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ABSTRACT

The increasing amount of waste generated from polypropylene (PP) protective gears used
during and post COVID outbreak has exacerbated plastic waste management challenges.
This thesis explored novel opportunities for valorization of waste PP to address
environmental concerns and develop efficient materials for advanced applications. At the
beginning an emulsion templated, mesoporous PP scaffold of specific surface area
exceeding 170 m?*g, confirmed by BET and SAXS analyses, was developed for oil
adsorption to address oil spill management. The emulsion-templated porous scaffolds
demonstrated a high oil adsorption capacity of 7.5 g/g for petrol, which was comparable to
commercial nonwoven PP absorbent pads. To further enhance practical applications of the
material a 3D printed funnel was fabricated using sacrificial templating 3D printing,
achieving a separation efficiency of 99.8% for petrol/water mixtures over ten cycles
without any decline in performance, hydrophobicity, or structural integrity. Subsequently
to address the dual challenges of pollution from heavy metals and plastic waste, a waste
PP-based reversible sensor was fabricated to selectively detect copper ions (Cu?*) in blood
and water from various sources. The sensor was fabricated as an emulsion-templated
porous scaffold decorated with benzothiazolinium spiropyran (BTS), which produced a
reddish color upon Cu** exposure. Detection capabilities were confirmed through naked-
eye observation, UV-Vis spectroscopy, and current measurement via a DC probe station.
The sensor maintained consistent performance in diverse environments, including blood,
various water sources, and acidic or basic conditions and exhibited a detection limit of 1.3
ppm for Cu*, in agreement with WHO recommendations. Its reversible nature was
validated through cyclic exposure to visible light and XPS analysis through Cu*-Cu*

exchange.



Further advancing the applications of waste PP, the scaffold was functionalized
with chemically modified calixarene (CMC) via Fenton reaction for efficient strontium ion
(Sr**) adsorption, to meet the concerns related to radioactive pollutants from nuclear
reactors. Adsorption isotherms were studied using Langmuir and Freundlich models, with
the maximum adsorption capacity determined to be 131.74 mg/g, favoring the
physisorption process due to the scaffold’s porous nature. The pseudo-second-order kinetic
model, based on data fitting, suggested chemisorption of Sr** ions by the hydroxyl groups
of the CMC grafted on the PP scaffold. Lastly, an antimicrobial PP scaffold was
synthesized by grafting acrylic acid (AA) onto PP scaffold via a Fenton reaction. Green
synthesis of silver nanoparticles (AgNPs) using the root extract of Nyctanthes arbortristis
was employed, and the AgNPs were immobilized onto the grafted PP scaffold to form PP-
g-AA-Ag composites. The composites exhibited significant antibacterial activity against E.
coli and S. aureus, with smaller AgNPs demonstrating higher efficacy (99.35% for E. coli
and 99.55% for S. aureus) compared to larger AgNPs (97.55% for E. coli and 98.05% for
S. aureus). The antibacterial performance was confirmed by bacterial reduction percentages
and zone of inhibition (ZOI) values, affirming the enhanced antimicrobial properties of the
PP-g-AA-Ag scaffolds. The combination of porous PP, acrylic acid grafting, and green-
synthesized AgNPs offered a versatile platform for mitigating bacterial growth,
contributing to global health challenges in addition to plastic waste management.

Overall, this research demonstrated innovative approaches to repurpose waste PP
into functional materials for environmental remediation and health applications. The
findings highlighted the potential for commercial scalability and broader applicability in
plastic waste valorization, providing a significant contribution to sustainable development

