Soni Rani Int. Journal of Engineering Research and Application www.ijera.com
ISSN : 2248-9622, Vol. 8, Issue3, ( Part -1V) march2018, pp.54-60

RESEARCH ARTICLE OPEN ACCESS

Synthesis, Study and Characterization of Amidoximated Acrylic

Copolymer

Soni Rani*, Gazala Praveen** and Gajendra Kumar***

“(Associate Professor, Prince Institute of Innovative Technology, Gr. Noida, Uttar Pradesh, INDIA,
“(Research Scholar, Department of Applied Science & Humanities, Bhagwant University, Ajmer, INDIA
“(Assistant Professor, Department of Applied Science & Humanities, Bhagwant University, Ajmer, INDIA

Corresponding Auther: Soni Rani

ABSTRACT

surface morphology were observed.

Copolymer membranes were fabricated into DMP and copolymer was treated with HA in aqueous solution at
60-80°C. In the amidoximation process, a part of nitrile groups of copolymer is converted into amidoxime
groups. The characterization of virgin and amidoximated acrylic copolymer membranes were carried out by
using various techniques as Fourier transform infrared, X-ray diffraction, thermogravimetric analysis, Scanning
electron microscope etc. With the amidoximation process various significant changes in the copolymer
properties such as functionality, crystallinity, thermal behavior, hydrophilicity, elemental composition and
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. INTRODUCTION

Polyacrylonitrile (PAN) has good resistance to
organic solvents is excellent in mechanical strength
with high thermal stability [1]. Polymers have been
utilized in coagulation processes for water
purification for at least four decades [2].
Copolymerization is important techniques adopted in
effecting systematic changes in the properties of the
commercially significant polymers. The copolymers
of acrylic esters have been used for various industrial
applications [3]. PAN was introduced in many
applications such as in carbon fibers manufacturing
for military,sports and aerospace equipment,
clinical uses, and synthetic fibers in a modern
textile process [4, 5]. A number of methods have
been applied to modify polymer properties such as
grafting, plasma treatment, adsorption, blending,
copolymerization of monomers and chemical
treatment such as hydrolysis, reduction and reaction
with chemical reagents [6-10]. Polymers which show
antimicrobial nature either inherently have this
property or they transformed by addition of
antimicrobial agents at the time of polymer
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processing or by immobilization of these biocidal
agents after development of polymer [11-13].
Nanosilver (NS) is known for its broad spectrum
antimicrobial activity against bacteria, fungi,
protozoa and certain viruses including antibiotic
resistant strains [14, 15]. It is consistently reported
that antimicrobial efficacy of NS greatly influenced
by the dimensions (shape and size) of the particles,
the smaller the particles, the greater the antimicrobial
effect [16].

1. OBJECTIVES
e Amidoximation  of acrylic  copolymer
membranes.

e Characterization of virgin and amidoximated
acrylic copolymer membranes by using various
techniques

1. MATERIALS AND METHODS

Acrylic acid (AA), Acrylonitrile (AN), aAzobisisobu
tyronitrile (AIBN), Toluene, Diethylether,Dimethylfo
rmamide (DMF), Silver nitrate (AgNO3), NaOH, HCI
and Polyvinyl alcohol (PVA) all the chemicals used
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were of AnalaR grade and procured from Sigma
Aldrich and Fluka. Solvents were dried and distilled
before use according to standard procedure. The
chemicals were used without further purification.

Different processes as Polymerization, Molecular
Weight Determination, Fabrication of Copolymer,
Hydroxylamine Treatment and Amidoximes Content
Evaluations has been already published [17].

