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ABSTRACT: Novel one pot synthesis of low molecular weight n-alkyl acrylamide homopolymers by
solution polymerization have shown usefulness as an efficient scale inhibitor. Solution polymerization of n-
alkyl acrylamide monomer with BPO (7.5 mol %) as an initiator resulted in 85 — 90 % polymer yield.
Synthesized n-alkyl acrylamide homopolymers were characterized by using different spectral analysis such
as FT-IR, NMR and GPC. The molecular weight of synthesized homopolymers was found to be in range of
1000 — 4500 with polydispersity between 1.0 and 3.0. Spectral data confirms the successful
homopolymerization of n-alkyl acrylamide. It also shows that the homopolymers are having a linear structure
in which monomers are randomly attached.
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1. INTRODUCTION

During various industrial processes like desalination, reverse osmosis, and water cooling the scale
formation or scaling is occurring predominantly. Scales are a prevalent problem in water treatment industry
and are unique due to the complexity of its mechanism. These deposits have different mechanical properties
depending upon different operational conditions and are termed accordingly. Hard scale, soft scale, powdered
scale or sludge scales are terms describing their bond with the adhering surfaces. Scales once formed are very
difficult to remove, hence its formation can cause severe technical problems and great economic impact.

During the past two decades, new generation of scale inhibitors have emerged commercially, in which the
active ingredients are mostly proprietary mixtures of various molecular weight polycarboxylate,
polyphosphate and polyphosphonate. But polyphosphonate experience hydrolytic reaction and self-
degradation which results in formation sludge of phosphate at temperature of over 90 °C. Furthermore, the
conversion of polyphosphonates to orthophosphate, which is a nutrient for algae and are hazardous when
released in environment. The polymerization reaction of many polymers is multi steps synthesis with low
yield. But polymers containing amide or amine functional group have been found to be very effective in
controlling CaSO4 and CaCOs scale formation. [1-10].

The main objective of this research is to develop such synthetic methods which are cost effective and single
step process, giving eco-friendly and efficient scale inhibitors. The ideal molecular weight of the compound
to show good scaling inhibition should be in the range of 500 — 6000 [11]. Hence, keeping this factor in mind
we have synthesized low molecular weight n — alkyl acrylamide homopolymers with Mw in the range of 500
— 5000 by solution polymerization.

2. EXPERIMENTAL
a) Materials

n — propyl amine (Sigma, 98 %), n — butyl amine (Fluka, 99%), n — hexyl amine (Merck, 98%), acryloyl
chloride (Fluka, 96 %) and barium hydroxide (Sigma, 98%) were used as received without any further
purification. Benzoyl peroxide (BPO) (Fluka, 97 %) was recrystallized from reagent grade methanol before
use. Tetrahydrofuran (Sigma — Aldrich, 99.9%) for spectroscopic analysis was of analytical grade and used
as such without further purification.

b) Instruments

A 500 ml zipperclave stirred laboratory reactor from autoclave engineers was used for n — alkyl acrylamide

homopolymer synthesis. It could ideally work at a pressure of 2200 psi (151 bar) and temperature 450 °F (232
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°C). Molecular weight of n — alkyl acrylamide homopolymers were carried out in waters GPC using three
columns styragel HR 0.5, HR 5, and HR 4 (range from 0 to 400000 dalton). Polystyrene was used as a standard
for molecular weight analysis.H-NMR spectra and **C-NMR spectra were obtained using a Bruker AM400
NMR spectrometer. Fourier — transform infrared spectroscopy were recorded with Perkin Elmer 16 — PC FT-
IR spectrometer using KBr discs.

¢) Polymer Synthesis

Low molecular weight n-alkyl acrylamide Homopolymers were synthesized in two steps. Firstly n-alkyl

acrylamide monomers were synthesized followed by homopolymerization in 0-xylene solvent at 150 °C.
I. General Monomer Synthesis

Substituted n-alkyl amines (n — hexyl amine / n — butyl amine / n — propyl amine) and barium hydroxide
(1%) were placed in the flask and stirred until the temperature equilibrated. Acryloyl chloride was added
dropwise till the mixture in the reaction vessel becomes thick. The resulting solution was whitish-yellow. The
resulting material was recrystallized and stored at 0 °C. Similarly, three monomers were prepared.

e n— Propyl acrylamide monomer (AAP)

After synthesis, this compound was separated by extraction with water and CHCIz mixture (1:3) ratio,
respectively. An 85% yield was obtained after purification. CeH11NO: Calculated C 63.68, H 9.8, N 12.38;
Found C 62.68, H 10.00, N 12.17.

e n— Butyl acrylamide monomer (AAB)

An 88% yield of light yellow-colored oily compound was obtained after recrystallization with CHCls.

