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Importance & Applications of Nanotechnology

Abstract

This review summarizes the fabrication and functions of 
nanomaterials for polymeric textile fibers. The electrospin-
ning, nanofinishing, nanotransfer printing, layer-by-layer 
deposition, wet or dry-spinning, and sol-gel processes of 
the nanomaterials have been explored. The nanomateri-
als have induced the antibacterial, antistatic, water and oil 
repellence, wrinkle resistance, strength enhancement and 
UV blocking propertiesto polymeric textile fibers. The ap-
plication of the nanomaterials for polymeric textile fibers 
offers the functionalityas well as the potential of improved 
processing techniques.

Introduction

Polymeric textile fibers are now widely used in the field of 
technical textiles including antibacterial properties, water and 
oil repellence, antistatic properties, wrinkle resistance, strength 
enhancement, UV blocking, and so on [1-5]. They originate from 
naturally occurring polymers such as cotton, flax, wool, chito-
san, alginate, silk, feather keratin and wheat gluten as well as 
various synthetic polymers such as Poly Ethylene Terephthalate 
(PET), Polyester (PES), Polyamide (PA), Polypropylene (PP), Poly-
acrylonitrile (PAN) and nylon 66 [6-8]. Such materials may be in 
the form of surface coatings, voided patterns, fillers, or foams. 
To improve their properties, various nanoscale modifiers based 
on Ag Nanoparticles (NPs) Carbon Nanotubes (CNTs) Silica NPs, 
TiO2 NPs, ZnO NPs or graphene oxide have been used in poly-
meric textile fibers [9-16]. In this paper, a brief review will be 
given regarding the fabrication and functions of nanomaterials 
for polymeric textile fibers. 

Fabrication of nanomaterials for polymeric textile fibers

Electrospinning process

A direct approach for fabricating nanoporous polymer fibers 
via electrospinning had been demonstrated [19]. Polystyrene 
(PS) fibers with nanoporous structures both in the core and/
or on the fiber surfaces were electrospun in a single process by 
varying solvent compositions and solution concentrations of the 
PS solutions. The schematic representations of the electrospin-
ning setup and the electrospun nanoporous fiber evolution pro-
cess were shown in Figure 1 [19]. Similarly, we investigated the 
electrospinning of biodegradable and biocompatible polymers 
and found the electrospunnanofibrous membrane [20-24].
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Figure 1: Schematic representations of the electrospinning setup and the electrospunnanoporous fiber evolution process [23].

Nanofinishing process 

The advancement of polymeric textile nanofinishing requires 
implementing a sustainable technology for producing complex 
nanomaterials for enhancing the performance and extending 
the functions of the final product. Among the various aerosol 
processes, electrical discharges allow the high-yield synthesis 
of a wide range of well-defined NPs that can be directly depos-
ited onto polymerictextile fibers by diffusion, in a green and 
universal manner [25]. The uniqueness of the proposed process 
lies in that diffusional deposition can be easily integrated into 
textile nanofinishing while providing a controlled loading pro-
file within the textiles [25-27]. Since the NP synthesis method is 
fully compatible with commercial roll-to-roll textile production 
as illustrated in Figure 2, the nanofinishing process is amenable 
to upscaling [25].

Figure 2: Schematic illustration of the nanofinishing process. 

(a) An aerosol flow is passed through the textile, where the 
NPs collide and stick to the fibers by van der Waals forces. The 
NPs -fiber collisions are caused by the Brownian motion of the 
NPs. 

(b) Conceptual design of a simple, scalable and green route 
for textile nanofinishing achieved by integrating electrical dis-
charges for the synthesis of NPs into roll-to-roll textile produc-
tion [25].

