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Abstract

With the increasing rate of production and usage of
nylon-66, the environmental effect of plastics is currently
a global concern. The widespread and careless use and
disposal of these non-biodegradable materials has
severely disrupted and harmed the environment and
its biodiversity. To overcome these problems, ionic
liquids have shown efficient potential as catalysts for
hydrolysis waste nylon-66 into dibenzoyl derivatives
of hexamethylenediamine (DBHMD) and adipic acid.
Ionic liquids [emim]BF,, [bmim]BF, and [bmim]PF
successfully catalysed the hydrolysis of waste nylon-66 at
different extents. 1.9 g (.1 mol) of [emim]BF, has shown
the maximum catalytic efficiency during hydrolysis of
nylon-66 at 120 °C when the reaction was performed for
five hours. In comparison, 2.3 g (.1 mol) of [bmim]BF,
and 2.8 g (.1 mol) of [bmim]PF, showed the maximum
catalytic properties at 120 °C when the hydrolysis reaction
was performed at seven and nine hours, respectively.
However, the hydrophilic nature of IL [emim]BF, has
shown more efficiency as a catalyst in the hydrolysis of
waste nylon-66.
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Introduction

Plastics are a necessary component of contemporary life. Since
the 1950s, when plastics were first produced in large quantities, it
has become nearly impossible to live without them'. Due to their
molecular makeup and additions, plastics are incredibly adaptable
materials that significantly improve human welfare through various
valuable applications. However, due to their relative inertness and
lack of biodegradability, plastics pose a significant treatment and
disposal challenge in managing urban solid waste >. Unquestionably,
these non-biodegradable materials’ widespread and careless use
and disposal have severely disrupted and harmed the environment
and its biodiversity®’. Due to the restricted means of treatment and
disposal combined with the increasing production and usage
rates, plastics’ environmental effect is currently a global concern.
Polyamide materials are commonly used because of their outstanding
performance. Nylon-6 and nylon-66 comprise approximately 90% of
all amide products, and both are equally significant. Consequently,
research on polyamides primarily concentrates on these two types,
and this study also addresses them. The increasing production rate
of nylon-6 and nylon-66 is causing environmental pollution. Various
studies have shown an urgent need to solve the environmental
pollution caused by these polyamides **. When polyamides are
disposed of in landfills, they can persist for several decades or even
centuries 7. This process produces toxic and dangerous gases that
cause air pollution ®. Furthermore, many unacceptable disposal
practices are frequently used in nations like India, including open
dumping, uncontrolled incineration °, unscientific composting and
incorrect landfilling '°. Growing public concern over this issue has
sparked interest in the study of the biodegradation of naturally very
stable polymers, such as polyethene and polystyrene. Only 10% of the
140 million tons of synthetic polymers generated annually worldwide
are recycled or reused due to the scarcity of disposal options ''. To
overcome this problem, There are several methods for disposing
of waste nylon, but the most effective way to address this issue is
to break it down into usable monomers. Any physical or chemical
change in a polymer’s properties brought on by outside factors
(such as light, heat, moisture, etc.), chemical reactions, or biological
activity is known as polymer degradation. Chemical processes such
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as pyrolysis '**3, solvent precipitation theory %, alkaline hydrolysis
16, acidic hydrolysis 7%, hydrothermal reaction ', microwave-assisted
hydrolysis %, ammonolysis %, alcoholysis %, enzymatic hydrolysis
and, environmental degradation % are used to break down waste
polymers. Some of the methods mentioned above use hazardous
and volatile reagents, which not only pollute the environment but
also involve harsh reaction conditions. The need to substitute these
hazardous volatile solvents has become urgent, as many of them are
flammable, toxic, and quite dangerous compared to ionic liquids (ILs).
The growing focus on adopting cleaner technologies has garnered
significant attention from researchers and the industry.