C7H13NO: Calculated C 66.10, H 10.30, N 11.01; Found C 66.01, H 10.53, N 11.59.
e n — Hexyl acrylamide monomer (AAH)

A light yellow-colored oily compound was separated after recrystallization with CHCIz with a yield of

89%. C9H17NO: Calculated C 69.63, H 11.04, N 9.02; Found C 69.01, H 11.10, N 9.17.

ii. Homopolymerization of n-Alkyl Acrylamide

n-Hexyl acrylamide homopolymer (AAH), n — Propyl acrylamide homopolymer (AAP) and n — butyl
acrylamide homopolymer (AAB) were synthesized by using 0.02 moles of monomer in 100 ml of o-xylene.
BPO was used as an initiator at a concentration of 7.5 mole % with respect to the monomer, and reaction
mixture was allowed to reach 140 °C temperature. After 10 hours the reaction was stopped, and the synthesized
polymer was recrystallized by using appropriate solvent before conducting further spectral analysis and
characterization.

3. RESULTS AND DISCUSSION

In order to develop effective scale and corrosion inhibitors for industrial purpose it is necessary that it
should be of low molecular weight in range of 500 -5000. Molecular weight of n-alkyl acrylamide determined
by GPC is illustrated in Table-1, which is in range of 1000-4500. Structural characterization of three n-alkyl
acrylamide homopolymers by *H-NMR and *C- NMR spectra have been discussed in detail. The FT-IR
spectra of homopolymers shows the adsorption bands for respective functional group present in the
synthesized homopolymers.

a) Reaction Mechanism for N — Alkyl Acrylamide Homopolymers (N — AAA) Synthesis

The reaction scheme shown in Fig. 1 can be divided in two parts. Part one is monomer synthesize followed
by homo-polymerization. In part one, acryloyl chloride is allowed to react with n — substituted amine (n-
butylamine, n-hexylamine, and n-propylamine) in the presence of barium hydroxide, results in n-alkyl
acrylamide monomer with the evolution of HCI gas. In second step of homopolymerization, n-alkyl
acrylamide monomers are allowed to react in the presence of an initiator BPO, which results in the formation
of n— AAA homopolymers. The —R group in homopolymer can be attributed to propyl, butyl, or hexyl amine.
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Figure — 1: reaction scheme for n — alkyl acrylamide homopolymers synthesis.

b) Polymer Characterization

Characterization of n-AAA homopolymers was done by nuclear magnetic resonance (*H — NMR and **C
—NMR) and Fourier — transform infrared spectroscopy (FT — IR).

In the proton NMR spectras of n-AAA homopolymers the protons were indexed from “a to i” starting
from the benzene ring of BPO radical as given in Fig. 2. Peaks in the region of 0.5 — 1.5 ppm can be assigned
to aliphatic protons [Hi — Hn] of the attached hexyl amine group. Peaks between 2 — 4 ppm can be attributed
to methylene proton [Hg] near the amide group and methane proton [He]. The methylene proton [Hy] near the
BPO radical shows peaks in the range of 4 — 5 ppm. At last -NH proton [H¢] show peak near 8 ppm [12-13].
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Figure —2 : *H — NMR spectroscopy for n — alkyl acrylamide homopolymers, (a) n — hexyl acrylamide (b) n — butyl acrylamide
(c) n— propyl acrylamide

In C — NMR spectra of n-AAA homopolymers different peaks are divided into 3 different groups (I, I,
and I11) as shown in Fig. 3. The first group (1) peaks range from 15 to 50 ppm, the second group (1) peaks lie
between 120 — 132 ppm and the final (111) third group peaks extend from 160 — 180 ppm. In the first group
the methylene and methyl group of alkyl unit and due to the alkoxyamine group it shows a peak at 13.5 — 50
ppm. The peaks at 50 — 60 ppm are assigned to the CH> group which is attached to BPO radical. The benzene
ring of BPO shows peaks in the range of 125 — 140 ppm. The carbonyls in the amide group and BPO radical
give peaks between 165 — 175 ppm [12-13].

The FT — IR spectrum of n — AAA homopolymers show an absorption band between 3288 — 3072 cm™*
due to —NH stretching vibration which can be observed in Fig. 4(a, b, ¢). Two absorption bands are observed
between 2955 — 2926 cm™ due to aliphatic (C — H) stretching. Absorptions bands due to the carbonyl group
are observed between 1555 — 1650 cm™ [14].
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Figure — 3: 3C — NMR spectroscopy for n —alkyl acrylamide homopolymers, (a) n — hexyl acrylamide (b) n — butyl acrylamide
(c) n — propyl acrylamide
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Figure — 4: FT — IR spectroscopy for n — alkyl acrylamide homopolymers, (a) n — hexyl acrylamide (b) n — butyl acrylamide
(c) n — propyl acrylamide
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4, MOLECULAR WEIGHT DETERMINATION AND CONVERSION

This work aims to synthesize such homopolymers which are efficient in scale and corrosion inhibition. It
has been shown in previous studies that the low molecular weight compounds are good scale and corrosion
inhibitor [14] preferably between 500 — 5000.