Nanotransfer printing process

The nanotransfer printing process using water-soluble poly-
mer and the corresponding morphologies of the nanostructures 
fabricated on textiles are shown in Figure 3 [28]. Hyaluronic Acid 
(HA) was used as the donor substrate. Moreover, it could easily 
replicate the nanostructures by a molding process. First, a HA 
mold with a designed nanostructure pattern was prepared from 
a polymer mold. Second, various metals or SiO2 were deposited 
on the patterned HA film. Finally, when the film was placed on a 
wet textile substrate, the designed nanostructures of functional 
materials were transferred onto the textile. Using this process, 
metal or nonmetal nanoscale patterns could be transferred onto 
the non-flat surface of the textile while retaining their shapes. 
The polymer mold fabrication process was used [29,30].

Figure 3: Schematic illustration of the nanotransfer printing 
process using water-soluble polymer and the corresponding mor-
phologies of the nanostructures fabricated on textiles [20].

Layer-by-layer deposition process

Nanocoating Layer-By-Layer (LBL) is a powerful polymeric 
textile fiber [31]. In an effort to highlight the versatility of this 
coating system, flame retardant and conductive multilayer reci-
pes were deposited onto a model cotton fabric substrate. Fire 
behavior and antistatic properties were evaluated using two 
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different nanocoating recipes. The automated system applied 
layer-by-layer nanocoatings by exposing sections of the fabric 
to deposition materials in a continuous, closed-loop fashion 
(Figure 4) [31]. This large-scale automated immersion device 
produced effective nanocoatings with consistent properties 
throughout the entire length of the coated fabric. Pairing these 
desired characteristics with the tailorability of the layer-by-layer 
assembly technique [32-34].

Figure 4: Schematic representations of the nanocoating layer-
by-layer deposition process and the chemical structures used to 
produce the flame retardant and conductive behaviors [31].

Wet or dry-spinning process

Nanoporous wet-spinning process for polymeric textile fibers 
refers to extrusion of the spinning dope solution into a bath 
containing certain coagulant agent. Nanoporous dry-spinning is 
a process similar to wet spinning except that the solidification 
of fiber occurred not in a liquid environment, but in an air envi-
ronment through evaporation of the volatile solvent or after a 
cooling process. Generally, Regenerated Silk Fibroin (RSF)/ Gra-
phene Oxide (GO) hybrid silk fibers were dry-spun from a mixed 
dope of GO suspension and RSF aqueous solution [35]. Figure 5 
was the schematic representations of GO sheets in the hybrid 
fibers during the drawing process [35]. By adding specific fill-
ers including the carbon nanotube, cellulose nanocrystals and 
reduced graphene oxide into the spinning dope solution, differ-
ent interactions occur between the silk protein and the fillers 
[36-38].

Figure 5: Schematic representations of GO sheets in the hybrid 
fibers during the drawing process [35].

Sol-gel process 

A novel one-pot sol-gel process was a powerful polymeric 
textile fibers [39,40]. It incorporated Room-Temperature Ionic 
Liquids (RTILs) to synthesize Ag/TiO2 nanocomposite powders 

[39]. The presence of RTILs was indispensable to the control of 
the size of the Ag particles. Highly dispersed, metallic Ag nano 
clusters were formed on the TiO2 nanoparticle surface after cal-
cination of the gel. As shown in Scheme 6 [39], the synthesis 
started with a single-phase solution containing homogeneously 
distributed precursors of Ag and TiO2. Similarly, we investigated 
the polysaccharide-assisted incorporation of multi walled car-
bon nanotubes into sol–gel silica matrix for electrochemical 
sensing [41].

Figure 6: Schematic representations of Ag/TiO2nanocomposite 
powders in the sol-gel process [39].

Functions of nanomaterials for polymeric textile fibers 

Antibacterial properties

Antibacterial properties of the nanomaterials for polymer-
ic textile fibers are highly desired in applications that require 
a protective barrier against infection [42-44]. Several studies 
confirmed that Ag NPs possess excellent antimicrobial activity 
against a broad spectrum of microbes [45]. The antimicrobial 
efficacy of Ag additives depends on the concentration, surface 
area, and the release rate of the Ag+ ions [45]. When Ag NPs 
contact with moisture or bacteria, they adhere to the cell wall 
and membrane [46]. TiO2 NPs can also be utilized to impart tex-
tiles with antibacterial properties. Furthermore, ZnO behaves 
similar to TiO2 to produce antibacterial properties [47]. 

