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ABSTRACT

Enhancing the functional performance of synthetic textiles, especially polye(thylene
terephthalate) (PET), is a key focus in material science and textile engineering. While
PET is popular in active wear due to its durability and light weight, its hydrophobicity
and flammability pose challenges for moisture management and safety. To overcome
these issues, the aim of this study is to investigate surface modification of PET with
advanced nanomaterials like nanodiamonds (NDs) and hydroxyapatite (HAp), aiming

for multifunctional and sustainable high-performance textiles.

Nanodiamonds (NDs) have emerged as a promising class of carbon nanomaterials, used
for their unique properties including low toxicity, ease of surface functionalization, and
excellent biocompatibility. Traditionally, NDs are synthesized through methods, which
are energy-intensive, require hazardous chemicals, and involve lengthy reaction times.
Recognizing the need for more sustainable alternatives, this study investigates the
synthesis of NDs via probe ultrasonication at ambient temperature and pressure, using
organic salts as precursors in an aqueous medium. This method significantly reduces
environmental impact and operational complexity. Characterization techniques such as
FESEM, HRTEM, FTIR, Raman, and XRD revealed that ultrasonication time is a
critical factor: shorter durations (30 min) yield metastable morphologies, while longer
ultrasonication (1 hour) produces high-quality cubic nanodiamonds. Acid purification
further sharpens the diamond Raman peak at 1332 cm™" and confirms the cubic crystal
structure, demonstrating that this green approach can reliably produce well-defined
NDs and its in-situ and ex-situ application of PET surface to achieve
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multifunctionalities such as water absorbency and fire retardancy. The development
enables the scalable production of nanodiamonds for advanced textile applications

without compromising environmental safety.

Building upon the green synthesis of NDs, the next part of the study discusses their
direct application onto PET fabrics to address the flammability and hydrophobicity of
PET fabric. In this study, a novel in-situ approach is employed, wherein carbon
nanostructures are synthesized directly on the PET surface using atmospheric pressure
dielectric plasma. This approach eliminates the requirement for independent
nanoparticle synthesis and later deposition, resulting in a more consistent and firmly
attached nanodiamond coating on the textile fibres. FESEM and HRTEM analyses
confirm the presence and morphology of the carbon nanostructures, while Raman and
FTIR spectroscopy validate the formation of NDs and their chemical integration with
the fabric. The functionalized PET fabrics exhibit marked improvements in flame
retardancy, with LOI values up to 26-28, as well as enhanced hydrophilicity, which is
crucial for comfort and moisture management in active wear. In-situ functionalization
not only simplifies the process but also produces textiles with durable, multi-functional

properties.

While treatment with NDs significantly improve flame resistance and surface
hydrophilicity, further enhancements in moisture management and UV protection are
desirable for high-performance active wear. To this end, hydroxyapatite (HAp), a
biocompatible ceramic commonly found in bone and teeth, was explored as a surface
coating for PET fabrics. In this study, HAp was synthesized via two distinct chemical

precipitation methods (coded as HApl and HAp2) and applied ex-situ to PET using a
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dip-pad-cure process. Both HAp coatings resulted in notable improvements in water
absorbency, wicking ability, quick-drying behavior, and ultraviolet protection factor
(UPF). However, fabrics treated with HApl demonstrate superior performance and
durability, even after multiple washing cycles. Detailed characterization using FESEM,
FTIR, Raman, and XPS reveals that the HAp1 process yields finer particles that interact
more intimately with the PET fiber surface, leading to stronger adhesion and more
robust functional properties. The successful application of HAp coatings not only

addresses the hydrophobicity of PET but also introduces multifunctionality.

