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ABSTRACT

A novel reusable sorbent (PET-g-LA) based on lauryl acrylate (LA) monomer and polyester
(PET) non-woven matrix was developed by ultraviolet irradiation method, which fully took
the advantages of both PET non-woven and acrylate resins to overcome each shortcoming
when used alone in oil recovery. The optimum grafting degree was obtained with a mono-
mer concentration of 10% and an iniferter concentration of 1.25%. The PET-g-LA showed a
maximum sorption capacity of 17.38 g/g for diesel, while the sorption capacity of the origi-
nal PET was only 6.89 g/g. In addition, the sorption capacity of PET-g-LA with a grafting
degree of 25.22% was maintained above 85% of its initial sorption capacity after being
regenerated 10 times, which showed a high performance as an economically competitive
and environmentally friendly sorbent for the removal of oil from water body.
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1. Introduction

Oil is a rather stable compound in water, and its
hydrolysis half-life is estimated to be about several
decades. Nowadays, with frequent and massive oil
spill accidents, ocean ecology and the natural environ-
ment are becoming seriously damaged. Even a minor-
scale oil spill accident contributes to an undesirable
taste and odor to drinking water, which causes irre-
versible environmental problems [1,2].

Treatment of oil spills before effluent disposal
remains a challenge to environmental scientists and
technologists. Therefore, it is important to establish
and develop new techniques for oil removal from the
spilled sites in order to apply appropriate procedure
to clean up. Among all the existing techniques used
for combating oil spills, quick recovery by sorbent is
one of the most important countermeasures in oil-spill
response [3–5]. The use of sorbent for oil removal is
attractive principally due to its ability to transform
spilled oil in the liquid phase into solid or semi-solid
phase. Once this change is achieved, the recovery of
the spilled oil is not difficult [6–8].*Corresponding author.
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The preferable sorbent materials are those that,
besides being inexpensive and readily available, dem-
onstrate fast oil sorption rate, high oil sorption capac-
ity, low water pickup, high oil retention capacity
during transfer, and high recovery of the sorbed oil
with simple methods and good reusability. Various
sorbents have been studied for this purpose at present,
most of the commercially available oil sorbents are
synthetic products such as high-sorption acrylate
resin, which were prepared by radical suspension
copolymerization of acrylate monomer, giving them
good flexibility, sorption properties, and retention per-
formance [9–11]. However, their small specific areas,
long adsorption equilibrium times (6–8 h), difficult
recycling characteristics, and certain aspects of their
morphologies have become obstacles for the further
application of acrylate resins, and they are usually
burnt after one use.

Recently, an estimate of about 800 million tonnes
polyester (PET) products are discarded as industrial
wastes in China and the PET waste can be obtained as
a low-cost material and made into non-woven by tra-
ditional spinning methods. It is well established that
PET non-woven has a quicker saturation-sorption rate
and an excellent sorption selectivity when being
applied on oil-over-water baths. The flimsy character-
istic of non-woven polypropylene has restricted its
applications, especially influenced its oil sorption
capability. However, due to the PET monofilament’s
excellent physical performance, the non-woven PET
has high sorption efficiency. On the other hand, the
sorbed oil recovery can be recovered through simple
squeezing. However, the PET is not always ideal,
though the PET non-woven are of considerable impor-
tance for quick cleaning up, but the inadequate sorp-
tion capacity, low retention performance, high
hydroscopicity, and poor reusability may limit their
application after several sorption–regeneration cycles.
Furthermore, the density of PET is 1.38 g/cm3 on aver-
age, which is higher than water and will not float in
water, which limit their application in spill treatment
and might cause secondary pollution.

Nowadays, much attention has been paid to the
technique of graft polymerization on polymeric
matrixes to prepare polymeric sorbent, the technique
usually can enhance sorption efficiency of the sorbents
[11]. In this research, the direct radiation grafting tech-
nique was used to graft lauryl acrylate (LA) monomer
onto PET non-woven matrixes. The PET non-woven
used in this article is a familiar material in industry,
and made from recycled plastic bottles. It is much less
expensive than polypropylene. The optimum grafting

conditions at which the grafting process proceeds
extensively and homogeneously were investigated.
The sorption properties of PET matrix increased sig-
nificantly as a result of graft modification, which
exhibited a fast sorption rate, high sorption capacity,
good retention characteristic, and excellent reusability.
It presents the advantages of simple operation, easy to
maintain and low cost, which makes its use very eco-
nomical and thus a green process with potential use
in a real spillage treatment plant [8].