Table 1 shows the reaction condition and conversion degree of homopolymers of n — AAA. The molecular
weight so obtained was in the range of 1000 — 4500 and the highest yield (89 %) was obtained by n — hexyl
acrylamide with 1.5 polydispersity (Mw/Mn). The molecular weight achieved after such conversion is 4253.
The compound lost during the purification and recrystallization process can be the reason for the lower yield
of AAP and AAB homopolymers [15].

Table 1 reaction conditions and results of homopolymerization of n — alkyl acrylamide monomers in 0-xylene at 150 °C.

o | robmas | Monomes | e | |, | SO
1, A”ﬂy';f;?’(;e 002 | BPO(7.5) | 4253 | 15 89
2. Ancwi‘rﬁ’(;e 0.02 BPO (7.5) | 3965 | 1.32 88
3, A”C‘ryFI’;?np%'e 002 | BPO(75) | 1072 | 182 85

Mw? = molecular weight, BPOP = Benzoyl peroxide;

5. CONCLUSION

The present research work is focused on synthesis and characterization of the homopolymers for their
utility as efficient corrosion and scale inhibitors. The main objective of this research is to synthesize eco-
friendly, cost-effective homopolymers with enhanced scale and corrosion inhibition performance which is
requisite in the final endeavor to utilize in industry. The conversion range or yield so obtained for n — AAA
homopolymers was in between 80 to 89 %. Results obtained from GPC shows molecular weight of n-alkyl
acrylamide is in range of 1000-4500 which comes under desired range. *C-NMR, *H-NMR and FT — IR
spectra of the compounds show that the homopolymers are having a linear structure in which monomers are
randomly attached.

ACKNOWLEDGEMENT

This research was funded by Kuwait University Research Administration under Project RE03/14
which is appreciated. All spectral analysis was done by Kuwait University general facility project no.
GS01/03, and GS01/05.

REFERENCES

1.  Al-Roomi, Y. M., and Hussian, K. F., 2016. Assessment of Novel Maleic-anhydride Copolymers
prepared via Nitroxide Mediated Radical Polymerization as CaSOs Crystal Growth Inhibitor,
Environmental Technology, 38, No 8, 985-995.

2. Mohammed A. A., EI-Rehim, S. S. A., EI-Sherbini, E. E. F., Bayoumi, R. S., 2007. The inhibition of
low carbon steel corrosion in hydrochloric acid solutions by succinic acid Part I. Weight loss,
polarization, EIS, PZC, EDX and SEM studies. Electrochimica Acta, 52: 3588-3600.

3. Soror, T.Y.,2009. Scale and Corrosion Prevention in Cooling Water Systems Part I: Calcium Carbonate.
The Open Corrosion Journal, 2, 45-50

4. Rabizadeh, T., Peacock, C. L., and Benning, L. G. 2014. Carboxylic Acids: Effective Inhibitors for
Calcium Sulfate Precipitation? Mineralogical Magazine, 78, 1465-1472.

5. El-Shamy, A. M., Zohdy, K. M., and El-Dahan, H. A., 2016. Control of Corrosion and Microbial
Corrosion of Steel Pipelines in Salty Environment by Polyacrylamide. Industrial Chemistry, 2(2): 1-5.

JETIR2009301 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 6


http://www.jetir.org/

© 2020 JETIR September 2020, Volume 7, Issue 9 www.jetir.org (ISSN-2349-5162)

6.

10.

11.

12.

13.

14.

15.

Spridon, D., Panaitescu, L., Ursu, D., Constantin V. U., luliana, P., Ottenbrite, R. M., 1997. Synthesis
and Biocompatibility of Maleic Anhydride Copolymers: 1. Maleic Anhydride—Vinyl Acetate, Maleic
Anhydride—Methyl Methacrylate and Maleic Anhydride—Styrene. Polymer International. 43(2):175.
Davis, F., Hodge, P., Carl, R. T., Ziad, Ali, A., 1991. Langmuir and Langmuir-Blodgett films of
derivatives of alternating copolymers of straight-chain a-olefins and maleic anhydride. Macromolecules,
24(20): 5695-5703.

Mani, R., Currier, J., Bhattacharya, M., 2000. Polymerization of e-caprolactone with maleic anhydride:
Synthesis and characterization. Journal of App. Polym. Sci., 77(14): 3189-3194.