Recognizing the promising results of HAp coatings, the further studies were directed
towards the in-situ synthesis of hydroxyapatite (In-HApl and In-HAp2) directly on
PET fabrics. This approach aimed to maximize the functional benefits of HAp while
ensuring long-term durability under real-world conditions. The in-situ dip-pad-cure
method produces a uniform and continuous HAp layer, with In-HAp1 in particular
yielding a nanoscale coating that adheres tightly to the fiber surface. Comprehensive
evaluations using FESEM, FTIR, Raman, and XPS demonstrate that In-HAp1-treated
fabrics maintain their enhanced UPF and moisture management properties even after
repeated washing, outperforming In-HAp2. The improved performance is attributed to
the controlled growth and finer particle size achieved in the In-HAp!1 process, which
facilitate stronger interactions with the PET substrate, which were higher then the
previous ex-situ HAp coating. By leveraging the hydrophilic and UV-blocking
properties of HAp, this optimized surface modification transforms PET into a truly
multifunctional textile, ideally suited for sustainable, high-performance active wear.
Each section of this research builds upon the previous one, starting with the

development of a sustainable method for nanodiamond synthesis, moving to their direct
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application for flame retardancy and hydrophilicity in PET, and then addressing further
enhancements in moisture management and UV protection through bio-ceramic such
as hydroxyapatite coatings. By integrating these advanced surface modifications, the
research sets a foundation for the next generation of smart, multifunctional, and

sustainable textiles.



AR

Ridfes o, ORIV =0 A UlSUR i ST (PET) & HATES UGRH I SgMHT, Sl
o SiR g Sifimifie! § Ueh T Wiey g1 Safdh PET 30T Hofe 3R gebud &
HRU Ifehg uRy™ & DB 8, 9@ Fa-FRINTT @SBRI iR saem=ierd
(CRTATSTRrET) T e 3TR YR o foTg HIfcral Tgd el 61 37 FHemal &l ¥ bR
¥ foTg, 39 31e00 BT 3T PET B Udg Bl I AT RI O AISIHHS (NDs) 3R
TIRSIRIITUeRe (HAp) ¥ TRNTRIG B BI S AT €, Al Ig-PEHD 3R b,
I-UaRH o I b o T |

AISTgHS (NDs) HTe AHH RO &1 U IHRAT g3 a1 &, o 3t sifgelta faerarsit
I 1 fauTedr, Tag farareitadt & St iR Ipy Sa-TadT & fore IuahT fasar S
8| URURS U U, NDs BT UV SHoll-1Tg alich! § b1 el 5, Fores a1 I8!
BT ST BIe © SR IfehaT Tog da 81 3| S TS fasedl B sMazasadl
! Ugd §U, 39 T B YR dIUAM 3R Ga1d W WIS SfegRilHb R §RT NDs &
TLAYT 1 ST D1 715 &, FSIH Srefig Arend H e daun o1 ek & U H JuanT
foar a1 g1 g fafd gafaruliie guTa SR HereH &t Sifcedl bl STl &H HR ol ol
FESEM, HRTEM, FTIR, Raman 3R XRD &l faQiwdl do-te! ¥ uar I« f&
3TIAH A THY U HEAYUl HR& §: HH T (30 ) TR Aeread TRa-18 §dt
€, Tafd @S SfeeTfFeRE (1 HeT) W I TUrEd ald Ffod SHISaHs a9 d &1 3
YR STUHS I Wb BT 1332 cm W 3R 34 WY P & 3R b e
I D1 Y Il &, Fora U g g1l & % g oa faftr orest avg @ ufkwiid NDs
BT a4 T HR Thdll § 3R PET a8 W 33-YT 3R Ta-Tig SR & Hreasd
Y ST- AT 3R S UfeRYe SR Sg-sprafetds 01 U fart S Tevd & | U8 faera Sad
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I TN & foT AHIerads & 98 UM W IdTeH &I Y& ST &, 98 Ht TafaRor
IRET T gHEiT fory fom )

NDs & gRd AU & SMYR WX, AT BT STl YT PET a¥dl TR 3! Y&l ST
@1 Tl FAT &, AP PET HUS B saaRitad! 3R STa-faRIfrar & g &1 ga fovan s
TP | 9 LT H Th a1 3-Hig VDI ORI 77 3, o Pl A-RgaeR Hi
IIHE T GaTd SIsciacd WIHT BT IUANT HR W1e PET g UR U= foodm 77| 39
ERHI A WA T FUIEHT ILAV0T 3R a1 T 1 HRA P ATARIHal JHT Bl
STt B, Fre 9t 32 W ANSHS HIfe it R 3R ThgHH w0 ¥ S ot 21
FESEM 3R HRTEM fa=auur 1 AReaer &) IufRUf 3R W1 &t gy #vd §, STaifes
Raman 3R FTIR WaERDIUT NDs & FHI0N 3fR HUS & 1Y I IS THIHR0] Bl
T $Rd & | HATeI® PET 3%l H Al UfeRIgehdl H Seaa-1d gUR ol 74T, ford Lol
T 2628 7 T, T A EreS e ToRet 10 o3 2. o Wi e & o ofk et
TaieH & o Agaqul § | 37-3g haRMATS R Uishdl &I IR ST § 3R aval J R,
g-PATED 0T U HRdl 5|