ILs is gaining attention as potential replacements for volatile organic
solvents. They are categorized as green solvents since they are
recyclable, nonflammable, and non-volatile. They are regarded as
favourable medium candidates for chemical syntheses because of their
exceptional qualities, including their excellent solvating potential %,
thermal stability ¥, and their adjustable properties by appropriate
cations and anions *. Ionic liquids have been demonstrated during
the last two decades to be extremely promising “green” solvents
that provide several benefits over conventional organic solvents %
The chemical industry considers them valuable solvents due to their
exceptional solvent properties, stability at high temperatures, and
low volatility. The melting point of ionic liquids (ILs) is lower than
100 °C or room temperature (RTILs) since they only include organic
cations and inorganic or organic anions *!. Interest in ionic liquids
has grown significantly as a potential replacement for volatile organic
solvents. ILs is also called greener solvents because of their recyclable,
nonflammable, and non-volatile properties.

According to Kamimura A. et al. (2007), the counter anions in ionic
liquids play a crucial role in the depolymerisation of polyamides. The
study found thatusing DMAP (4-dimethylaminopyridine) asa catalyst
and N-methylpyrrolidone as a solvent can achieve an impressive
86% yield of caprolactam after processing for six hours at 300 °C .
An ionic liquid [Bmim] [FeCl] can catalyse the depolymerisation
of lignin to methyl p-hydroxycinnamate. Overall catalyst [FeCl ]
found an important part during the catalytic process, having two
activation modes and three distinct reaction routes that can be used
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to achieve the complete depolymerisation of the model compound
lignin *. Ionic liquid [emim]BF, is an example of a hydrophilic ionic
that effectively degraded nylon-6 into caprolactam monomer. The
ionic liquid was successfully separated from the obtained monomer
by the simple extraction method **. Without the use of conventional
acid or base catalysts, the methanolysis of poly (lactic acid) (PLA) was
accomplished with ease at lower pressures and temperatures when
the ionic liquid [Bmim][Ac] was used as a catalyst **. There has been a
considerable amount of research on the breakdown of PET, polyester,
lignin, cellulose, etc., but more work is needed on the breakdown of
polyamide nylon-66.

This research aims to identify ionic liquids as catalysts for the
hydrolysis of waste nylon-66 to produce monomers. Specifically, it
examines 1-ethyl-3-methylimidazolium tetrafluoroborate ([emim]
BF)), 1-butyl-3-methylimidazolium tetrafluoroborate ([bmim]BF,),
and 1-butyl-3-methylimidazolium hexafluorophosphate ([bmim]
PF,). The study will compare the efficiency of these ionic liquids and
optimise nylon-66 degradation at various temperatures and times,
measuring theyield of dibenzoyl derivatives of hexamethylenediamine
(DBHMD) and adipic acid.

Material and experimental method
Material

All the various ionic liquids (ILs) used in this study were prepared
in the laboratory. The 1-methylimidazole (99% pure) needed for
synthesising the ILs was obtained from Sigma-Aldrich. All other
chemicals used were of analytical grade. Solutions of 5N HCI and
5N NaOH were prepared using double-distilled water. Experimental
method

To purify it, the nylon was treated with a1 g/L solution of nonionic
detergent at a temperature of approximately 70-80 °C for 6 to 7 hours.
Following this treatment, it was thoroughly rinsed with distilled
water to remove any surface impurities and then allowed to dry at a
temperature of around 60-70 °C for 3 to 4 hours.

Next, 0.2 g of nylon-66 and 20 mL of 5N HCI were refluxed with 1.9
g (0.1 mol) of [emim]BF, as a catalyst for 5 hours at a temperature
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ranging from 80 to 120 °C. After the reaction cooled, the unreacted
nylon-66 was separated, and the reaction mixture was neutralised
with 5N NaOH to achieve a slightly alkaline pH (7-7.5). The addition
of benzoyl chloride to this alkaline mixture precipitated a dibenzoyl
derivative of hexamethylenediamine (DBHMD), which was then
recrystallised using ethanol. After filtration, the filtrate primarily
contained adipic acid, extracted with 20 mL of ethyl acetate in ten
separate extractions. The ethyl acetate was then concentrated under
reduced pressure using a rotary evaporator, yielding a colourless
solid of adipic acid that was further recrystallised with methanol. The
ionic liquid was also recovered using a rotary evaporator.