Antistatic properties

Antistatic properties of the nanomaterials for polymeric tex-
tile fibers are now widely used in the field of technical textiles. 
TiO2 NPs, ZnO whiskers, and antimony (Sb)-doped tin oxide 
(SnO2) particles were utilized to impart antistatic properties to 
synthetic fibers [48-50]. Additionally, silanenanosol enhances 
antistatic properties, as it absorbs moisture in the air through 
hydroxyl groups [51]. Antistatic charges with hydrophobicity 
could be achieved by treating polyester fabric with Ag NPs and 
fluorine water-repellent finish [52]. ZnO NPs, prepared by direct 
precipitation using Zinc Chloride (ZnCl2), were immobilized on 
polyester fabrics through a pad-dry-cure process with an anti-
static finishing agent [53].

Water and oil repellence properties

SiO2 NPs in combination with water-repellent agents could 
be utilized to impart hydrophobicity to polymeric textile fibers 
[54]. SiO2 NPs were synthesized via a sol−gel process. SiO2 NPs 
could becoated over cotton in the presence of perfluoroocty-
lated quaternary ammonium silane coupling agent to produce 



4

MedDocs eBooks

Importance & Applications of Nanotechnology

hydrophobicity [54]. Oil-repellent textiles have also been pro-
duced. Polyester fabric could be coated with silicone nanofila-
ments and treated with plasma fluorination to impart supero-
leophobic properties to polymeric textile fibers [55].

Wrinkle resistance properties

Traditionally, fabrics are impregnated with resin to impart 
wrinkle resistance to textiles. To impart wrinkle resistance, NPs 
have been applied to polymeric textile fibers [56]. TiO2 NPs with 
carboxylic acid as a catalyst were utilized to form cross-links be-
tween cellulose molecules and the acidic groups [57]. Dry and 
wet delay-wrinkle recovery angles of the treated silk were 267 
and 250° compared to untreated fabric of 235° and 178°, re-
spectively [58]. Additionally, SiO2 NPs and maleic anhydrate as a 
catalyst have been applied to silk to improve wrinkle resistance 
[59].

Strength enhancement properties

CNT-reinforced polymeric textile fibers have been developed 
to improve strength and toughness and to decrease weight. 
These polymeric textile fibers could be produced through melt 
spinning of polypropylene and carbon particles [60]. The in-
tegration of CNTs into fibers has been shown to improve the 
strength and performance [61]. The tensile strength of the CNT-
coated cotton fabrics was improved along the weft and warp di-
rections, showing enhancement in both loading capability and 
flexibility [62]. 

UV blocking properties

Sol-gel method could be used to form a thin layer of TiO2 on 
the surface of the polymeric textile fibers [63]. The UV protec-
tion effect may be maintained up to 50 launderings [63]. Fur-
thermore, ZnO nanorods were incorporated in polymeric textile 
fibers to induce scattering at a high UV protective factor rating 
[64]. Additionally, ZnO NPs synthesized through sedimentation 
and peptization were immobilized on dyed polyester/cotton 
fabrics [65]. The resulting fabric absorbed the light in the UV 
region [65].

Future perspectives

Over the last two decades, numerous nanomaterials includ-
ing Ag NPs、CNTs、Silica NPs、TiO2 NPs、ZnO NPs or gra-
phene oxide components have been deposited or woven into 
polymeric textile fibers. Despite the progress made in this field 
of nanomaterials for polymeric textile fibers, there still are 
many significant works to be done. In particular, the effects of 
nanoscale incorporation on the bulk and surface properties of 
polymeric textile fibers have not been explored in detail. Also, 
the ability to control and quantify nanoscale dispersion in such 
textile materials is an unresolved issue of fundamental impor-
tance. A molecular-level understanding of the interaction of 
nanoscale modifiers with polymeric textile fibers would be very 
useful for the design of new textile materials. Further research 
will focus on the design and preparation of novel nanoscale 
modifiers with multi- or “smart” functionalities for polymeric 
textile fibers [66,67].