2. Experimental

2.1. Materials

The PET non-woven was offered by Tianjin Poly-
technic University (Tianjin, China). LA (purity ≥ 99%)
was purchased from Zibo Haipeng Fine Chemical Co.,
Ltd. (Shandong, China). Diesel was obtained from the
Sheng Da Chemical Reagent Co., Ltd. (Tianjin, China),
whose properties were presented in Table 1. Photosen-
sitizer benzophenone (BP, purity ≥ 98%) was obtained
from Tianyi Chemical Reagent Institute Co., Ltd.
(Tianjin, China). All of the other chemicals including
isopropanol and ethanol were of analytical grade and
purchased from Tianjin Kermel Chemical Reagent Co.,
Ltd. (Tianjin, China). All reagents and solvents were
used as received.

2.2. Preparation of PET-g-LA

The procedure for the preparation of PET-g-LA is
as follows:

(1) Pretreatment: The PET was firstly immersed
into the ultra-pure water for 24 h to remove
the impurities. After drying in the oven, they
were in a Pyrex polyethylene bag with the
thickness of 2mm was used as a matrix for
the grafting reaction.

(2) Grafting step: The pretreated PET samples
were then put into the monomer of LA graft-
ing solution for the grafting reaction by ultra-
violet (UV) irradiation. Isopropanol/water
solution (if there is no special explanation,
the proportion of isopropanol/water is 1:4) as
solvent was added first, followed by prede-
termined concentration of LA monomer, and
the oxygen was purged by bubbling nitrogen
for 5min. After grafting, the achieved PET-g-
LA samples were extracted with ethanol. UV
radiation with a wavelength of 312 nm was
adopted to initiate the graft polymerization.
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The grafting degree (DG) was calculated by the fol-
lowing equation:

DG ð%Þ ¼ ½ðW1 �W0Þ=W0� � 100% (1)

where W0 and W1 are the weights of PET non-woven
before and after graft polymerization, respectively. All
the results were the average of five parallel experi-
ments [11,12,17].

The grafting conditions are shown in Table 2.

2.3. Characterization of PET-g-LA

The surface morphology was analyzed using scan-
ning electron microscope (QUANTA 200, FEI). The
contact angle measurements were performed on Cam
100 optical angel meter (YH-168A instruments Ltd,
Japan). The measurement was repeated five times and
the mean value was calculated. A SANS CMT-4503
tensile tester (MTS systems Co., Ltd, China) was used
to measure mechanical properties of the studied modi-
fication fibers. Tensile measurement was performed
using a strain gage extensometer (gauge length:
20mm) tested up to breaking at the crosshead speed
of 7.5 mm=min (measurements were repeated ten
times to calculate the mean value). All tests were
carried out at 25˚C, 65% RH.

2.4. Sorption test of PET-g-LA

The sorption experiment was aimed at investigat-
ing the sorption capacity of PET-g-LA for oil spilled
on water under a certain condition. 10mL of the test
diesel oil was poured onto 80mL of water in a series
of glass beakers. After attaining a steady state
condition (30min), 0.5 g sorbent (original PET or PET-
g-LA) was evenly spread over the entire oil liquid

surface in each beaker. The sample were removed
after continuous sorption for 5 s, and placed on the
top of a filter allowing drainage for 5min before
weighing. All tests were carried out at room tempera-
ture. The above measurements were repeated for five
times [8].

The oil-sorption capacity of PET-g-LA (W, g/g)
was calculated as follows:

Wð%Þ ¼ ðG1 � G0Þ =G0 � 100% (2)

where G0 and G1 represent the weights of the dried
sorbent sample and the sample sorbed oil,
respectively.

2.5. Retention capacity and reusability of PET-g-LA

In order to investigate the oil retention capacity of
original PET or PET-g-LA, the sorbent after weighing
was hung on a digital balance, whereupon the sorbed
oil began to drip from the sorbents [6–8]. The sorbent
samples were recorded after 1–60min. The dynamic
retention capacity was also evaluated as follows:

Dynamic retention capacity ¼ Wt¼i =Wt¼1 � 100% (3)

where Wt=1 is the weight of oil bath (g) at 1min
dripping, Wt=i is the weight of oil bath (g) at t min
dripping, i = 2, 3, 4, ....