This experiment was repeated at different times and temperatures
for an optimisation study. For comparison, 2.3 g (0.1 mol) of [bmim]
BF, and 2.8 g (0.1 mol) of [bmim]PF, were used as catalysts for the
hydrolysis of nylon-66. The reaction scheme for the hydrolysis of
nylon-66 in the presence of ionic liquids as catalysts is illustrated in
Figure 1.

i e
~|Z N~ CH, )—N - CtCH, c}
n
Nylon - 66
5N HC1
Time [IL] Catalyst
Temp.

o o)
I I
H,N - (CH,); - NH, + HO-C-(CH,),-C-OH
Hexamethylene diamine Adipic Acid
Excess of
CsH5COCl
i i
CrE-ANACH 3 NH-C)
DBHMD

Figure 1: Hydrolysis of nylon-66 using IL as catalyst
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Result and Discussion
Hydrolysis of nylon-66 using IL [emim]BF, as a catalyst

When nylon-66 was hydrolysed without a catalyst at 60°C for five
hours, the yield of DBHMD and adipic acid was found to be 1.16 g
and 0.006 g, respectively. At 120°C, the yields increased to 1.74 g of
DBHMD and 0.013 g of adipic acid. However, it was the introduction
of anionicliquid (IL) catalyst that truly made a difference, significantly
enhancing the yields of the monomers. Specifically, when nylon-66
was hydrolysed using 0.1 mol of [emim]BF, at 120°C for five hours,
the maximum yields were recorded: 3.74 g of DBHMD and 0.098 g
of adipic acid. At 140°C, there was a slight decrease in the yields.
Additionally, it was noted that hydrolysis of nylon-66 at 100°C for five
hours produced fewer monomers compared to the reaction at 120°C
for four hours, both conducted with the same catalyst concentration.
This indicates that as the temperature increases, the degradation time
decreases. The results are summarised as follows in Table 1.

.2g of nylon-66 + 1.9g (0.1 mol.) of [emim]BF,
Conc. of . . .
E(r)'. [emim]BF, (TI:;’;“; T(ﬁg;p DBHMD (g) i?&fz;
()
Different temp.
1 0 5 60 1.13 .006
2 0 5 120 1.74 .013
3 1.9 5 80 2.62 .051
4 1.9 5 100 3.11 .063
5 1.9 5 120 3.74 .098
6 1.9 5 140 3.69 .091
Different time
1.9 4 120 3.41 072
8 1.9 3 120 2.83 .039

Table 1: Hydrolysis of nylon-66 in [emim]BF4 catalyst

Hydrolysis of nylon-66 using IL [bmim]BF, as catalyst

The hydrolysis of nylon-66 in 0.1 mol of [bmim]BF, catalyst is
summarised in Table 2. It was observed that the ionic liquid [bmim]
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BF, catalysed the hydrolysis of waste nylon-66 to a lesser extent than
[emim]BF,. When we performed the hydrolysis of nylon-66 for five
hours at 120 °C using 0.1 mol of [bmim]BF, as a catalyst, we obtained
a smaller amount of DBHMD and adipic acid compared to using 0.1
mol of [emim]BF4 under the same reaction conditions. Additionally,
even after extending the reaction time to seven hours with 0.1 mol
of [bmim]BF,, the yield of monomers remained lower at 120 °C. This
indicates that [bmim]BF, is less efficient as a catalyst for the hydrolysis
of nylon-66 than [emim]BF,.

.2g of nylon-66 + 2.3g (0.1 mol.) of [bmim]BF,

Sr. | Conc. of [bmim] | Time | Temp Adipic
no.|  BE,(g) mrs) | cc) | PBEMDG@) | 4 (g
Different temp.

1 0 7 60 1.19 .008
2 0 7 120 1.93 .013
3 2.3 7 80 1.98 .028
4 2.3 7 100 2.68 .033
5 2.3 7 120 2.99 .048
6 2.3 7 140 2.87 .032
Different time
7 2.3 6 120 2.71 .041
8 2.3 5 120 2.23 .026

Table 2: Hydrolysis of nylon-66 using [bmim]BF, as catalyst

Hydrolysis of nylon-66 using IL [bmim]PF, as catalyst

AsshowninTable 3, nylon-66 was hydrolysed at varying temperatures
and durations while 2.8 g (0.1 mol) of [bmim]PF6 was used as a
catalyst.

.2g of nylon-66 + 2.8¢ (0.1 mol.) of [bmim]PF,

Sr. Conc. of Time | Temp Adipic
no. |[bmim]PF, (g)| (hrs) | ¢c) | PEEMD®) | L4 (g)
Different temp.