ST NDs & SUAR ¥ dl YRy 3R g &1 gIeSIbionie! # Iecia-ig YR §ofl, da!
I-Yex Tfthg gikey™ & forg T Usied SR uv TRem H 3R GUR T 3maxgehar ot
T IERT W, TR SIRITUCISC (HAp), ST BT 3R &id H T ST aTell U oig-WiTdl R
®, DI PET I%! & folU Tag HIfeT & U H SSHT 7| 39 3 §, HAp Bl &l 3{Tl-
3o It Wfiftee fafdt (HAp1 iR HAp2) RT I=aftd fasar mar 3R feu-ds-
FIR UfehaT §RT PET WR UGH-HIg AT 7| &1 HAp DI A Sd-3a=iyur, fafd
&I, IRA-GEH & TGRSR SeTARC YRET HRS (UPF) B Ieera-ia uR fe@mr|
BT, HApl I IUAIRA I - S8R TeRH 3R R fE@mn, Tl d@ fob &8 41 &
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a1 2| FESEM, FTIR, Raman 3R XPS R fhT U faxqd fa=eiwor & war 9an fas HAp1
UfohaT & Y& HUI S &, Ol PET WISeR Wde & 91 31 gy &9 3 Yus HRd §, forad
Aol fueTa 3R i Hoigd Prafete 7o firerd §1 HAp S o1 Aoha Sy =
F9A PET B! 101-fRIRIT &1 R A1 8, 9fewd dg-FrafcAdmar 1 UgH Fxar g

HAp DI & 3RS URUMN &l ¢&d §U, M & 3T PET ¥l R WY
BIRSIRINTYCTZE (In-HAp1 3R In-HAp2) & 3-Hle T=aAw0r o1 3R FAfRra forw w1 39
<PV BT IT HAp P PRITHD ATl B AfAHTH BT 3R arafae aRfRuferat o
Sfeifere wifia YR oA U1l 39-3ie f$u-ts- R faf 3 v IuM ok Iad HAp
WRA 75, Forad faR1% 9 F In-HAp1 = A-Rbd ST &Y, S WIZeR de I Hofeg o

SIS X1 FESEM, FTIR, Raman 3R XPS §RT fhU ¢ US Hedich-1 ¥ Udl el b In-
HAp!-3UATRA a¥dl 7 3T 8% UPF 3R TH! Taied 1 faivant aR-8R & & &g +t
T IFY, 3R In-HAp2 T S8R UG fhar| 39 S8R UG &1 99 In-HAp!1 Ufshar H
fafa g 3R G&H ST STHR oI 1T ], O™ PET Wstice & 1Y Holgd 9 R
BT €, Off Ugd & Ta-HIg HAp DIt ¥+t 3fIF U1l HAp & BTSSIMBIA® 3R UV-
AT T[UN BT Y IBTHR, T§ IR g UMY PET DI Th ol Ig-H1ATD aed
1 3T B, S TS, Fo-veRi fthar uRem & o aimef 2|

9 NY BT UAD HIT Uz g W 3 &, S AHISHs ¥=avul &t fesrs, fafd &
fAehT & L= BIhY, I Y& SIUANT gRI PET H ol k1Y 3R grgIithiemdyct o,
3R R Sa-Rfires S greglaiiuterse Hife gRT ! Ut 3R Uv JRam ok guR
B TP O g | 37 I g Y Bl Thighd B, T8 MY WE, Tg-PATHD 3R
fehTS: avell bt SfTeht Ui} 3 foTT U SR TR el B
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