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The changes induced by y-ray pre-irradiated grafting of polytetrafluoroethylene (PTFE) with alkalo-
amines such as Monoethanolamine (MEA), Diethanolamine (DEA) and Methyldiethanolamine
(MDEA) solvents were investigated. Samples of the commercially available fluoropolymer, i.e. PTFE
film membranes were irradiated with 60Co source y-radiation with absorbed doses of 30 to 90 kGy.
Effects of the grafting conditions of the amines onto the pre-irradiated PTFE, such as grafting time,
reaction temperature and pre-irradiation doses on the resulting grafting yield are reported. The grafted
PTFE was characterized by the FT-IR spectroscopy and FESEM.The gravimeteric analysis showed that
the maximum grafting yield obtained is 2.9% for the 30 kGy irradiated MDEA grafted PTFE (MDEA-
g-PTFE) at 10 min grafting time. However, at 60 min grafting time the maximum grafting yield
reduced to 1.05% for the same sample. Consequently, therefore, for the low dose y-ray pre-irradiated
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samples, the effects of applied dose and grafting time were found to be remarkably insignificant.
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H1.0 INTRODUCTION

Fluoropolymers are a broad grouping of polymers with Fluorine
as the main constituent either as a single or more atoms present
with  other ~ monomers. Fluoropolymers  such  as
polytetrafluoroethylene (PTFE), Teflon AF, Perfluoroalkyoxy
(PFA) and hexafluoropropylene (FEP) are known for their
chemical stability and mechanical strength as the backbone of
such fluoropolymers are formed of extremely strong carbon-
carbon and carbon-fluorine bonds of 607 kJ/mole and 552
kJ/mole respectively [1]. This bond strength determines the
further properties of the polymer, which categorizes the material
to be the most chemically stable of all polymers. It also presents
excellent thermal resistance. PTFE among the other
fluoropolymers is regarded as the most stable fluoropolymer.

PTFE is a member of the fluoropolymer family with a
superior property such as high chemical, mechanical stability,
high resistance to plasticization, highly hydrophobic and
organophobic [2]. In addition, PTFE has shown no sign of aging
upon its application [3]. Thus, PTFE membrane has been used
for a wide applications in separation technology; For instance,
the hydrophobic property of PTFE membrane is exploited for
Membrane Distillation (MD) in a desalination plant, its thermal
resistance property for electrolyte membranes for fuel cell
applications [4, 5] for ion exchange membrane [6], bio-
compatibility property for medical applications, its permeable
properties exploited in a membrane gas contractor [3], and the
high permeability property for gas separation membrane.

The high chemical inertness of the material makes it difficult to
attempt any sort of improvement by means of chemical
reactions. This particular fact sets limits to its application as a
membrane for gas separation purposes. Modification of the
membrane is then recommended specifically by the use of
external high energy source [7]. Thus, activation of the PTFE
polymer by the use of high energy source such as y-ray radiation
or electron beam radiation will lead to the creation of active
sites and radicals [8, 9]. These active sites generated serve as
grafting centers in the membrane matrix which can possibly
accommodate the grafting of amine solvents on its membrane
matrix. Besides the generation of active sites such as radicals,
PTFE was reported to have improved its radiation resistance on
the mechanical properties by crosslinkg and grafting [2].

The radiation treatment of polymeric materials brings
change in chemical resistance, thermal stability, surface
properties and other characteristics [10]. This is caused due to
the ionizing ability of the irradiation treatment. However, the
overall change may depend upon the nature of the material, the
dose rate applied, and the energy associated with the radiation
[2, 11].

In general, radiation grafting can be carried out in either of
three different techniques: pre-irradiation, peroxidation and
mutual or simultaneous irradiation techniques [7, 12]. In the pre-
irradiation technique, the backbone of the polymer is irradiated
first in an inert gas medium or vacuum to form active sites such
as free radicals and then treated with a monomer solution that to
be grafted to [13]. In the peroxidation grafting method, the
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polymeric membrane is subjected to high energy irradiation in
the presence of air or oxygen as a result hydroperoxides or
diperoxides are formed [14]. These peroxy groups are then
treated with a monomer at high temperature to deactivate or
decompose the radicals initiating grafting. On the other hand,
with the mutual or simultaneous irradiation technique, the
polymeric membrane and monomer solution are irradiated
simultaneously to form free radicals and subsequent addition
oxidation.