V. INSTRUMENTATION
e FTIR SPECTROSCOPY

Fourier transform infrared (FTIR) analysis was
recorded on a Perkin Elmer, 1750X Fourier
Transform Infrared spectrometer by using potassium
bromide (KBr) pellets in resolution range of 4000—
400 cm™ at room temperature. X-ray diffraction
studies on the samples were carried on PHILIPS,
Holland, Cuka X-ray generator to trace the
morphological changes in the material. The
thermogravimetric analysis (TGA) was evaluated
using Perkin Elmer, STA 6000 Simultaneous
Thermal Analyzer instrument (PerkinElmer Inc.,
Waltham, MA, USA). Differential Scanning
Calorimetry (DSC) analysis of samples was carried
out Perkin Elmer- Pyris system in the temperature
range of 50-300° C. The EDX studies of virgin as
well as amidoximated copolymer samples were
carried out using STEREOSCAN 360 (Cambridge
Scientific Industries Ltd.), scanning electron
microscope. Scanning electron microscope (SEM)
micrographs were acquired using a STEREOSCAN
360 (Cambridge Scientific Industries Ltd.), scanning
electron microscope and were operated at 10 to 20
kV. Samples were coated in Au/Pd film prior to
analysis.

V. RESULTS AND DISCUSSION

. FTIR SPECTROSCOPY OF VIRGIN
ACRYLIC COPOLYMER

FTIR spectra of acrylic copolymer samples with
different acrylic acid (AA) concentration are
presented in “Fig.1”. The peak at 3414 cm®
corresponding to O-H of COOH, 2944 cm®
corresponding to —CH stretching, the peak at 2243
cm™ represents -C=H stretching vibration, peak at
1734 cm™ corresponding to stretching of —C=0 of
carboxyl group due to the addition of small
percentage of acrylic acid during the polymerization,
peak at 1637 cm™ and 1454 cm™ for stretching
vibration of COO™ group and stretching of —CH,,
peak at 1176 cm™ and 1075 cm™ represent —C=H
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stretching and bending, respectively. It is observed
that with increase in AA concentration, peak at 3413
cm® gradually broadens and at 15% AA
concentration it almost over powers for band at 2944
cm™ whereas the band at 2243 cm™ corresponds to
nitrile groups of AN gradually decreases due to

decreasing nitrile moiety of polyacrylonitrile.
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Fig. 1. FTIR spectra of copolymer films with
different acrylic acid (AA) concentrations, (a)
2%, (b) 5%, (c) 10% and (d) 15%.

The proportion of the peak at 1734 cm™ for the
carbonyl and at 2243 cm™ for nitrile has been taken
as the progress of the copolymerization process.

. X-RAY DIFFRACTION OF VIRGIN
ACRYLIC COPOLYMER

X-Ray analysis of PANAA copolymer with different
AA concentration is presented in “Fig. 2”. It can be
noticed that with increases in AA concentration in
copolymer the crystalline structure start to dissipate
by transforming into amorphous order. It is clear that
15% AA containing  copolymer  become
approximately amorphous in nature.
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Fig. 2. XRD diffractogram of copolymer films
with different acrylic acid concentration.

The crystallinity was measured as:
Crystallinity (%) = <% 100 ......... 1)

Where, W, and W, are the weight of crystalline
region and total weight of sample, respectively.

° ANALYSIS OF AMIDOXIMATED
COPOLYMER MEMBRANES

FTIR

FTIR spectra of virgin and amidoximated acrylic
copolymers are shown in “Fig. 3”. As a result of
amidoximation, the noticeable changes are slow
disappearance of band at around 2243 cm™ which
correspond to nitrile groups of AN. This indicates
that nitrile group fraction decreases during the
amidoximation process. Another favorable change is
newly formed band belonging to the N-O stretching
variation of amidoxime (AO) at around 929 cm™.
Similar  observation has been made for
amidoximatiom of PAN fiber by “Weiping” [18].
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Fig. 3. FTIR spectra of 2% acrylic acid copolymer
after hydroxylamine treatment (a) virgin, and
membranes, (b) AO, 0.24 meq g7, (c) AO, 1.12meq
g™, (d) AO, 2.2meq g, and (e) AO, 3.3 meq g™

In virgin copolymer, the peak at 1639 cm™
corresponding to stretching variation of COO™ group
[19, 20]. After the amidoximation reaction, a new
peak of —-C=N- group of amidoxime developed in this
region. With the increase in amidoxime content, —
C=N- group of amidoxime increases. This increase is
so clear that it overpowers the band of —C=0 of
carboxyl group and COO™ [21]. The variation of
band ratio corresponding to CN at 2243cm™and CH
stretching at 2944 cm™ intensities of virgin and
amidoximated acrylic copolymers is shown in “Fig.
4,
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Fig. 4. Variation of the ratio of CN/CH stretching
band with different AO content.