and environmental protection.
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|Riel
PIfde-19 HEMRT & AR 3R d1E H 3UAT Y 1Y GTelgifiei (didh) geamde MR 4
3 37Ufee PT gad! AT A T 37uferse Yav hl gAHaaN Bl ger feam 21 g9 M o
TTeRUTIE I3 BT HHTHTT B 37R 3=d 3IHANN &b 6T Hored A faeEd o &
forg sruferee Wit & Yoaarh & fay 97 3raeRi & @ist S T 31d H, adt Rara wavd
& AT U SHGM SHIeIcE, AR Uit Whwies faeia fosar ma, e fafere adg
&3 170 m%/g & 31feies T, foieeh! Yiee gt 31K THURATH fdeivuT gRT <l T8 &ff | SHeel-
CHIeIeS TBgaR Whhloed 1 Ugid & foQ 7.5 g/g &Y 3o del TERITOT &HAdT Yafeld P, ST
qIoTfSIes ATaTa Tt a2 ve Y8 9 aRTeR 2ft| ATt & AATaeTRe gy &l 4R ggm
& forg, afererfies Srafen 3D fUife &1 3uahT s Ues 3D Hfsd WAd daR fasar war, s
oA fosdt gl STAfaR AT I TeTe D 3RGSdT H fTRTae & g Il H UeTal/aTT & fasor
&b eI 99.8% el JIeRBUT S&IdT YTt BT &1 dTG # HRT UTg3il 31K wiifEdss 3mferse 4§
TGEUT bl QIedt YA BT FHTHT B P TeiQ, fafi=T Hrdl I Terd 3IR Tt | dier 31
(Cu?") BT TIATHS BY I TdT i & T@Q 3raferse giil-3mumRd gfdad! 98- dOR fasar
AT YR BT SSifearsifeiom g (§1E10H) § TSI 1Y gHeR M-S fBger
Thhics & BY H qIR far a7 &1, ST Cu2t & TUd § 31T TR 1T 317 BT 318 dBdT Tl
T & HTEIH I IdqE HIUA gRT dl T8 off | IR 7 I, fafi=1 ST |l 3R 37l a1

&R feefaat afgd fafi=1 ardrarull # oiTdR YeeiF ST 3@ 37K Seeg Qa3 i [AwrRel
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& ITAR Cu?* & fAT 1.3 ppm BT TdT @ T HAT Faffd DT Hb! Hdad! Ugpid Bl g
TeTR[ & TehI WO 3R Cu'- Cu' TaRTAST & AT Y QaAUIGH faoeToT gIRT #I=T fasa
T 2T

3rgferse didt & gy Y 3R 3 §8Td gY, TRHTY] RuaRt & AfgareHT ygwa! &
Teifad ferarsit & Q@ B & g, Thwies Bl thed Ufdfdar & Aread I IHe B9 3
TeNfod dBfctarT (FUHET) & TT BRITHS -7 T-T 2T, dTfds WifeaH 371 (Sr2) &l
2l JTETTTOT b T ST Hep | AN 3R Yhsfeiel AISeT BT 3TN ehch TTENYUT 3TgHTeH
BT 37T fosar T, SR 31ftdsan 31fUeyoT ear 131.74 me/g FuiRa & 78, S
ThpIee B fegyuf gesfd & HRUTifde rfeeieoT Uit &7 UanR €1 Ba-ga A & TTfast
Hisd, 3T fihfeT & MR W, Uit Whthles R UTHR fY T HTAI & eregiiaad Tg! gRT
Sr2* AT & IR NSO BT germa feam maml 3id #, U CHgshifedd uidt
ThWies BT HATUT thed ufdfshar & Ay I didt Wthlee W Ufsbleies TR (TT) Y
TR e T T | ATaderd 3raRIERREH & STg febTa &1 IuT e¥ds Fidl b ATl
(AgNPs) BT &1 HLANUT T 7T 2T, 31K AgNPs Bl TIH-Si1-YU-Tsit dulfoie M & @y
YIRS YT TWhthles W @R fbaT TaT o1 HuUIfsied 7 €. didl 3R 9. 31RT & s
eyl SRt wfafafer gefeld &, o B¢ TSt 98 Toigadt B gorr ¥ 3
TMTIRTIRAT (3 BT & flT 99.35% 31R TH 31RT & AT 99.55%) wefefd &vd € (S Blell &b
foTT 97.55% 3R T 3R & AT 98.05%)1 SHATTRE yeel B gfee daifar & st

gfderd 3R 9 &3 (ZOT) AT gRT <1 T, ST UTdT-Sit-UU-Usit Ehhles & ¢ §Y SIdTuRIH!
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TNt <Y Gfee ovar 21 fegyuf didt, Tfibfeies Tiis mftrT 3R g-deaifiid AgNPs & HasH
7 SRIRAT &b fABRT BT BH B &b fel§ U TgHET Hel I G2Ah2 Y, S WD AU
Y& & 37T dfdes Tared gAtfaal # Anre <dT gl

