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ABSTRACT

Advancements in textiles by creating new functionality is in demand. Textiles are the most
attractive candidate for safeguarding skin of a wearer from environmental damage, such as
harmful UV rays, pollution (particulate matters), chemicals (ammonia, hydrogen sulphide
etc.), microorganisms and other commonly faced topical issues. Globally, the population is
suffering from severe health hazards created due to various pathogens. Apart from biological
attacks, the climatic change, such as ozone layer depletion, allows harmful rays of Sun (UV-A
& UV-B) to reach the Earth’s surface causing skin diseases. Therefore, the emergence of

effective multifunctional protective textiles has become crucial for the safety of people.

The essential aspect is that the functionality needs to be durable to washing and should not
affect the comfort properties and aesthetics of the substrates. In this study, the phosphate

derivative of cellulose has been explored as a linking moiety to attached functional groups.

Initially, a green chemistry approach for phosphorylation of cellulose, under atmospheric
pressure plasma was investigated and compared with conventional thermal method. The
attachment of the phosphate groups was evaluated by *'P and '’C solid state NMR
spectroscopy and XPS. The thermal method led to the formation of monophosphate of
cellulose along with a side product of polymerized phosphate, whereas the plasma method
produced only the monophosphate without any side products. Unlike with the thermal
treatment, the appearance and the mechanical properties of the viscose fabric remained nearly
same after the plasma treatment. Also, the dyeability of the plasma modified fabric remained

unchanged, whereas it decreased significantly in the thermally modified fabric. The amount of
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phosphate quantified by phosphomolybdate assay was found to be 2.88 +0.06 and 4.09 +0.19
% in the plasma and the thermal methods, respectively. This method has the potential to replace

the existing methods of phosphorylation of cellulose.

Further, considering the public health demands for stronger and effective personal protective
clothing, antimicrobial fabrics using a known bacteriostatic and fungistatic drug zinc
pyrithione (ZPT) has been investigated. ZPT was synthesized in-situ on cellulosic fabric,
viscose (VC), using zinc metal precursor and 2-mercaptopyridine-N-oxide as a ligand (VC-
ZPT). For comparison, viscose was also phosphorylated (VP) before in-situ functionalization
with ZPT (VP-ZPT). Both approaches provided adequate protection from microbes, however,
functionalization of cellulose with phosphate (VP) resulted in the formation of a linking group
between cellulose and ZPT, which exhibited better uniformity of ZPT over the fabric surface
and higher durability to washing. The functionalization was confirmed by ICP-MS, SEM and
Raman spectroscopy. Further the bonding of phosphate with ZPT was confirmed by 3!P solid-
state NMR. The physical properties, such as appearance, bending length and mechanical
strength, of the treated fabrics remained unchanged. The antimicrobial activities of VP-ZPT
with VC-ZPT were studied against E. coli, S. aureus and C. albicans, which were found to be
effective till 20 laundry cycles in VP-ZPT. Additionally, VP-ZPT samples exhibited poor

adherence of bacteria on the fabric surface.

Repurposing of antimicrobial metal pyrithione complexes for UV protective properties widens
the applicability of protective textiles. Therefore, UV-protective and antimicrobial properties
of cellulosic (viscose) textiles modified with various metal pyrithione complexes have also
been investigated. Different metal (silver (Ag), cerium (Ce), copper (Cu), magnesium (Mg)

and zinc (Zn)) pyrithione complexes have been in-situ synthesized on viscose (VC-MPT) as
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well as on phosphorylated viscose (VP-MPT). The surface morphology was characterized by
FE-SEM and chemical nature was studied by XRD, Raman spectroscopy, ICP-MS and solid-
state NMR. The antimicrobial activities of different VC-MPT and VP-MPT treated fabrics
were compared against E. coli, S. aureus and Candida albicans and found to be effective to
various degrees (up to 98-99% microbial growth inhibition) based on the metal used.
Additionally, the functionalized fabrics were found to have high UV blocking properties. The
treated phosphorylated viscose fabrics, i.e. VP-MPT, exhibited significantly better durability
for up to 20 wash cycles compared to VC-MPT fabrics possibly due to better complexation of
in situ synthesized metal pyrithiones with the phosphorylated cellulose. The functionalized
fabrics may find applications for topical skin diseases in reducing the necessity of repeated use

of antibiotics ointments.