The reusability efficiencies of the original PET or
PET-g-LA were determined after repeated sorption–
regeneration cycles. Ten cycles of the sorption process
were performed for each sample. Between each cycle,
the material was squeezed and weighed again. The
weight of the squeezed material was used as the ini-
tial weight of the sorbent in each subsequent sorption
cycle [6–8].

Table 1
Properties of diesel

Oil type Density (g/cm3) Viscosity (cP) Content of water (w%)

Weight losing (%)

After 24 h (w%) After 48 h (w%)

Diesel 0.843 4.50 ≤0.05 0.21 0.34

Table 2
The recipe for preparation of PET-g-LA

LA concentration (v/v) Irradiation time (min) Iniferter concentration (wt.%)

Typical recipe 10 30 1.25
Parameters 1–20 0–30 0.25–1.75
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3. Results and discussion

3.1. Graft polymerization and characterization of PET-g-LA

The degree of LA grafting on PET non-woven at
different monomer concentration as a function of
irradiation time is given in Fig. 1. It could be seen
that the degree of grafting increases with increasing
irradiation time. As UV irradiation time increased,
there were more active sites excited on the PET
matrix and much more monomers accessible to the
surface radicals, resulted in the increase of grafting
degree [11–13]. However, with the irradiation time
prolonged, the consumption of initiator and mono-
mer lead to an asymptotic saturation of the grafting
degree. Thus, the irradiation time was set as 30min
in the following experiments. The grafting degree of
PET non-woven increased nearly proportional with
an increase in the monomer concentration up to 10%
and then declined. This trend is believed to be
related to higher concentrations of monomer avail-
able to react with the active sites on irradiated PET
matrix, so that a higher grafting degree was
achieved with the increase in monomer concentra-
tion. Furthermore, the grafting degree inclined to
level off at higher concentration which can be due to
the homopolymerization of LA monomer [9]. In fact,
the grafting is controlled by a cumulative effect
of the monomer diffusion within the polymer matrix,
termination of the growing polymer chains, and the
deactivation of the primary radicals. If the surface of
PET matrix was covered with the homopolymer, the
diffusion of monomer into the inner area was hin-
dered, resulting in the decrease of grafting degree
with the sequent increase of monomer concentration
[12–14].

Fig. 2 shows the effect of iniferter concentration on
the degree of grafting. In this case, iniferter acts not
only as an initiator but also as a terminator. This trend
can be attributed to the iniferter as it decomposes to
give two different radicals with very different proper-
ties, one is able to initiate polymerization and the
other is stable but capable of terminating the growing
polymer chains by recombination. With the increasing
of iniferter concentration in the region of low concen-
tration (≤1.25 wt.%), the radicals which derived from
the alkyl group have a very high activity and can initi-
ate polymerization simultaneously, the grafting degree
of PET non-woven increased from 0 to 25.22% with
the iniferter concentration continuously increasing
from 0 to 1.25%. However, when the iniferter concen-
tration is over the concentration of 1.25%, the other
radicals derived from the sulfur centered is a much
less activity, which does not react with monomers and
would terminate the graft polymerization reaction, the
grafting degree of LA decreased. From the above men-
tioned results, it could be concluded that the use of an
iniferter concentration of 1.25% in this case has some-
how a maximum accelerative effect on the grafting
onto PET matrix [13–16].

In order to further determine the morphology of
the surface characteristics of original PET matrix after
graft modification, SEM observation were conducted.
A considerable difference between original PET and
PET-g-LA is observed in SEM observation. Fig. 3(A)
and (B) suggested that a heterogeneous grafting layer
structure was formed on the PET matrix surface ran-
domly after graft polymerization, making the smooth
surface of original PET became rougher obviously.

As shown in Fig. 4, the contact angle of the PET
matrix increased with the subsequent increase of the

Fig. 1. The relationship between the monomer concentra-
tion and grafting degree, following different irradiation
time.

Fig. 2. The relationship between the iniferter concentration
and grafting degree.
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grafting degree. Water contact angle of PET-g-LA
exhibited an increase from 65.50 to 122.38˚ with the
grafting degree increasing from 0 to 15.54%, which
indicated that the hydrophobicity of original PET
matrix surface was greatly improved after graft poly-
merization. It could therefore be hypothesized that the
enhancement in hydrophobicity greatly improved the
affinity between PET-g-LA and spilled oil.