1 0 9 60 1.20 012
2 0 9 120 2.06 011
3 2.8 9 80 1.32 019
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4 2.8 9 100 2.01 .020

5 2.8 9 120 2.31 .024

6 2.8 9 140 2.26 .019
Different time

7 2.8 8 120 2.16 .021

8 2.8 7 120 1.55 .016

Table 3: Hydrolysis of nylon-66 using [bmim]PF, as catalyst

When we compare the hydrolysis of nylon-66 in the absence of
IL and with IL as a catalyst at 120 °C for nine hours, we observe a
significant but slight difference in DBHMD and adipic acid yield. In
the absence of IL, the yield of DBHMD and adipic acid was 2.26 g
and .011 g, respectively, while in IL as a catalyst, the yield was
2.31g and .024g, respectively. These results underscore the modest
efficiency of [bmim]PF, as a catalyst in the hydrolysis of nylon-66,
providing valuable insights for further research. Our experimental
work revealed that all three ILs effectively catalysed the hydrolysis
of nylon-66 to varying degrees. We observed that the maximum yield
of monomers was achieved at 120 °C, and as the temperature was
further increased to 140 °C, the yield of monomers decreased. This
temperature sensitivity is a critical factor in the hydrolysis process. The
higher mobility of [emim]* and BF, ions, due to their lower viscosity,
facilitated a quicker hydrolysis of nylon-66. Conversely, the higher
viscosity and lower mobility of [bmim]* and PF  ions resulted in a
longer hydrolysis time. Among the three ILs, due to the hydrophilic
nature and less viscosity of [emim]BF,, it enhances the water
molecule to interact with the amide (-CO-NH-) linkages of nylon-66
and accelerate the hydrolysis of nylon-66 and showed more efficiency
as the catalyst. Due to the hydrophobic nature and high viscosity of
[bmim]PF,, it does not initiate the water molecules to penetrate the
nylon-66 matrix, resulting in less degradation of nylon-66 and less
efficiency as the catalyst. IL [bmim]BF, has moderate solubility in
water and moderate viscosity. Hence, it has shown moderate catalytic
properties. ILs are not directly involved in breaking amide linkages,
but they help the water molecules enter the nylon matrix, resulting
in the cleavage of amide linkage. The following charts illustrate the
variation in DBHMD and adipic acid amounts across different ionic
liquids.
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Figure 1: Variation of DBHMD in different ILs with the temperature
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Figure 2: Variation of adipic acid in different ILs with the temperature

Hydrolysis of nylon-66 follows through the following mechanism.
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Step-1 : Hydrolysis

@ @ Q Q
v -HN-(CH,), -NH-C-(CH,),-C-NH~(CH,),-NH-C - (CH,),-C-+w

l3H+

. 9, s ¥ 9
s-HN-(CH,),-NH-C~(CH,),-C-NH~(CH,);-NH-C - (CH,),-C-wr
H '> >H H

H/a\H H/"\H H/"\H
l-m*

o) o) o) o
I I I 11
ww -HN-~(CH,),-NH, + HO-C-(CH,),-C-OH + NH,-(CH,),-NH,+ HO-C-(CH,),-C- v

Step-11 : Benzoylation

H H OH HO

1-11}';-(0—1,).s 1'\11{ ... @C- -(CH)), -N-C-@
CH,CO'CI CH,CO'Cr DBHMD
Figure 3: Mechanism of hydrolysis of nylon-66

Characterisation of Monomers

Both monomers DBHMD and adipic acid were characterised by FT-
IR and 1TH-NMR techniques. Both the monomers were washed with
water and recrystallised with ethanol. The melting points of DBHMD
and adipic acid were recorded as 58°C and 150°C, respectively.

FT-IR of DBHMD

FT-IR ecm™ 3305.37 (N-H stretching), 1698 (C=O stretching), 1627,
1530, 1479, 1374 (C=C stretching in benzoyl group), 1416 (C-C
stretching in CH, groups), The two peaks at 788 and 861 corresponds
to mono-substituted benzene ring. Due to the symmetrical structure
of BDHMD, only one peak for N-H and C=0 stretching was obtained.
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Figure 4: FT-IR of DBHMD

'H-NMR of DBHMD

DBHMD has a symmetrical structure featuring two benzoyl groups
and six methylene (>CH2) groups. Two distinct multiplets correspond
to the protons of the aromatic ring and the twelve methylene protons.