Erceg, A, Vukovic, R., Bogdanic, G., Segudovic, N., Fles, D., 2001. Free-radical-initiated
copolymerization of 2-chlorostyrene, 4-chlorostyrene, and 2,6-dichlorostyrene with maleic anhydride.
J. of Macromol. Sci.: Pure and Applied Chem. 38A (3): 253-261.

Senthilmurugan, B., Ghosh, B., Sanker, S., 2011. High-performance maleic acid-based oil well scale
inhibitors—Development and comparative evaluation. Journal of Industrial and Engineering Chemistry,
17(3): 415-420.

Al-Roomi, Y. M. and Hussain, K. F., 2015. Application and evaluation of novel acrylic-based CaSO4
inhibitors for pipes. Desalination, 355: 33-44.

Diehl, B., 2008. Chapter 1 - Principles in NMR Spectroscopy. NMR Spectroscopy in Pharmaceutical
Analysis (Book). Pages: 1, 3-41.

Stothers, J., 1972. Carbon-13 NMR Spectroscopy: Organic Chemistry, A Series of Monographs (Book),
Volume 24.

Al-Roomi, Y. M. and Hussain, K. F., 2014. Antiscaling Properties of Novel Maleic-Anhydride
Copolymers Prepared via Iron (I1) - Chloride Mediated ATRP. Journal of Applied Polymer
Science, 131: 1-10.

Al-Roomi, Y. M. and Hussain, K. F., 2005. Free radical solution copolymerization of n-octyl acrylamide
and maleic-anhydride in a non-polar solvent; Synthesis and characterization of a difunctional
copolymer, Polymer Bulletin, 55: 81-93.

JETIR2009301 Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 7


http://www.jetir.org/
https://onlinelibrary.wiley.com/action/doSearch?ContribAuthorStored=Panaitescu%2C+Luminita
https://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291097-0126%28199706%2943%3A2%3C175%3A%3AAID-PI734%3E3.0.CO%3B2-I
https://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291097-0126%28199706%2943%3A2%3C175%3A%3AAID-PI734%3E3.0.CO%3B2-I
https://onlinelibrary.wiley.com/doi/10.1002/%28SICI%291097-0126%28199706%2943%3A2%3C175%3A%3AAID-PI734%3E3.0.CO%3B2-I
https://pubs.acs.org/doi/10.1021/ma00020a033
https://pubs.acs.org/doi/10.1021/ma00020a033
https://www.sciencedirect.com/science/article/pii/S1226086X11001043#!
https://www.sciencedirect.com/science/article/pii/S1226086X11001043#!
https://www.sciencedirect.com/science/article/pii/S1226086X11001043#!
https://www.sciencedirect.com/science/journal/1226086X
https://www.sciencedirect.com/science/journal/1226086X/17/3
https://www.sciencedirect.com/science/article/pii/B9780444531735000019#!
https://www.sciencedirect.com/science/book/9780444531735
https://www.sciencedirect.com/science/book/9780444531735
https://www.researchgate.net/scientific-contributions/2052537067_Yousef_M_Al-Roomi?_sg%5B0%5D=zk2Nl7Wa5aqrU44rN-CgqWp70lzogZbLGFdTUFsI0EawqyJtDE58qiylZo56-cc0VlUm8c0.s7Jr0trsMLLWuWrhnAli3lSoF_mLAA4hA3zj00mLBdIurJeBho7D1slBWQ2Il8YjjYJUTDXYW5BwAQXDjpmcag&_sg%5B1%5D=PEsLaybiRHAPiJDUoioPIxdT6rE6wisz9AUcWz2IZl936elfoclgiOh_bfkrYYBNQn0OAiAbfZ8l_yRd.vxlqbiy2VqIGUbm6Z_pW0yj4DXh0wZu71AfN7i_kvZqTAb9bI10pDY6nt81DCCZYIPFleP0Pht9giUzj0DdMAQ
https://www.researchgate.net/profile/Kaneez_Hussain?_sg%5B0%5D=zk2Nl7Wa5aqrU44rN-CgqWp70lzogZbLGFdTUFsI0EawqyJtDE58qiylZo56-cc0VlUm8c0.s7Jr0trsMLLWuWrhnAli3lSoF_mLAA4hA3zj00mLBdIurJeBho7D1slBWQ2Il8YjjYJUTDXYW5BwAQXDjpmcag&_sg%5B1%5D=PEsLaybiRHAPiJDUoioPIxdT6rE6wisz9AUcWz2IZl936elfoclgiOh_bfkrYYBNQn0OAiAbfZ8l_yRd.vxlqbiy2VqIGUbm6Z_pW0yj4DXh0wZu71AfN7i_kvZqTAb9bI10pDY6nt81DCCZYIPFleP0Pht9giUzj0DdMAQ