In this study, as the first attempt the pre-irradiated
technique was employed to investigate the degree of grafting,
the influence of the grafting conditions such as reaction time,
reaction temperature and the applied dose during the pre-
irradiation treatment. The best technique of radiation-induced
grafting is the pre-irradiation technique. In this method, the
ionizing radiation will create excited radicals on the backbone of
the polymer. When the sample is immersed into the amine
solution, the grafting reaction is initiated. The extent of grafting
may be monitored by reaction time, radiation dose and the
composition of graft solution [6]. There is no handling of
expensive and poisonous initiators, and the monomer, which is
to be grafted, is not subjected to irradiation but only to reactive
sites on the irradiated polymer membrane. Bozzi et al. [15]
reported that the common feature of the grafted PTFE films is
the fairly homogeneous distribution of the active sites
throughout the bulk of the film.

W2.0 EXPERIMENTAL
2.1 Materials

Pristine PTFE film membranes were purchased from Merck
Millipore Co. (FGPL29325) with pore size and porosity of 0.22
pum and 70% respectively. The amine solvents such as such as
Monoethanolamine (MEA), Diethanolamine (DEA) and
Methyldiethanolamine (MDEA) were also supplied by Merck
Co. and used as received.

2.2 Grafting

The PTFE film of 127 um thickness is first pre-irradiated by
80Co source y-ray at MINTech (Malaysian Nuclear Agency),
and consequently active sites such as free radicals or ions are
generated due to the breakage of the bonds and then immersed
or soaked in pure amine solution. In order to investigate
thoroughly, the y-ray dose applied is varied throughout the
experiments, i.e., identical samples are treated with varying
doses of 30, 50,70 and 90 kGy, while all other conditions are
kept constant. Further, the samples are immersed in a sufficient
amount of pure amine solvents for identical reaction time and
grafting temperature. Again during the grafting step, it’s crucial
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to determine which amine group has the highest affinity to
attach itself to the activated PTFE film which can possibly result
in appreciable grafting yield. Since the three selected amines
belong to different classes of amine functional group, such as
primary, secondary and tertiary amine groups, these amines are
expected to react differently leading to different values of
grafting yield. The extent of grafting yield may differ, but the
same functional group (-NH) is expected to react with the active
sites within the membrane matrix. The immersed PTFE films
are removed after the required time and drying in a vacuum
dryer for 24 hours, until the material gives constant weight. The
grafting step of the PTFE membrane is shown in Figure 1.

The Degree of Grafting (DOG) was determined by the
simple method of gravimetric analysis computing the increase in
weight of the membrane before and after grafting which is given
according to the following equation:

w, —w
DOG (%)= —5—2 %100
W 0 (1)

where wg and wo are sample weights after and before grafting,
respectively [16, 17].

2.3 Characterization

The pristine and grafted PTFE membrane were characterized by
the Field Emission Scanning Microscope VP-FESEM (Model
SUPRA 55VPCarl Zeiss AG, Germany) for the study of the
surface  morphology, and Fourier  Transform-Infrared
Spectroscopy FT-IR (Model Spectrum One/BX, Perkin Elmer
Inc.) to determine the constituents composition of the polymeric
membrane material. The characterization tests were performed
on the given pristine and grafted PTFE membrane samples.
FESEM can also quantify the constituent members of the
polymeric material and determine their atomic and weight
percent, based on the characteristic X-rays generated, which will
in turn gives information about the surface structure and
morphology of the sample material. The characteristic X-ray
generated are used for identification of different elements
present in the specimen by energy dispersive spectrometer
(EDS), which is an integeral part of the FESEM used. Images of
high magnification and ultra high resolution can be produced at
different sample points. For more precise determination of the
constituent present within the polymeric membrane material,
FT-IR were also used as characterization tool, which uses
infrared portion of the electromagnetic spectrum to characterize
the material as molecules absorb specific IR frequencies that
exactly match the frequency of the chemical bonds present in
the molecular structure. The data processing technique (Fourier
Transform) converts the raw data into FTIR spectrum.