References

1. Su X, Li H, Lai X, Zhang L, Wang J, et al. Vapor-liquid sol-gel ap-
proach to fabricating highly durable and robust superhydropho-
bicpolydimethylsiloxane@silicasurface on polyester textile for 
oil-water separation. ACS Appl Mater Interfaces. 2017; 9: 28089-
28099.

2. Ma R, Lee J, Choi D, Moon H, Baik S. Knitted fabrics made from 
highly conductive stretchable fibers. Nano Letters. 2014; 14: 
1944-1951.

3. Huang WH, Lin CS. Robust superhydrophobic transparent coat-
ings fabricated by a low-temperature sol-gel process. Appl Surf 
Sci. 2014; 305: 702-709.

4. Eom J, Jaisutti R, Lee H, Lee W, Heo JS, et al. Highly sensitive tex-
tile strain sensors and wireless user-interface devices using all-
polymeric conducting fibers. ACS Appl Mater Interfaces. 2017; 
9: 10190-10197.

5. Dietz TC, Tomaszewski CE, Tsinas Z, Poster D, Barkatt A, et al. 
Uranium removal from seawater by means of polyamide 6 fi-
bers directly grafted with diallyloxalate through a single-step, 
solvent-free irradiation process. Ind Eng Chem Res. 2016; 55: 
4179-4186.

6. Candadai AA, Weibel JA, Marconnet AM. Thermal conductivity 
of ultrahigh molecular weight polyethylene: From fibers to fab-
rics. ACS ApplPolym Materials. 2020; 2: 437-447.

7. Pavon-Djavid G, Gamble LJ, Ciobanu M, Gueguen V, Castner DG, 
et al. Bioactive poly(ethylene terephthalate) fibers and fabrics:  
Grafting, chemical characterization, and biological assessment. 
Biomacromolecules. 2007; 8: 3317-3325.

8. Ringot C, Sol V, Barrière M, Saad N, Bressollier P, et al. Triaz-
inylporphyrin-based photoactive cotton fabrics: Preparation, 
characterization, and antibacterial activity. Biomacromolecules. 
2011; 12: 1716-1723.

9. Stempien Z, Rybicki E, Patykowska A, Rybicki T, Szynkowska M. 
Shape-programmed inkjet-printed silver electro-conductive lay-
ers on textile surfaces. J Ind Textiles. 2018; 47: 1321-1341.

10. Wu MC, Ma MC, Pan TZ, Chen SS, SunJQ. Silver-nanoparticle-col-
ored cotton fabrics with tunable colors and durable antibacterial 
and self-healing superhydrophobicproperties. Adv Funct Mater. 
2016; 26: 569-576.

11. Perelshtein I, Applerot G, Perkas N, Guibert G, Mikhailov S, 
et al. Sonochemical coating of silver nanoparticles on textile 
fabrics(nylon, polyester and cotton) and their antibacterial ac-
tivity. Nanotechnology. 2008; 19: 245705.

12. Li Z, Huang T, Gao W, Xu Z, Chang D, et al. Hydrothermally acti-
vated graphene fiber fabrics for textile electrodes of super ca-
pacitors. ACS Nano. 2017; 11: 11056-11065.

13. SimoncˇicˇB, KlemencˇicˇD. Preparation and performance of sil-
ver as an antimicrobial agent for textiles: A review. Textile Res J. 
2016; 86: 210-223.

14. Sarrazina P, Beneventia D, Chaussya D, Vurthb L, Stephan O. 
Adsorption of cationic photoluminescent nanoparticles on soft-
wood cellulose fibres: Effects of particles stabilization and fibres’ 
beating.Colloids and Surfaces A: Physico chem. Eng Aspects. 
2009; 334: 80-86.

