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ABSTRACT

The demand for functional textiles has been increased exponentially for various end
applications. It has been reported that market for functional textile finishing agents is
growing at the rate of 6.1% cumulative annual growth rate (CAGR) and the market for
functional textile agents at US is expected to reach 162.5 million USD dollar in 2025.
Among the functional textiles, antimicrobial textiles are growing at a very faster rate
because of recent happened deadly Covid 19 pandemic wherein textiles in the form of PPEs
played a major role. On the other hand, textiles act as a carrier for germs and spread the
infection very fast. Spread of infection through textiles can be controlled by using
antimicrobial finishing treatment to it. Textiles are one of the primary needs for everyone.
Sickness, morality rate because of various infection spread by normal textiles can be
minimized at rural area by making these textiles functional. Not only antimicrobial textiles,
but there is also a growing demand for other functional properties imbued into textiles
which can provide additional protection to human being such as protection from UV light,
fire among the others. Therefore, there has always been a research trend to find novel
finishing agents and their exploration on textile fabric to get multiple functionalities
together. But demand has also grown to look for the finishing agents which should be safe,
economical, and industrially viable as well as stable at temperature of integration to textiles.
Thus, development of multifunctional textiles having various properties together such as
antimicrobial, UPF, fragrance, colour, etc. using safe functional agent is currently of high

priority research area.

At first vanillin alone and vanillin in presence of metals have been explored as

multifunctional finishing agent on both the cotton and PET textiles. However, vanillin



alone has not provided durable function properties to treated fabric and elutes out after
washing. But among the metal ions (Cu, Fe, Zn) studied, copper complex with vanillin
(vanillin-Cu) has provided excellent functionalities such as 99% antimicrobial activity and
50+ UPF to cotton textiles. V-Cu has also been explored on PET fabric and the treated

textile has provided similar functionalities to PET fabric.

Further, vanillyl alcohol has been synthesized, characterized, and explored alone on cotton
and PET fabric. Vanillyl alcohol (VA) having mild fragrance than vanillin can be thought
of as a better choice for many people. VA treated fabric has shown enhanced UPF (nearly
35) in case of cotton due to increased interaction with celluloses backbone, but due to small
size it again washes out from cotton and PET textiles. To tackle this problem, vanillyl
alcohol complex with Cu has been prepared in-situ and integrated on cotton and PET textile
using high temperature high pressure (HT-HP) dyeing machine. The treated fabric has
depicted improved functional properties to a greater extent, especially, antimicrobial and
UV resistance property have been reached to excellent category. Treated fabric can also

retain its functional properties up to 90 washes.

In the next study, Schiff base of vanillin (SB) has been synthesized through a new approach
with high yield. It has been hypothesized that Schiff base having larger size would interact
with the fabric strongly and be retained inside the cotton and PET structure. Integration of
SB inside cotton and PET fabric has been done using HT-HP treatment process. It has been
observed that treated fabrics provide good functional properties, like antimicrobial activity
of nearly 90%, good UPF and beautiful colouration which confirm the effective retention
of SB than vanillin and vanillyl alcohol within the textile structure. However, treated fabric

properties have been observed to be retained till 3 machine wash only. To improve the wash



durability SB-Cu complex has been synthesized in-situ and integrated on cotton and PET
textiles which provide excellent and durable (18 machine wash, i.e. 90 home washes)

functional properties on to treated textiles.

In the next study, another new derivative, reduced Schiff base (RSB) has been synthesized
using a single step process with high yield. Synthesized RSB molecules have been
characterized and integrated on cotton and PET textiles. The treatment enhances the
functional properties like antimicrobial activity up to 95% and antioxidant properties more
than 90% for both types of fabric. Functional properties of the treated fabric have been
found to be retained till 6 machine washes and thereafter the functional properties get
diminished. To further enhance the functional properties, RSB-Cu has been synthesized in-
situ on textiles using HT-HP process. The treated fabrics have displayed significant
improvement in functional properties like increased antimicrobial property up to 99% along
with excellent UPF and 50% antioxidant activity with attractive shade. The properties also

have been found to be retained till 90 washes.

In a further study, vanillin reactive finish (VRF) has been synthesized and characterized.
In the previous sections of the thesis work, it has been found that all the vanillin-based
active ingredients retain in the textile structure due to physical interaction and properties
get decreased after each wash. Thus, covalent bond formation between the cotton fabric
and vanillin has been conceptualized and VRF has been synthesized successfully. The
integration of VRF on cotton fabric has been done at 60°C (which is the optimized
temperature) in alkaline pH. By this approach, finishing agent becomes a part of fabric and
has shown long lasting functional effects. However, -OH group of vanillin is blocked in

VREF and therefore antimicrobial activity of treated fabric has been found to be decreased

Vi



to 50%. Nevertheless, UPF value of treated fabric has been increased to 50 which even can
be retained at a nearly 40 even after 90 washes. VRF treated fabric has advantage of having
white colour and excellent UPF property. This finish has been explored on cotton fabric

only.