'H-NMR (5 ppm) (500 MHz, DMSO-d,): 7.46-8.55 (m, 5H, Ar-H),
1.29-3.94 (m, 12H, 6 >CH.)
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FT-IR of adipic acid

FT-IR (cm™): Adipic acid exhibits a broad absorption band in the
2500-3000 cm-1 region, attributed to -OH stretching in the carboxylic
group (-COOH).

2662 (-OH stretching in -COOH)), 2887-2951 (C-H stretching in >CH.),
1682 ( >C=0 stretching), The bands below 1500 cm™ are due to C-O
and C-C stretching and bending, respectively.
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Figure 6: FT-IR of adipic acid

"H-NMR of adipic acid

The carboxylic (-COOH) group in adipic acid was recognised by the
singlet peak above 10 ppm. Adipic acid contains four methylene
(>CH,) groups. The two >CH,, groups show a peak at a higher & value
than the middle two >CH, groups.

'"H-NMR (8 ppm) (500 MHz, DMSO-d,): 1.53 [t, 4H, -CH -CH -CH -
CH,-], 2.20 [t, 4H, -CH,-CH,-CH,-CH,-], 11.97 [s, 1H, -COOH]. The
DMSO-d, displayed a singlet peak at 62.52 ppm.
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Figure 7: IH-NMR of adipic acid

Conclusion

The hydrolysis of nylon-66 using [emim]BF, [bmim]BF, and [bmim]
PF, as catalysts provides valuable insight into a novel approach
for the breakdown of polyamide and the disposal of this widely
used synthetic polymer. All these three ionic liquids have shown
the successful hydrolysis of nylon-66 into the dibenzoyl derivative
of hexamethylenediamine (DBHMD) and adipic acid, and these
monomers were confirmed by FT-IR and 'H-NMR techniques. In this
experimental work, IL [emim]BF, has shown maximum efficiency as
a catalyst in the hydrolysis of nylon-66 and breaks down the amide
linkages at a maximum extent due to the maximum solubility in
water. Meanwhile, ILs [bmim]BF, and [bmim]PF, have shown less
efficiency as catalysts due to moderate and least solubility in water,
respectively. The hydrolysis of nylon-66 using ionic liquids (ILs) as
a catalyst provides a viable solution to address the environmental
pollution associated with the disposal of waste nylon-66. This material
is durable and persistent in the environment, and this hydrolysis
method does not produce any harmful by-products. Parameters such
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as temperature and reaction time play a significant role in optimising
the degradation process. Due to the low volatility and reusability
of ionic liquids, they do not create any additional burden on the
environment. It was regenerated at the end of the reaction without
changing its efficiency, and it can be used four to five times.

Acknowledgement

We thank the Principal, Sardar Patel Mahavidyalaya, Chandrapur
(M.S.), for providing the facilities to perform the experiments. We
are also thankful to SAIF, Punjab University, Chandigarh, SAIF,
STIC, Kochi University, Kochi, Nagpur University, Nagpur for 'H,
BC-NMR, and FT-IR analyses of the samples.

Funding Sources

The author(s) received no financial support for the research,
authorship, and/or publication of this research article.

Conflict Of Interest

The author declares that there is no conflict of interest.

Authors’ Contribution

Both authors were equally involved in performing experimental
work and preparing the manuscript.

Data Availability Statement
Data is generated by the study undertaken by the author.

Ethics Approval Statement

This research does not involve human participants, animal subjects,
or any material that requires ethical approval.

Consent Statement

This study did not involve human participants, and therefore,
informed consent was not required.

78



Chikte and Madhamshettiwar Optimisation Study of Efficiency of lonic Liquids

References

[1].

2].

[3].

[4].

[5].

[6].

[7].

[8].

[9].

Barnes, D. K. A., Galgani, F.,, Thompson, R. C., & Barlaz, M.,
“Accumulation and fragmentation of plastic debris in global
environments”, Philosophical Transactions of the Royal Society
B: Biological Sciences, 364(1526), 1985-1998, 2009

Priyanka, N., & Archana, T., “Biodegradability of Polythene
and Plastic by the Help of Microorganism: A Way for Brighter
Future”, Journal of Environmental & Analytical Toxicology,
01(02), 2011.