15. Celik C, Warner SB. Analysis of the structure and properties of 
expandedgraphite-filled poly(phenylene ether)/atacticpolysty-
rene nanocomposite fibers. J Appl Polym Sci. 2007; 103: 645-
652.

16. Radetic M, Ilic V, Vodnik V, Dimitrijevic S, Jovancic P, et al. An-
tibacterial effect of silver nanoparticles deposited on corona-
treated polyester and polyamide fabrics. Polym Adv Technol. 
2008; 19: 1816-1821.

17. Ye W, Xin JH, Li P, Lee KLD, Kwong TL. Durable antibacterial fin-
ish on cotton fabric by usingchitosan-based polymeric core-shell 
particles. J Appl Polym Sci. 2006; 102: 1787-1793.



5

MedDocs eBooks

Importance & Applications of Nanotechnology

18. Erdem N, Cireli AA, Erdogan UH. Flame retardancy behaviors 
and structural properties ofpolypropylene/nano-SiO2composite 
textile filaments. J Appl Polym Sci. 2009: 111: 2085-2091.

19. Lin J, Ding B, Yu J, Hsieh Y. Direct fabrication of highly nanopo-
rous polystyrene fibers via electrospinning. ACS Appl Mater In-
terfaces. 2010; 2: 521-528.

20. Lin J, Li C, Zhao Y, Hu J, Zhang LM. Co-electrospun nanofibrous 
membranes of collagen and zein for wound healing. ACS Appl 
Mater Interfaces. 2012; 4: 1050-1057.

21. Liu Y, Miao YL, Qin F, Cao C, Yu XL, et al. Electrospun poly(aspartic 
acid)-modified zeinnano fibers for promoting bone regeneration. 
International Journal of Nanomedicine.2019; 14 : 9497-9512. 

22. Ou Q, Miao Y, Yang F, Lin X, Zhang LM, et al. Zein/gelatin/nano-
hydroxyapatite nanofibrous scaffolds are biocompatible and 
promote osteogenic differentiation of human periodontal liga-
ment stem cells. Biomaterials science. 2019; 7: 1973-1983.

23. Miao YL, Yang R, Deng David YB, Zhang LM. Poly(L-lysine) modi-
fied zein nanofibrous membranes as efficient scaffold for adhe-
sion, proliferation, and differentiation of neural stem cells.RSC 
Adv. 2017; 7: 17711-17719.

24. Yang FQ, Miao YL, Wang Y, Zhang LM, Lin XF. Electrospun zein 
/ gelatin scaffold-enhanced cell attachment and growth of hu-
man periodontal ligament stem cells. Materials (Basel). 2017; 
10: 1168.

25. Feng J, Hontañón E, Maria BM, Meyer J, Guo X, et al. Scalable 
and environmentally benign process for smart textile nanofin-
ishing. ACS Appl Mater Interfaces. 2016; 8: 14756-14765.

26. Feng J, Biskos G, Schmidt-Ott A. Toward industrial scale synthe-
sis of ultrapure singlet nanoparticles with controllable sizes in a 
continuous gas-phase process. Sci Rep. 2015; 5: 15788.

27. Feng J, Huang L, Ludvigsson L, Messing ME, Maisser A, et al. 
General approach to the evolution of singlet nanoparticles from 
a rapidly quenched point source. J Phys Chem C. 2016; 120: 621-
630.

28. Ko J, Zhao ZJ, Hwang SH, Kang HJ, Ahn J, et al. Nanotransfer 
printing on textile substratewith water-soluble polymer nano-
template. ACS Nano. 2020; 14: 2191-2201.

29. Zhao ZJ, Shin SH, Choi DG, Park SH, Jeong JH. Nanowelding: 
Shape-controlled 3D periodic metal nanostructures fabricated 
via nanowelding. Small. 2018; 14: 1703102.

30. Hwang SH, Jeon S, Kim MJ, Choi DG, Choi JH, et al. Covalent 
bonding-assisted nanotransferlithography for the fabrication of 
plasmonic nano-optical elements. Nanoscale. 2017; 9: 14335-
14346.