In the later part of the thesis, comparison of all finishes in terms of multifunctional efficacy
has been done in a very systematic way. Physical properties of the treated textiles have also
been studied to check any deterioration of basic properties of the fabric because of finishing
treatment. However, it has been proven that all finishes are safe and do not change handle
of fabric as well as other useful properties like water absorbance, tensile strength and air
permeability. Finally, mechanisms of UV resistance, antimicrobial activity and antioxidant
activity have also been studied using UV-Visible spectroscopy, SEM and TEM analysis

and DPPH test.

At the end, it has been concluded that vanillin and all other vanillin-based synthesized
finishes are safe, and provide very useful functional properties to textile substrates without

hampering their basic useful properties.
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fafier Sifem i & R Sraferes gl &) Al 7 doft J 9fS g3 21 98 s g b
AR CaRICRd hHRIT ToTel &I dT6IR 6.1% Aol G gfa & (CAGR) B &R 4 §¢
TET § 3R U H hhaRMd cRierzd Uolel &l a6k 2025 | 162.5 FAfaq sRie! Sier d&
Ugd & SHIG & | HRATHD ¥l H 81 61 | §8 9P HIs 19 AGMRI & HROT ATMIRIET
I Sgd ool T ¥ 9¢ R 7, Nigw AiE & 0 7 9% 7 v yfter A 31 gl 6k,
HUST DTS & dIEH B U H BT BT § AR Igd doil I AHHUT BTl § | Tl & HTeaH
T YA & TR DI IMURIE TR0 IUIR BT YT HRep Hafd far S bl g
HUST IH & foru Urufires SRedl 7 U | | 371 9%l &) BT IHIHR UTHIU &5 7 IrH=
I gRT Wt fafle Hohavll & SR FART &R DI HH [6a1 I Fobal | 7 Phadt AMORIeT
I, Sfep a8 1 R s praferes Tur ) +ft It 7T & ST AMa I Sifafkad JRem UeH
TR Fabd § o fob I UHTRT, AT I JR&f| FHT, Uh AY B HATEGATHI BT U] B
& foIU HUS R ITAN URHRUI Tole! 3R IT! WIS B WiolH & ol §HR T e Ugha
B © | dfce TR T ot aom=r o fore A off 9t & i QRfara, frwradt ok sieifie
0 Y HdEH B o ATY-HTY I ob THIHRU] o dTIH TR FRR T a1igl | 39 ISR, JRIe
HRATHD ToIc Bl SUANT HPb CSHISH I9Td, JUITw, i, T e o fafta ol ara
g3} 3l o1 ol aam- 7 3= WUfiiesdr arar Y &F 8 | I Ugd 3idbd dfferd
3R ergsft BT IURRIT 7 AR 1 HUr 3R W& a¥ll a1 IR Sg A} uRshul Tore &
0 H QIS T | gTaifep, afeA 3ihal IUAING BUS DI fCHh1e, &1 01 UaH I8! Bl &
3R 4 & d1g dTex Add It g1 Afde f5 41 ST (Cu, Fe, Zn) &1 3{eqg= fasar T,
31 AT @FIM-Cu) & TTY BIOR DR H T Il DI 99% INTIRTET AT 3R
50+ UPF SRl 3&h Y SRSl UaH &1 g | figc] HUs TR aFifed-Cu &1 Ui IaT aman ar g
R AL (PET) FUS B! ) THH ST USH &1 3 | IHD S@TdT, dffd 3fchigd Bl Had
FHUN 3R Ui Hus W & I, faRvar iR @ien T g1 afAferd srepigd (@) |
AfTeM Pt e 1 godb! Y Bl &, o o3 AT o o S8R faded W1 o Ul 8 | U
& HHA 7 T IUAIRA HUS BT AE (FTHT 35) T¢I 8, Afh DS 3MBR b HRU T8
R ¥ HUN SR YS! 3%l &1 4 & a1 a1eR FAdhd Srar g |
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= AR § fueq & g cu & Iry affid siedhlgd HIReiad (Va-Cu) B -3¢ dOR foa
a1 § 3R I A9 I <a1d (HT-HP) 1T AR &1 ST H3h HUg 3R disct gl
IR UHhIgd T 71 § | SUTRT HUS o 8- HIATHD 10N ! I 8¢ db FIid (hal g,
ORIy =0 9, ITIRIER 3R gat ufeRiY o1 IHT Aot H uga TN g1 Iu=iRd Hus Ht e
SIS 0T B 90 YATs qPb T8 3G T g |