F N F (1) MEA-g-PTFE

> |1 1] || @ oeagrrre

(3) MDEA-g-PTFE
(c)

Figure 1 Grafting steps: (a) The grafting of y-ray irradiated PTFE film, (b) and (c) amine
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3.0 RESULTS AND DISCUSSION
3.1 Establishing Exudation Technique

The pristine PTFE film membrane was first characterized using
Field Emission Scanning Electron Microscope (FESEM) and
Fourier Transform-Infrared spectroscopy (FT-IR), to confirm
and set the basis for comparison. The grafting of y-ray pre-
irradiated PTFE with amine solvents such as MEA, DEA and
MDEA, conducted by immersion of y-ray pre-irradiated samples
in amine solutions at 80°C. However, the grafting reaction time
was varied to study the effect of time on the grafting yield i.e. at
10 min and at 60 min. The grafted samples with 30 kGy
irradiated dose were also characterized by FESEM and FT-IR to
visualize the changes brought by the y-ray irradiation and
subsequent grafting.

3.2 FESEM Analysis

The Scanning Electron Microscope (SEM) images for pristine
and grafted PTFE is presented in Figure 2 and Figure 3
respectively. As it can be observed that the pristine PTFE is
composed of thin interconnected fibrils, joining at the node
points. These thin fibrils are arranged in an irregular fashion
leading to high porosity. These fibrils are generated due to the
stretching procedure applied during the casting operation; the
length and direction of the fibrils relate to the magnitude and
direction of applied force during the stretching operation of
membrane casting [18].

@ (b)
Figure 2 SEM images for pristine PTFE film membrane (a) 1.0 KX and
(b) 5.0 KX magnifications

The y-ray irradiated with 30 kGy dose and grafted
membranes were also characterized by the field emission SEM,
for which their respective SEM images are shown in Figure 3.
Comparing these images of grafted PTFE with pristine PTFE
images, we can observe there are changes in size at the node
points, breakdown of some thin fibrils as shown in Figure 3(b).
This can be explained that the changes in the size of nodes
indicate that possible active surface, i.e. the active grafting site.
Though the breakdown of fibrils are observed in the three
samples, however, in the case of DEA grafted PTFE (DEA-g-
PTFE sample), which lead to an island of pores. This is due to
the occurrence of chain scission and ion erosion during
graftingl9, thus the thin fibrils seen broken, instead of
generation of active sites, it led to scission of fibrils.
Furthermore, the composition of surface of the grafted
membrane was also quantified by energy dispersive
spectrometer and presented in Table 1. This also confirms that
the grafting was obivious, as shown in the Table 1, the weight
and atomic ratio of fluorine to carbon, in all the grafted samples
have reduced. For pristine PTFE, the F:C weight ratio was
obtained to be 2.51, however, the F:C weight ratio for grafted
PTFE membranes were decreased to 2.46, 2.17 and 2.23 for

MEA-g-PTFE,
respectively.

DEA-g-PTFE, and MDEA-g-PTFE,

3.2 FT-IR Spectra

Infrared spectra of the irradiation grafted PTFE show, in addit-
ion, to the bands of pristine PTFE polymer; there are bands of
fluoride and carboxylic end groups. The band at 2348 cm™ is a
combination of band associated with CF2 backbone. The group
frequency, wave number (cm™) for C-F stretch is in the range
1400-1000, which is exhibited as peaks in the spectra for the
pristine PTFE.

Table 1 Compositional analysis of grafted PTFE membrane

Element Weight %
Pristin MEA-g- DEA-g- MDEA-g-
C 28.46 21.97 30.48 29.41
F 71.54 68.81 66.11 65.44
N - 0.36 1.21 1.82
H - 2.86 2.2 3.33
0 - 0 0 0
Total 100 100 100 100

Figure 3 SEM images for amine grafted PTFE film membrane. (a)
MEA-g-PTFE, (b) DEA-g-PTFE, (c) MDEA-g-PTFE

The assignment of amine and amino compound group
frequencies at the amino-g-PTFE membrane requires the
understanding of the functional groups used. For primary amino
functional groups such as MEA, its functional group is
identified as N-H bend which is assigned to bands of 1650-1590
and C-N stretch for the bands 1090-1020 [20] for which only
weak or no peak are observed at these range for the MEA
grafted PTEF (MEA-g-PTFE). For secondary amines, N-H bend
1650-1550, and C-N stretch at 1190-1130 [21]. At these ranges
only weak peaks are observed for the DEA-g-PTFE film
membrane. For the tertiary amines, the only assigned wave
number range is 1340-1250, for C-N stretch [20]. For the
tertiary amine used in the analysis, MDEA grafted PTFE
(MDEA-g-PTFE) has detected a peak at these ranges, which
confirms the attachment of nitrogen atoms at the activated PTFE
film.
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Figure 4 FTIR Spectra for Pristine PTFE membrane
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Figure 5 FT-IR Spectra for amine grafted PTFE: (a) MEA-g-PTFE, (b)
DEA-g-PTFE, and (c) MDEA-g-PTFE