31. Mateos AJ, Cain AA, Grunlan JC. Large-scale continuous immer-
sion system for layer-by-layerdeposition of flame retardant and 
conductive nanocoatings on fabric. Ind Eng Chem Res. 2014; 53: 
6409-6416.

32. Sarker A, Hong JD. Layer-by-layer self-assembled multilayer films 
composed of graphene/polyaniline bilayers: Highenergy elec-
trode materials for supercapacitors. Langmuir. 2012; 28: 12637-
12646.

33. Su PG, Shieh HC. Flexible NO2 sensors fabricated by layer-by-lay-
er covalent anchoring and in situ reduction of graphene oxide. 
Sens Actuators B. 2014; 190: 865-872.

34. Carosio F, Di Blasio A, Alongi J, Malucelli G. Green DNA-based 
flame retardant coatings assembled through layer-by-layer. 
Polymer. 2013; 54: 5148-5153.

35. Zhang C, Zhang Y, Shao H, Hu X. Hybrid silk fibers dry-spun from 

regenerated silk fibroin/grapheneoxide aqueous solutions. ACS 
Appl Mater Interfaces. 2016; 8: 3349-3358.

36. Fang GQ, Zheng ZK, Yao JR, Chen M, Tang YZ, et al. Tough pro-
tein-carbon nanotube hybrid fibers comparable to natural spi-
der silks. J Mater Chem B. 2015; 3: 3940-3947.

37. Liu L, Yang XG, Yu HY, Ma C, Yao JM. Biomimicking the structure 
of silk fibers via cellulose nanocrystal as beta-sheet crystallite. 
RSC Adv. 2014; 4: 14304-14313.

38. Shin MK, Lee B, Kim SH, Lee JA, Spinks GM, et al. Synergistic 
toughening of composite fibres by self-alignment of reduced 
grapheme oxide and carbon nanotubes. Nat Commun. 2012; 3: 
650.

39. Zhang HJ, Chen GH. Potent antibacterial activities of Ag/TiO2 
nanocompositepowders synthesized by a one-pot sol-gel meth-
od. Environ Sci Technol. 2009; 43: 2905-2910.

40. Textor T, Mahltig B. A sol-gel based surface treatment for prepa-
ration of water repellent antistatic textiles. Appl Surf Sci. 2010; 
256: 1668-1674.

41. Zhang LM, Wang GH, Xing Z. Polysaccharide-assisted incorpora-
tion of multiwalled carbon nanotubes into sol-gel silica matrix 
for electrochemical sensing. J Mater Chem. 2011; 21: 4650-
4656.

42. Lee H, Yeo S, Jeong S. Antibacterial effect of nanosized silver 
colloidal solution on textile fabrics. J Mater Sci. 2003; 38: 2199-
2204.

43. Yeo SY, Lee HJ, Jeong SH. Preparation of nanocomposite fibers 
for permanent antibacterial effect. J Mater Sci. 2003; 38: 2143-
2147.

44. Yeo SY, Jeong SH. Preparation and characterization of polypro-
pylene/silver nanocomposite fibers. Polym Int. 2003; 52: 1053-
1057.

45. Kumar R, Howdle S, Münstedt H. Polyamide/silver antimicrobi-
als: Effect of filler types on the silver ion release. J BiomedMater 
Res Part B. 2005; 75: 311-319.

46. Pal S, Tak YK, Song JM. Does the antibacterial activity of silver 
nanoparticles depend on the shape of the nanoparticle? A study 
of the gram-negative bacterium Escherichia coli. Appl Environ 
Microbiol. 2007; 73: 1712-1720.

47. Lorenz C, Windler L, Von Goetz N, Lehmann R, Schuppler M, et 
al. Characterization of silver release from commercially available 
functional (nano) textiles. Chemosphere. 2012; 89: 817-824.

48. Benn TM, Westerhoff P. Nanoparticle silver released into water 
from commercially available sock fabrics. Environ Sci Technol. 
2008; 42: 4133-4139.