From the above figure, it is clear that the ratio slowly
decreases with increases in AO content which
confirmed that with the amidoximation reaction the
nitrile content of copolymer gradually decreases due
to change of nitrile groups into amidoxime groups.

X-RAY DIFFRACTION

XRD of amidoximated copolymers and virgin are
represented in “Fig. 5”. The data shows a loss in
crystalline  diffraction with the increases in
amidoxime content. The decrease in crystallinity
shows that different crystalline changes occur during
amidoximation. During this process the diffraction
peaks at 18 and 30° (20) becomes wider which shows
that crystallization starts to disperse by transforming
into an amorphous order. The expansion of peak at
18° shows a decrease in the size of crystal, depending
upon amidoxime content.
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Fig. 5. X- Ray diffraction pattern of copolymer (a)

virgin, and membranes (b) AO, 0.24 meq g™, (c)
AO, 1.12 meq g, and (d) AO, 3.3 meq g™.
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The crystallinity of membranes against AO content is
determined by using expression 1 and the results are
in “Table 1”. The difference of crystallinity with AO
content is represented in “Fig. 6”. It is clear that the
crystallinity decreases considerably from 32% (virgin
copolymer) to 14 % (copolymer with AO content 3.3

meq g™).

TABLE I. Percent Crystallinity of membranes
with different AO content

Amidoxime Content Crystallinity
(meq g°) (%)
Virgin copolymer 32
0.24 23
1.12 20
3.3 14

Crytstallinity %
o

Amidoxime content (meq/g)

Fig. 6: variation of crystallinity of membranes
with different AO content

TGA

Thermogravimetric Analysis (TGA) results are
presented in “Fig. 7. It has been observed that pure
PAN does not show any weight loss up to 270°C —
300°C [22, 23]. The presence of acrylic acid moiety
lowers the degradation as shown in figure.
Degradation occurs in three steps for virgin
copolymer. In first step virgin copolymer degrades
from 150 — 320°C due to desorbed moisture,
evaporation of residual traces up to 180 °C, and
decarboxylation of polyacrylic moiety up to 320 °C.
It is observed that at high temperatures, when PAN is
heated the intramolecular transformations are clearly
accompanied by intermolecular reactions of groups,
leading to cross-linking of the polymer chain [24-26].
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Fig. 7. TGA thermogram of copolymer (1) virgin,
and membranes (2) AO, 0.24 meq g™, (3) AO, 1.12
meq g”, (4), 2.2, meq g™ and (5) AO, 3.3 meq g™

DSC

Differential Scanning Calorimetry (DSC)
measurements “Fig. 8” for virgin and AO 3.3 meq g™
copolymer were carried out for determination of glass
transition temperature and thermograms. After
analysis of data, it was observed that the T4 value for
amidoximated copolymer was found to be higher as
75°C than virgin copolymer film as 70°C. The strong
interaction among the molecular chains after
modification leads to this increase in glass transition
temperature.
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Fig. 8. DSC Thermograms of copolymers showing
Tg of virgin(1) and membrane (2), AO 3.3 meq g™
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EDX

The energy dispersive X-Ray spectroscopy (EDX) is
presented in “Fig. 9 (ab)” which explain the
qualitative elemental composition of virgin and
amidoximated samples.

Fig. 9 (a). EDX of acrylic copolymer virgin and
membrane

I
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v

Fig. 9 (b). EDX of acrylic copolymer A.O content
3.3 meq/g

The variation of N/C and O/C % ratio with respect to
C as a function of AO content is presented in Fig. 10.
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Fig. 10. Determination N (%) and O (%) content
by EDX and there variations with respect to
Carbon at different A.O content.