3.3 Effect of y-ray Dose

The degree of grafting of different amines (MEA, DEA, and
MDEA) onto the PTFE at 80°C and 10 min grafting reaction
time versus irradiated dose is shown in the Figure 6. From the
figure, regardless of the low percentage grafting yield, it can be
seen that the grafting has taken place. However, the trend of the
line showed slightly different transmission (%) for different
grafting materials. The reason behind the low grafting yield is
mainly restricted to the grafting employed, where only the PTFE

films were subjected to y-ray irradiation. In the case of MDEA-
g-PTFE, the degree of grafting didn’t increase coincidentally
with the increase of doses from 30 kGy upto 70 kGy. This is due
to the high molecular weight of MDEA and the low dose
applied to the PTFE films which might not have resulted in
appreciable active sites in the membrane matrix. Thus, the
resulting degree of grafting was obtained as low as 0.3% at 70
kGy. However, in the case of MEA-g-PTFE and DEA-g-PTFE,
when the dose increased from 30 kGy to 50 kGy, an increase in
percentage yield was observed, but with an increase in dose
beyond 50 kGy, the grafting yield decreases. However, the
method restriction still holds the main reason behind the low
grafting yield obtained, as only the PTFE was subjected to y-ray
irradiation. This is going to be further justified with Electron
Spin Resonance (ESR) to quantify the type and quantity of
radicals generated upon irradiation on PTFE sample alone [22].
As the polymer is fully fluorinated, the low grafting yield is
related to the crystallinity of the polymer, this further justified,
for both PTFE and FEP, reported to have low grafting yield
when compared with the partially hydrogenated polymers [23].

3.4 Effect of Grafting Reaction Time

In order to determine the effect of reaction time on the
percentage grafting yield, identical PTFE samples were pre-
irradiated at typical treatment conditions, and the grafting
reaction time was kept for 60 minutes. The grafting temperature
is maintained at 80°C throughout the experiments. Comparing
Figure 6 and 7, one can see the effect of grafting time on the
percentage grafting yield. It is observed that the trend lines
behaved differently for different conditions adopted. Though
still there is not appreciable gain in the grafting yield, but there
are remarkable changes in the trend line plus the grafting yield
didn’t result in identical values to that of 10 min grafting time.
Since the grafting time has significant impact on the grafting
yield, further work such as grafting at dose rate, its respective
permeabilities to COz and Nz will be carried out after
determining the optimum grafting time.

3.0

—=— MEA g PTEE
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Figure 6 Effect of y-ray dose on the grafting yield of PTFE at 80°C and
10 min reaction time
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Figure 7 Effect of y-ray dose on the grafting yield of PTFE at 80°C and
60 min reaction time

3.5 Effect of Grafting Solvents

The solvent used for the study, has also an influence over the
resultant grafting yield. This is demonstrated due to the fact that
the concentration or the quantity of the functional groups
present in the solvent used. The amines used in this study were
selected from different amino groups with different molecular
weights and the concentration. However, studying this effect
independently may not result to a clear conclusion which may
need the thorough understanding of the other factors associated,
as shown in Figure 6 and Figure 7. The grafting yield obtained
for the different amines used and at the different reaction time
had resulted in nonlinear relationship which is in agreement
with the literature reported [24, 25].

3.0
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Figure 7 Effect of y-ray dose on the grafting yield of PTFE at 80°C and
60 min reaction time

4.0 CONCLUSION

The PTFE samples were irradiated by 60Co source y-ray with
varying doses, leading to activated surface. The subsequent
grafting was carried out by immersion in different types of
amines at 80°C for 10 and 60 minutes. The characterization was

conducted for both the pristine PTFE and the grafted PTFE
using the SEM and FT-IR. Effects of applied dose, grafting
time, and grafting solvents on the resultant grafting yield were
studied for different amine solvents such as MEA, DEA and
MDEA. The results confirm slight change in grafting yield (less
than 3%) was obtained.