Barnes, D. K. A., Galgani, F.,, Thompson, R. C., Barlaz, M.,
“Accumulation and fragmentation of plastic debris in global
environments” Philosophical Transactions of the Royal Society
B: Biological Sciences, 364(1526), 1985-1998, 2009.

Cincinelli, A., Scopetani, C., Chelazzi, D., Martellini, T.,
Pogojeva, M., & Slobodnik, J., “Microplastics in the Black Sea
sediments”, Science of the Total Environment, 760, 143898, 2021.

Maheswaran, B., Karmegam, N., Al-Ansari, M., Subbaiya, R,,
Al-Humaid, L., Raj, J. S., & Govarthanan, M., “Assessment,
characterization, and quantification of microplastics from river
sediments”, Chemosphere, 298, 134268, 2022.

Li, H, Yang, Z, Jiang, F., Li, L., Li, Y., Zhang, M., & Sun, W.,
“Detection of microplastics in domestic and fetal pigs’ lung tissue
in natural environment: A preliminary study”, Environmental
Research, 216, 114623, 2023.

Yang, S, Cheng, Y., Liu, T.,, Huang, S. Yin, L, Pu, Y,
& Liang, G., “Impact of waste of COVID-19 protective
equipment on the environment, animals and human health: a
review”, Environmental Chemistry Letters, 20(5), 2951-2970,
2022.

Bonhomme, S., Cuer, A. Delort, A. M. Lemaire, ],
Sancelme, M., & Scott, G., “Environmental biodegradation of
polyethylene”, Polymer degradation and Stability, 81(3), 441-
452, 2003.

Soto-Salcido, L. A., Pihlajaméaki, A., & Manttdri, M., “Reuse
of end—of —Life membranes through accelerated polyamide
degradation”, Waste Management, 171, 124-133, 2023.

79



Mapana - Journal of Sciences, Vol. 23, No.4 ISSN (0975-3303

[10].

[11].

[12].

[13].

[14].

[15].

[16].

[17].

[18].

[19].

[20].

80

Kandakatla, P., Mahto, B., & Goel, S.,, “Extent and rate of
biodegradation of different organic components in municipal
solid waste”, International Journal of Environment and Waste
Management, 11(4), 350-364, 2013.

Masayuki, S., “Biodegradation of plastics”, Current opinion in
Biotechnology, 12(3), 242-247, 2001.

Perna, A.; Angotzi, G.N.; Berdondini, L.; Ribeiro, J.F,
“Advancing the interfacing performances of chronically

implantable neuralprobes in the era of CMOS neuroelectronics”,
Front. Neurosci., 17, 1275908, 2023.

Pannase, A. M., Singh, R. K, Ruj, B, & Gupta, P,
“Decomposition of polyamide via slow pyrolysis: Effect of
heating rate and operating temperature on product yield and
composition”, Journal of Analytical and Applied Pyrolysis, 151,
104886, 2020.

Krause, A.; Lange, A.; Ezrin, M.; Ruby, K., “Plastics Analysis
Guide: Chemical and Instrumental Methods”, Hanser Publishers:
Munich, Germany, 1983.

Wang, Y., “Fiber and textile waste utilization, Waste and biomass
valorization”, 1, 135-143, 2010.

Puhan, M. R, Sutariya, B., & Karan, S., “Revisiting the alkali
hydrolysis of polyamide nanofiltration membranes”, Journal of
Membrane Science, 661, 120887, 2022.

Meyer, A., Jones, N, Lin, Y., & Kranbuehl, D., “Characterizing
and modeling the hydrolysis of polyamide-11 in a pH 7 water
environment”, Macromolecul- es, 35(7), 2784-2798, 2002.

Moiseev, Y. V., & Zaikov, G. E., “Chemical resistance of polymers
in aggressive media”, Springer Science & Business Media, 1987.

Wang, Z. L., Xu, J. L., Yuan, Q., Shibraen, M. H., Xu, J., & Yang,
S. G., “Hydrothermal treatment of polyamide 6 with presence of
lanthanum chloride”, Chinese Journal of Polymer Science, 34(4),
399-406, 2016.