TS g B, I TS P 1Y Teb 1T P10 & Arerd § IfAfer (wash & R 39 (SB)
B! YA foran a1 8 | U5 UG eu1 &1 718 g P 98 MTHR &1 R 39 HUS & 1Y Tl
T U BT R HUN SR WS AT & e T 67| TASl-Tadl IUAR Ulehan &1
SUAN FHRh HUN 3R GSc! HUS & e THaT BT THIHRUT (b1 T 5| T8 <l T § foh
IUART HUS 3 HATEHD 0T e HRd ], O THIHT 90% T IFMIRIER TiAfafer, et
g 3R Yz TR S HUST W1 & Hiar afferm ik afafera sicpied &t garn & Tt
& THTAT TR &1 Y & & | BTdlifcs, ITATRA HUS & I[0N Bl had 3 A 4 I a8
TG AT g1 9 H GUR HR & ol R SB-Cu BRI P 3-ITg IR fopar mar 8
3R HUNT 3R FE¢T Tl R Tl fohdl 7T § St SUATRG Il R I Y 3R EhTS (18
HRAA aT=1, T 90 B G1RT) HATHD 0T TEH Hd ¢ |

AT ST B, 3 US| & Y Thdl IR0 Yiehal T SUANT b U 3R 7T IH, RSB-
Cu I 99 (3RUET) & U= g a1 8 | IR SIRuHe! (RSB) SU[ST &1 HUN 3R
3¢t a¥al R [T SR THidd a1 T § | SUIR Gl UHR & HUS| & HIATHD O o
RTORIEt TfAfafer w1 95% T 3R USTSfiaita e 0T & 90% W 31w Teral ¢ | I8 U T 8
fob ST S & Brafates 01 6 T a7 db 1 T8d & 3R I d1¢ B 0T HH
Bl SId &1 Prafes Ui I 3R 96 & e, Tadl-Tadl Ufshan &1 IuaiT Hrd Il W
IRUTE-Hg BT I b T g1 IU=IRd ®US! 3 SRS oI § I@a-1g JUR
TefRid frar § S {5 SFT UPF & T1Y 99% dcb a4l g MR Tufxy iR Sneeeies T
& I 50% USTSHTRITS e TAfafdr | o7 BT 90 YaTs de Hit T1E AT T 5 | U 3R S7eqg= |
3feii Rufaea fefaer (Jemuw) & Ixafta 3R faRwar & 72 31 fifg & & & fUsa
Wsi A, ug uran g f gt afaefia-snenfva afera dea IRiRes dudh & SR wuST I




" Y9 2d 8 3R AP O F S8 70 HH 8 Sd 81 3 UHR, i U 3R afd & d
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UUH 9 FGIHR 50 HR &l 718§, FOY 90 YaTs & a1g Ht T 40 TR W7 S el 3
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it HUS WIS TS &
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b A B TR g SUARA I & Hifads 7ol &7+t e forar T § difes afseor Sar
& HRUI HUS & gi-aret o0 J forddt 1t aRg o1 TRTae &1 A1 ol b | gTdifeb, I8 Aifad g
IH1 ¢ fr Tt e [RAEG & ok Fug & g8 & TU-T1Y 3= IuArf oif S o
SFARITT, T fekT SR Y TR D! o1 daceld 6 | 3 7, gal-faforee Tag e Ul Tased
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ABBREVIATION AND SYMBOLS

CAGR Cumulative annual growth rate

UV-Vis Ultraviolet-visible

PET Polyethylene terephthalate

HT-HP High temperature high pressure

UPF Ultra-violet protection factor

VA Vanillyl alcohol

SB Schiff base of vanillin

RSB Reduced Schiff base of vanillin

AATCC American Association of Textile Chemists and Colorists

V-Cu Vanillin-copper

VA-Cu Vanillyl alcohol-copper

SB-Cu Schiff base-copper

RSB-Cu Reduced schiff base-copper

FDA Food and Drug Administration

KL Kraft lignin

CAS no Chemical abstracts service number

g/ml Gram per millilitre

TPSA Topological polar surface area

RFD Ready for dyeing

GSM Gram per square meter

NMR Nuclear magnetic resonance

IR Infrared radation

E. coli Escherichia coli

S. aureus Staphylococcus aureus

XRD X-ray diffraction

CcC Control cotton

CP Control polyester

SEM-EDX Scanning electron microscopy-energy dispersive X-ray
analysis

cm? Centimeter inverse

DPPH 2,2-diphenyl-1-picrylhydrazyl

K/S Colour strength

Tg Glass transition temperature

VRF Vanillin reactive finish
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HAT Hydrogen atom transfer
cfu colony forming unit

BCR bacteria colony reduction
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