It is clear from the graph “Fig.10” that with
comparison to carbon content of nitrogen and oxygen
was increased from approx 8% and 4% respectively
and for wvirgin copolymer up to 24% and
about 38% for nitrogen and for oxygen respect for sa
mples having 3.3 meg/g amidoxime content.

SEM

The surface structure of copolymer samples were
determined by Scanning Electron Microscopy (SEM)
and presented in “Fig. 11 (i-v)”.

Fig. 11 (i). SEM photograph of acrylic virgin
copolymer

In case of acrylic virgin copolymer smooth surface
structure has been found “Fig. 15 (i)”. On the other
hand after amidoximation process surface becomes
rough due to increase amidoxime content. These
results show that after damaging of paracrystalline
region, the hydroxylamine diffuse very fast from
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solution to copolymer. Due to which amidoximation
of nitrile group takes place entirely and becomes the
reason of cracking on samples surface “Fig. 11(ii-v)”.

v)

Fig. 11 (iv). SEM photograph of acrylic polymer
A.O, 2.2 meq/g, (v). SEM photograph of acrylic
polymer A.O, 3.30 meq/g.

VI. CONCLUSION

Amidoxime content is regulated by the reaction
parameters, such as temperature, time and HA
concentration previously. FTIR explained different
changes in intensities of virgin and amidoximated
acrylic copolymer, decreases with increase in AO
content which confirmed that as amidoximation takes
place, the nitrile content of copolymer regularly
decreases due to change of nitrile groups in to
amidoxime groups. XRD data indicated the loss in
crystalline  diffraction with the increases in
amidoxime content. TGA results indicate that as the

(iii) AO content increases the initial degradation

temperature of copolymer decreases. Presence of AA

Fig. 11 (ii). SEM photograph of acrylic polymer lowers the degradation temperature of virgin
A.O, 0.24 meq/qg, (iii). SEM photograph of acrylic copolymer as compared to pure PAN. SEM
polymer A.O, 1.12 meq/g represented that with the increase in AO content,

surface of virgin copolymer becomes rough and the
roughness increases with increase in amidoxime
content.

Acknowledgements

The author’s thank, Delhi University, Delhi and Prof.
Sulekh Chandra for their kind help during this work.
We are also grateful to Bhagwant University,
Rajasthan for giving us a chance to pursue my Ph.D.

REFERENCES

1. N.A. M. Zahri et al., Improved Method for
Preparation of Amidoxime Modified Poly
(acrylonitrile-co-acrylic acid):
Characterizations and Adsorption Case
Study, Polymers, 7, 1205-1220, 2015.

2. B. Bolto and J. Gregory, Organic
polyelectrolytes in water treatment, Water
Research. 41(11) 2301-2324, 2007.

WWWw.ijera.com DOI: 10.9790/9622-0803045460 [Type text]