Cesarek, U., Pahovnik, D., & Zagar, E., “Chemical recycling
of aliphatic polyamides by microwave-assisted hydrolysis for
efficient monomer recovery”, ACS sustainable chemistry &
engineering, 8(43), 16274, 2020.



Chikte and Madhamshettiwar Optimisation Study of Efficiency of lonic Liquids

[21].

[22].

[23].

[24].

[25].

[26].

[27].

[28].

[29].

[30].

Coeck, R., De Bruyne, A., Borremans, T., Stuyck, W., & De
Vos, D. E., “Ammonolytic hydrogenation of secondary
amides: an efficient method for the recycling of long-chain
polyamides”, ACS Sustainable Chemistry & Engineering, 10(9),
3048-3056, 2022.

Kamimura, A. Kaiso, K., Suzuki, S., Oishi, Y., Ohara, Y.,
Sugimoto, T., & Yoshimoto, M., “Direct conversion of polyamides
to w-hydroxyalkanoic acid derivatives by using supercritical
MeOH” Green Chemistry, 13(8), 2055-2061, 2011.

Tournier, V., Duquesne, S., Guillamot, F., Cramail, H., Taton,
D., Marty, A, & André, I, “Enzymes power for plastics
degradation”, Chemical Reviews, 123(9), 5612-5701, 2023.

Fernandez-Gonzélez, V., Andrade,].M.,Ferreiro,B.,L6pez-Mahia,
P., & Muniategui-Lorenzo, S., “Monitorization of polyamide
microplastics weathering using attenuated total reflectance and
microreflectance infrared spectrometry”, Spectrochimica Acta
Part A: Molecular and Biomolecular Spectroscopy, 263, 120162,
2021.

Tachibana, K., Hashimoto, K., Yoshikawa, M., & Okawa, H.,
“Isolation and characterization of microorganisms degrading
nylon 4 in the composted soil”, Polymer degradation and
stability, 95(6), 912-917, 2010.

Plechkova, N. V., & Seddon, K. R., “Applications of ionic liquids
in the chemical industry”, In Chemical Society Reviews, 37(1),
123-150, 2008.

Meine, N., Benedito, F., & Rinaldi, R., “Thermal stability of ionic
liquids assessed by potentiometric titration”, Green Chemistry,
12(10), 1711-1714, 2010.

Zhang, W., & Cue, B. W. (Eds.)., “Green techniques for organic
synthesis and medicinal chemistry”, John Wiley & Sons, 2018.

Rogers, R. D., & Seddon, K. R. (Eds.), “Ionic liquids as green
solvents: progress and prospects”, American Chemical Society,
2003.

Hallett, J. P., & Welton, T., “Room-temperature ionic liquids:
solvents for synthesis and catalysis”, Chemical reviews, 111(5),
3508-3576, 2011.

81



Mapana - Journal of Sciences, Vol. 23, No.4 ISSN (0975-3303

[31].

[32].

[33].

[34].

[35].

82

Rogers, R. D., & Seddon, K. R. (Eds.), “Ionic liquids as green
solvents: progress and prospects”, American Chemical Society,
2003.

Kamimura, A., & Yamamoto, S., “An efficient method
to depolymerize polyamide plastics: A new use of ionic
liquids”, Organic Letters, 9(13), 2533-2535, 2007.

Zhang, T., Zhang, Y., Wang, Y., Huo, F., Li, Z,, Zeng, Q., He,
H., & Li, X., “Theoretical insights into the depolymerization
mechanism of lignin to methyl p-hydroxycinnamate by [Bmim]
[FeCl,] ionic liquid”, Frontiers in Chemistry, 2019.

Kamimura, A., Shiramatsu, Y., & Kawamoto, T,
“Depolymerization of polyamide 6 in hydrophilic ionic liquids”,
Green Energy and Environment, 4(2), 166-170, 2019.

Song, X., Zhang, X.,, Wang, H., Liu, F, Yu, S, & Liu, S,
“Methanolysis of poly(lactic acid) (PLA) catalyzed by ionic
liquids”, Polymer Degradation and Stability, 98(12), 2760-2764,
2013.