T3 Hrdedr giord R Caersd § WIfd &1 AT 8 | g1 R gdt famon, ugwur (aifésae
TeH), T (A, RSN Yeh12s 311S), EHoid 3R 37 3TH TR IR AT fhy
S a7 AR & oI Taiervitg &fd & 8-+ aTdl &1 &dl &1 JR&f & ol HIeT qad

Y IFICAR &1 fay TR R, S ve fAfis el & R I THR Wy
TRI Y Hifed g1 Sifaw gHal & SHardr, STadrg uRkacd, S 3ol URd &1 &R0, 4 &I
BIPR fBul (gdl-u 3R gdl-ah) & gt &1 Jde I Ugaq oI 3gHfa <1 3, oy
91 T BId & | AT, AT T YRET & 1T guTdt Sgiopamsital QReTE S axd| &1 384
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TSIeT & R U 3R TIGHRA BT GHIfId Tal BT AT | 39 37ea |, Jegarst
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INfIT FHUS | I8 BB HH 8l T3 | BEhHlcsec WA gRT FuiRa widhe © 7m
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HHRT: WISHT 3R YHa fafdal T 2.88 + 0.06 3R 4.09 + 0.19% TN T | 39 fafy & Jegarst
& HIRBTRAHRUT & HIGGT dXIh] Bl IGa- dI &HAT B |

S S{TTAT, AN 3R YHTA! fdTd JRETHD HUS| ] Aol W Hifll R faR
HRd U, TP J1d S IRARS [ 3R HaH-IRIT gal foidh UigRIYa (Sreuieh) &1 Iuam
HRA a1 AMURIET FUST B! S BT T3 §1 ZPT B AegalT® higd, [N (Vo) R
3 Ieaftd far mar o1, s i Aed siigd 3R 2-AhpuRieH-t-3ass
@I foifs (VC-zPT) & ¥U H ZxaHTd fovdm 711 4TI g&T & G, ZPT (VP-ZPT) & 1Y 34-
e forareiiaar ¥ ugd fawe & BiepRgde (vp) it fasar mar uni g1 el 3
RITIOLSHT & Tt YRET UG BT, gTdiieh, Biehe (d1UT) & 1 Jgarsl &b BTGB
& URUIMRGEY Jogard 3R S8Uiel & ofa e fifd T g &1 i gan, fom sug
DI A W SISUIC B! 8R THE Ul 3R YalTs & foIe 3= il &1 weeiH foan| 1cp-
MS, SEM iR I Wae b IUT gRT fhareiadr &t gfY &1 715 oY | ST 3famal ZPT & a1y
Bihe & S8 P g 31P TSI NMR GRI &1 T3 | Iu=niRd wus! & i o,
SR IUTRTA, S B daTs 3R TiAd Wfd sraRafdd g1 dE-sredict & ey did-
SeUlet Bt IR TRt o1 ST §. diens, T, RT3 °l. Uedihy &
faarw foar T o1, S aidl-sredidt § 20 disal Tehl dob TG U8 T4 | 39 SifdfRa,
R SshE T A FUS B Ydg W SIRAT & WIS UTeH BT Ui fan|

it GRS TN & T JIMuRIER e1g Urg RGN TRERY 31 4. ST ReTHD Il
D1 YAl & derdl ¢ | 39, fafta urg ursRRiyaE ufeRl & ary Iifia Jegaiiis
(fpI) gl & gA-GReMD AR JIMURIER 0N Bt Hi Siw &1 715 71 fafer arg @i
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