration, the
homopolymer, barrier for diffusion of monomer,
seems to increase and to impede the rest of
the monomer to diffuse into the fibers resulting
in lowering the graft yield.

Previous works have reported that the prese-
nce of metallic ions such as Cu?+ and Fe3* en-
hances grafting reactivity of free-radical signi-
ficantly®232¢, The initiating species in homo-
polymerization of acrylic acid is known to be-
the H-atom adduct of the monomer®s, Therefo-
re, the presence of H-atom scavengers may
inhibit the formation of initiating species for
homopolymerization. Although O, and H,0, are-
good H-atom scavengers, they also inhibit graf-
ting, perhaps due to giving species incapable of
propagating the chain. Although both Fe3* and
Cu?* inhibit homopolymerization of acrylic acid,
only the latter is effective in the case of meth-
acrylic acid®. This suggests that the addition
of H-atom to acrylic -acid is slower than scaven-
ging of H-atom by either Cu?+ or Fe3*, but the:
addition of H-atém to methécrylic acid is faster
than scavenging by Fed3*, In terms of attachm-
ent to PET fibers, Cu?* seems to bond ionically
dand it can easily be broken, whereasFed* tends
to form chelate type complex?2:-27, For this
reason, cupric sulfate was used for both AA
and MAA homopolymerization inhibitor.

Figure 7 shows the effect of cupric sulfate-
concentration on graft yield. A maximum gra-
fting is seen at the Cu?* concentration of 0, 04
m mole/1, The increase in grafting yield by
the addition of Cu?* can be ascribed to the
following two factors. First, Cu?+ accelerates
the decomposition of BPO where reaction is well
known?819, Second, Cu?* inhibits the formation
of homopolymer giving reduced monomer luss.
and easy monomer diffusion. The decrease in
graft yield for higher concentrations of cupric
sulfate suggests that Cu?*may act as a radical
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Figure 7. Relation bstween concentration of

inhibitor and graft yield.

Swelling : 1,1, 2, 2-tetrachloroethane, 1.5 hr at 70

°C.

Pretreatment ; emulsion (BPO/MCB/Tween 80/
water=1/8/2/10000, by weight),
1hr at 80°C.

Grafting : AA/MAA (50/50 by vol.) 10% aqueous

solution, 2hr at 88°C.

trap! causing radical termination.

Figure 8 shows the moisture regain of vari-
ous grafted PET fibers. The original(non-graft-
ed) PET fiber is highly hydrophobic, and the
moisture regain of the fiber is extremely low
under normal conditions, 0,37% at 20°C and
659 relative humidity.

Grafting with acrylic acid or methacrylic acid
increases hydrophilicity of the fiber by the in-
troduction of hydrophilic groups such as carboxy-
lic group into the fiber structure. The increase
in the hydrophilic nature is responsible for the
increase in moisture regain. As shown in Fig.
8, the moisture regain increases with graft
yield for all monomers tested. Because the
mixture of monomers gives higher graft yield
than each monomer alone the grafting with the
AA/MAA mixture is more effective to enhance
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Figm'e 8. Relation between moisture regain and
graft yield at 20°C, 65% R.H.
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Figure 9. Relation between the amount of dye
adsorbed and graft yield.

the moisture regain.

Figure 9 shows the dyeability of the grafted
PET fibers. The grafted PET fibers show con-
siderable uptake of basic dye giving almost
equal degree of dye content corresponding to
graft yield. It is considered that the carboxylic
group introduced on PET fiber provides the
acidic site to which the basic dye can be easily
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Figure 10. Relation between specific strength and
graft yield.
adsorbed.

Figure 10 shows the relationship between the
specific strength of the fiber and the graft
yield for AA/MAA mixture. The strength is
decreased with increasing the graft yield, due
partly to loose structure by grafting PET
fiber.
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