This work is ongoing to elucidate the effect of grafting
conditions on the rate of CO2 capture. It is believed that if the
amines are incorporated in the polymeric membrane matrix, the
separation properties of the membrane will be enhenced. This
can be achieved either by grafting or crosslinking on to the
PTFE membrane.

Acknowledgement

The authors would like to thank The Universiti Teknologi
PETRONAS for Graduate Assistantship (GA) and Ministry of
Science, Technology and Innovation of Malaysia for their
financial support (Project No. 06-02-02-SF0178).

References

[1] Hidzir, N. M., Hill, D. J. T., Martin, D., Grendahl, L. 2012. Polymer-.
53: 6063.

[2] Oshima, A., Ikeda, S., Seguchi, T., Tabata, Y. 1997. Radiation Physics
and Chemistry. 49: 279.

[3] Faiz, R, Fallanza, M., Boributh, S., Jiraratananon, R., Ortiz, L., Li, K.,
2013. Chemical Engineering Science. 94: 108.

[4] Lin, A., Shao, S., Li, H., Yang, D., Kong, Y. 2011. Journal of
Membrane Science. 371:286.

[5] Canepa, G., Munari, S., Rossi, C., Vigo, F. 1973. Desalination. 13:
159.

[6] Nasef, M. M., Giiven, O. 2012. Progress in Polymer Science. 37: 1597.

[7]1 Chapiro, A., Jendrychowska-Bonamour, A. M. 1977. Desalination. 24:
83.

[8] Nasef, M. M., Saidi, H., Dessouki, A. M., Ei-Nesr, E. M. 2000.
Polymer International. 49: 399.

[91 Hegazy, E.-S. A., Ishigaki, I., Rabie, A., Dessouki, A. M., Okamoto,
1981. Journal of Applied Polymer Science. 26: 3871.

[10] Chapiro, A. 1977. Radiation Physics and Chemistry. 9: 55.

[11] Khatipov, S. A., Kabanov, S. P., Konova, E. M., Ivanov, S. A., Serov,
S. A. 2012. Radiation Physics and Chemistry. 81: 273.

[12] Bhattacharya, A., Misra, B. N. 2004. Progress in Polymer Science. 29:
767.

[13] Isikel Sanli, L., Alkan Giirsel, S. 2011. Journal of Applied Polymer
Science. 120: 2313.

[14] Yamaki, T., Asano, M., Maekawa, Y., Morita, Y., Suwa, T., Chen, J.,
Tsubokawa, N., Kobayashi, K., Kubota, H., Yoshida, M. 2003.
Radiation Physics and Chemistry. 67: 403.

[15] Annick Bozzi, A. C. 1987. European Polymer Journal. 23: 3.

[16] Bucio, E., Burillo, G. 2007. Radiation Physics and Chemistry. 76:
1724.

[17] Sato, K., Ikeda, S., lida, M., Oshima, A., Tabata, Y., Washio. 2003. M.
Nuclear Instruments and Methods in Physics Research Section B:
Beam Interactions with Materials and Atoms. 208: 424.

[18] Kurumada, K., Kitamura, T., Fukumoto, N., Oshima, M., Tanigaki, M.,
Kanazawa, S. 1998. Journal of Membrane Science. 149: 51.

[19] Jae-Hak Choi, D.-K. K., Chan-Hee Jung, Ramakrishnan Ganesan.
2008. Journal of the Korean Physical Society. 52: 4.

[20] Coates, J. 2000. Encyclopedia of Analytical Chemistry. 10815.

[21] U. Lappan U.Geibler D. Jehnichen, G. P., K. Lunkwitz. 2001. Nuclear
Instruments and Methods in Physics Research B. 185: 6.

[22] Oshima, A., Seguchi, T., Tabata, Y. 1999. Radiation Physics and
Chemistry. 55: 61.

[23] Dargaville, T. R., George, G. A., Hill, D. J. T., Whittaker, A. K. 2003.
Progress in Polymer Science. 28: 1355.

[24] Li, J., Sato, K., Ichizuri, S., Asano, S., Ikeda, S., lida, M., Oshima, A.,
Tabata, Y., Washio, M. 2005. European Polymer Journal. 41: 547.

[25] Oshima, A., Tabata, Y., Kudoh, H., Seguchi, T. 1995. Radiation
Physics and Chemistry. 45: 269.