Soni Rani Int. Journal of Engineering Research and Application www.ijera.com

ISSN : 2248-9622, Vol. 8, Issue3, ( Part -1V) march2018, pp.54-60
3. H.F. Mark, N. M. Bikales, C. G. Overberger, 15. N. Stobie, B. Duffy, D. E Mc Cormac, J.
G. Menges, !Encyclppedia of polymer science Colreavy, M. Hidalgo and P. Mc Hale,
and er.19|neer|ng. Wiley, New York, 1986. . Prevention of Staphylococcus epidermidis
4. A Mhlshra, 3 Sharma ande. (fupta,IStqdl_Ts biofilm formation using a low-temperature
films: Influence of syniheas tonditions. processed slver-doped phenyltrethoxysilane
Appl. Polym. Sci. 121, 2705-2709, 2011. sol-gel coating, Biomaterial, 29, 963, 2008.
5. S.N.A.M Jamil, R. Daik, I. Ahmad, Redox 16. A. R. Shahverdi,  AFakhimi, H. R.
copolymerization of acrylonitrile  with Shahverdi and M. S. Minaian, Nanomedicine,
fumaronitrile as a precursor for carbon 3, 168, 2007.
fibre. J. Polym. Res. , 14, 379-385, 2007. 17. S. Rani, G. Praveen and G. Kumar, synthesis
6. K.C Khulbe, C. Feng, T. Matsuura, The art of and characterization of copolymer film of
surface modification of synthetic polymeric acrylic acid with acrylonitrile and
membranes, J Appl. Polym Sci. 115,855, hydroxylamine treatment of the acrylic
2010. copolymer,VSRD International Journal of
7. RR Fleming, L.C Pardini, J.C.AR Brito, Technical & Non-Technical Research, Vol.
J.M.S Oliveira, A.M Massi. Plasma treatment IX (”)’_ 8_3'88’ 2018. _ _
of polyacrylonitrile/vinyl  acetate  films 18. L. Weiping, L. Yun, Z. Hanmin, Preparation
obtained by the extrusion process, Polym of chelating fiber by amidoximation of
Bull.66, 277, 2011. polyacrylonitrile fiber, React Polym, 17, 255,
8. 2G Wang, LS Wan, ZK Xu, Surface 1992.
engineerings  of  polyacrylonitrile-based 19. A. sahoo, M. Jassal, A. K. Agarwal, Smart
asymmetric membranes towards biomedical Mater Struct, 16, 1843, 2007.
applications, J Membr Sci., 304, 8, 2007. 20. P. Shakkthivel, R. Sathiyamoorthi and T.
9. A.V.R Reddy, H.R Patel, Chemically treated Vasudevan, Development of acrylonitrile
polyethersulfone/polyacrylonitrile blend copolymers for_ sca}le control in cooling water
ultrafiltration membranes for better fouling systems, Desalination, 164, 111, 2004.
resistance, Desalination, 221, 318, 2008. 21. X. Liu, H. Chen, C. Wang, R. Qu, C. Ji, Y.
10.s. Dend, R. B Bai, Aminated Zang, ~  Synthesis of porous
Polyacrylonitrile Fibers for Humic Acid acrylonitrile/methyl acrylate copolymer beads
Adsorption: Behaviors and Mechanisms, by suspended emulsion polymerization and
Envirin. Sci. Technol. 37, 5799, 2003. their ~ adsorption  properties  after
11. S. D. Worley and G. Sun, Biocidal polymers, amidoximation, J. Hazard Mater,175, 1014,
Trends Polym Sci, 4 , 364-370, 1996. 2010. N
12. T. Yamamoto, S. Uchida, Y. Kurihara and |. 22.8. Nur(_ettm, N. Pekel, O..Guyen, Radiation
Nakayama, Jpn Patent, 94-204681, 1994. ?r/r?it(;]gi:fﬁation characi;rlzatlon Nviny?nzd
3. m Za_noaga_ and_ F'_ Tanas_a,_Ponme_r-base_d pyrrolidone/acrylonitrile interpenetrating
materials with biocide activity for biomedical polymer networks, React Funct Polym, 39,
applications, International Conference on 139, 1999.
Nanotechnologies and Biomedical 23. H. Li, X. Y.Shen, G. I. Gong, D. Wang, D.
Engineering, Chisinau, Republic of Moldova, Carbohyd Polym, 73, 191, 2008.
April 18-20, 2013. 24. E. Fitzer, D.J. Muller, Zur Bildung von
14. D. J. Balazs, K.Triandafillu, P. Wood, Y. gewinkelten Leiterpolymeren In

wWww.ijera.com

Chevolot, D. C. Van and H. Harms,
Inhibition of bacterial adhesion on PVC
endotracheal tubes by RF-oxygen glow
discharge, sodium hydroxide and silver
nitrate treatments, Biomaterials, 25, 2139,
2004.

25.
26.

DOI: 10.9790/9622-0803045460

Polyacrylnitril-Fasern ,Makromol Chem, 144,
117, 1971.

O.G. Henrici, S.Olive, Polym Bull, 5, 1,
1981.

N. E. Zilberman , The Reactions of Nitrile-
containing Polymers, Russ Chem Rev, 55, 1,
1986.

[Type text]