49. Bozzi A, Yuranova T, Kiwi J. Self-cleaning of wool-polyamide and 
polyester textiles by TiO2-rutile modification under daylight ir-
radiation at ambient temperature. J Photochem Photobiol A. 
2005; 172: 27-34.

50. Wang R, Xin JH, Yang Y, Liu H, Xu L, et al. The characteristics and 
photocatalytic activities of silver doped ZnO nanocrystallites. 
Appl Surf Sci. 2004; 227: 312-317.

51. Dong W, Huang G. Research on properties of nano-polypropyl-
ene/TiO2 composite fiber. J Textile Res. 2002; 23: 22-23.

52. Zhou Z, Chu L, Tang W, Gu L. Studies on the antistatic mecha-
nism of tetrapod-shaped zinc oxide whisker. J Electrost. 2003; 
57: 347-354.

53. Xu P, Wang W, Chen S. Application of nanosol on the antistatic 
property of polyester. Melliand Int. 2005; 11: 56-59.



6

MedDocs eBooks

Importance & Applications of Nanotechnology

54. Shyr TW, Lien CH, Lin AJ. Co-existing antistatic and water-repel-
lent properties of polyester fabric. Text Res J. 2011; 81: 254-
263.

55. Bae GY, Min BG, Jeong YG, Lee SC, Jang JH, et al. Superhydro-
phobicity of cotton fabrics treated with silica nanoparticles and 
water-repellent agent. J Colloid Interface Sci. 2009; 337: 170-
175.

56. Yu M, Gu G, Meng WD, Qing FL. Superhydrophobic cotton fabric 
coating based on a complex layer of silica nanoparticles and per-
fluorooctylated quaternary ammonium silane coupling agent. 
Appl Surf Sci. 2007; 253: 3669-3673.

57. Yuen C, Ku S, Kan C, Cheng Y, Choi P, et al. Using nano-tio 2 as co-
catalyst for improving wrinkle-resistance of cotton fabric. Surf 
Rev Lett. 2007; 14: 571-575.

58. Lam Y, Kan C, Yuen C. Wrinkle-resistant finishing of cotton fabric 
with BTCA−the effect of co-catalyst. Text Res J. 2011; 81: 482-
493.

59. Yuen C, Ku S, Li Y, Cheng Y, Kan C, et al. Improvement of wrinkle-
resistant treatment by nanotechnology. JText Inst. 2009; 100: 
173-180.

60. Kumar S, Doshi H, Srinivasa rao M, Park JO, Schiraldi DA. Fibers 
from polypropylene/nano carbon fiber composites. Polymer. 
2002; 43: 1701-1703.

61. Jiang K, Li Q, Fan S. Nanotechnology: Spinning continuous car-
bon nanotube yarns. Nature. 2002; 419: 801-801.

62. Liu Y, Wang X, Qi K, Xin J. Functionalization of cotton with carbon 
nanotubes. J Mater Chem. 2008; 18: 3454-3460.

63. Daoud WA, Xin JH. Low temperature sol-gel processed photo-
catalytictitania coating. J Sol-Gel Sci Technol. 2004: 29: 25-29.

64. Wang R, Xin JH, Tao XM, Daoud WA. ZnO nanorods grown on 
cotton fabrics at low temperature. ChemPhysLett. 2004; 398: 
250-255.

65. Kathirvelu S, D’souza L, Dhurai B. UV protection finishing of tex-
tiles using ZnO nanoparticles. Indian J Fibre Text Res. 2009; 34: 
267-273.

66. Haslinger S, Ye Y, Rissanen M, Hummel M, Sixta H. Cellulose fi-
bers for high-performance textiles functionalized with incorpo-
rated gold and silver nanoparticles. ACS Sustainable Chem Eng. 
2020; 8: 649-658.

67. Ko J, Zhao ZJ, Hwang SH, Kang HJ, Ahn J, et al. Nanotransferprint-
ing on textile substrate with water-soluble polymer nanotem-
plate. ACS Nano. 2020; 4: 2191-2201. 