Fo AT, 39 2 7 gaferoity 3w 3R WRea 3wt & fay smfse did)
&1 Bt FHUT H G: TANT B &b iy Fd1T gfeeepror yafeld fobg) fsepsf 3 wrfes
37T Hod T H AT R W 3R SATdeh AT T bl HHTEAT TN HehT2I ST,

ST Fdd faepr 3R qgiaRoT FRE0T H He@quT A1Ter e adl 8|
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(5) 0.8 in water samples.
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Figure 6.5 | (A) Preparation of the sample for analysis, (B) Current-Voltage
graph of PP-BTS membrane without copper, with copper and after 5 minutes.
Figure 6.6 | XPS spectra of (A) Cupric nitrate, (B) Colored form of BTS (Inset
showing a deconvoluted peak around ~930 eV) and (C) Light-yellow form of
BTS upon exposure to visible light (Inset showing a deconvoluted peak around
~930 eV).

Figure 6.7 | The representation scheme of INHIBIT logic operations.

Figure 7.1 | 'TH-NMR of the CMC product recorded in CDCI3.

Figure 7.2 | The ATR-FTIR graph of CMC grafted PP samples (A) full scan
and (B) zoomed region between 1550 and 1150 cm-1, (C) graph showing
degree of grafting calculated through FTIR and gravimetrically, and (D) XRD
graph of CMC and CMC grafted PP at 5%w/v CMC.

Figure 7.3 | FESEM images of (A) PP, (B) PPC3, (C) PPC5, (D) PPC10 and
(E) EDS data showing the percentage of carbon and oxygen in all mentioned
samples.

Figure 7.4 | The graph showing (A) Adsorption capacity of strontium ions for
different grafted samples, (B) The adsorption capacity of PPC5 sample in the
presence of other competitive ions.

Figure 7.5 | Plot of experimental data for the adsorption of Strontium ions from
aqueous solution by PPC5 sample (A) Langmuir isotherm and (B) Freundlich
isotherm.

Figure 7.6 | Plot of experimental data for adsorption of strontium ions by PPC5
sample at 25°C (A) pseudo first order kinetic and (B) pseudo second order

kinetic.
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Figure 8.1 | ATR-FTIR graph of PP grafted with AA (A) Full scan, (B)
Zoomed region, (C) Degree of grafting, and (D) Hydrophilic test for
functionalized and pristine PP.

Figure 8.2 | (A) Full XPS spectrum of PPA20 sample and Insets are high
resolution spectra of C 1s & O 1s, FESEM images of (B) Pristine PP, and (C)
PPA20.

Figure 8.3 | The visual appearance of synthesized AgNPs from root extract.
Figure 8.4 | Graph of synthesized AgNPs showing (A) UV-Vis spectra (B) Size
distribution vs wavelength, DLS measurements of AgNPs synthesized with
different volume of root extract (C) 0.5 mL, (D) I mL, (E) 1.5 mL, (F) 2 mL,
(G) 2.5 mL, (H) Average particle size.

Figure 8.5 | (A) TEM image of silver nanoparticles (Inset showing the SAED
pattern), (B) Size distribution histogram calculated via TEM image.

Figure 8.6 | The graphs of PP-g-AA-Ag including (A) ATR-FTIR, (B) XPS
full spectrum, (C) High resolution C 1s, (D) High resolution O 1s, (E) High
resolution Ag 3d, (F) FESEM image of PP-g-AA (PPA20), and (G) FESEM
image of PP-g-AA-Ag 2R.

Figure 8.7 | Bacterial colony growth of (A) PP-g-AA-Ag 2R in E. coli bacteria,
(B) PP-g-AA-Ag 2R in S. aureus bacteria, (C) PP-g-AA-Ag 0.5 R in E. coli
bacteria, (D) PP-g-AA-Ag 0.5R in S. aureus bacteria, (E) Graph showing
bacterial reduction percentage, Zone of Inhibition for (F) PP-g-AA-Ag 0.5R in
E. coli bacteria, (G) PP-g-AA-Ag 0.5R in S. aureus bacteria, (H) PP-g-AA-Ag

2R in E. coli bacteria, (I) PP-g-AA-Ag 2R in S. aureus bacteria.
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FDM Fused deposition modeling
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TEM Transmission electron microscopy
SAED Selected area electron diffraction
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