3.2. Sorption capacity of PET-g-LA

As shown in Figs. 5 and 6, when being applied on
oil-over-water baths, the PET-g-LA exhibited a quick
saturation-sorption rate for the oils over the water;
almost all the spilled oil could be removed in 5 s and
only an invisible oil slick on water is left, which indi-
cated the PET-g-LA still reserved the fast sorption rate
of original PET and exhibited a high selectivity of oil
over water. Furthermore, its ability to float on the

water surface after sorption was important precondi-
tions for an efficient oil sorbent [18,19].

In addition, it showed that the oil-sorption capacity
was increased with the increasing of the grafting
degree. It is well known that acrylate is a versatile
monomer with unique chemistry, and the acrylate
monomers with a long-chain ester group have a good

Fig. 3. SEM micrographs of (A) original PET non-woven and (B) PET-g-LA.

Fig. 4. Water contact angle of original PET and PET-g-LA
with different grafting degree.

Fig. 5. Cleanup of diesel oil film on water by the obtained
PET-g-LA sorbent. (A) original PET; (B) PET-g-LA; (C)
before Cleanup; (D) cleanup by PET-g-LA after 5 s.
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affinity to oil. When contact with grafted PET, oil was
first coating with the Van der Walls forces and hydro-
phobic interactions between oil and PET-g-LA grafted
surface. When the grafting degree of PET-g-LA was
25.22%, the oil-sorption capacity reached a maximum
value of 17.38 g/g which was 2.52 times as that of the
original PET, which indicates that the sorption perfor-
mance of original PET non-woven was significantly
improved.

3.3. Retention characteristic of PET-g-LA

The oil retention capacity during field application,
transfer, and handling operation is an important
parameter for PET-based sorbent evaluation. The
dynamic oil retention was measured by allowing the
oil to drip from the sorbent for a specified duration.
As shown in Fig. 7, the amount of oil retained on ori-
ginal PET was about 28–36%, while those of PET-g-LA
was more than 54–72%. The enhanced hydrophobicity
improved the compatibility between the PET non-
woven and the oil, which may increase the interaction
between them. Subsequently, it stabilized the liquid
bridges between non-woven individual fibers and oil,
and more oil was retained within the modification
PET. When the grafting degree increased to a certain
value, the capillary pressure would become the pre-
dominant force that hold up the oil within PET-g-LA.
Therefore, the oil retention capacity of the original
PET was improved after graft polymerization and
prevented the leak of oil in practice [20,21].

3.4. Reusability of PET-g-LA

As shown in Fig. 8, the reusability of original PET
was very poor. The oil-sorption capacity of original

PET was maintained only about 39.4% for diesel. The
poor of physical properties and irreversible deforma-
tion of the original PET matrix was believed to be one
of the main factors. When the original PET was regen-
erated by squeeze, the structures were destroyed and
lost its puffiness, the interfiber pores may not be
achieved immediately when the sorbents were subse-
quently soaked into aqueous solution. In addition, the
residual oil trapped in the interfiber pores was also
contributed to the decrease of sorption capacity
[22,23].

Compared to the original PET, it can be seen that
the reusability of PET-g-LA was improved signifi-
cantly after graft modification. The PET-g-LA after

Fig. 6. The sorption capacity of PET-g-LA for water with
different grafting degree.

Fig. 7. The percentage of dynamic oil retention of original
PET and PET-g-LA with a grafting degree of 20.55% for
diesel.

Fig. 8. Reusability of original PET and PET-g-LA with a
grafting degree of 20.55% during 10th sorption cycles for
diesel.
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being regenerated 10 times was still able to maintain
its initial sorption capacity about 80% for diesel oil.
This trend may be resulted from the following two
aspects: (a) a litter energy was absorbed by PET
matrix by UV irradiation; (b) LA grafted onto the sur-
face of PET helped the original PET substrate main-
tained its elasticity and capillary, which can be of
large help to the tensile strength of the PET. As a
result, the physical properties did not change signifi-
cantly in spill cleanup, thus prolonging the lifetime of
PET-g-LA.

4. Conclusions

In this study, we investigated the utilization of
modification PET waste as a low-cost sorbent for the
removal of oil from water. The novel polymeric of
PET-g-LA obtained after modifying PET matrix using
UV irradiation method. The grafting degree could be
controlled by adjusting the irradiation time and the
monomer concentration. The achieved PET-g-LA
retained the advantages of both PET and acrylate resin
to overcome the shortcomings of each used alone,
which exhibited a quicker sorption rate, higher sorp-
tion capacity, good retention behavior, and excellent
reusability, which made it feasible for the treatment of
large-scale oil spilling.
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