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Mussel-Inspired Multifunctional Coating for Enhancing the UV-Resistant 
Property of Polypropylene Fibers

Abstract:  In this paper, UV-resistant polypropylene (PP) fibers were prepared witha simple and versatile strategy. The PP fiber was firstly coated a polydopamine(PDA) layer by simply dipping the fiber into an alkaline dopamine solution. Then, thetitania (TiO2) nanoparticles were chemically bound to the PDA layer through thereduction capacity of catechol groups in PDA, endowing the fibers with excellent UV-resistant properties. The surface chemical composition of modified fibers was con-firmed by attenuated total reflectance fourier transform infrared (ATR-FTIR) spec-troscopy and X-ray photoelectron spectroscopy (XPS). The surface morphology andthe crystalline structure of the modified fibers were studied by scanning electronmicroscopy (SEM) and X-ray diffraction (XRD) respectively. Thermo stability wascharacterized by thermogravimetry analysis. Besides, the mechanical and UV pro-tection properties were further investigated through monofilament tensile and theUV transmittance test. The results showed that the PDA and TiO2 were successfullycoated on fiber surface. Comprared to the pristine fiber, the modified fiber exhibitedbetter thermal stability. Particularly, the as-prepared PP-PDA-TiO2 fibers couldstrongly resist the UV rays with no change in mechanical properties.
Keywords: polydopamine, titania, polypropylene fiber, UV protection property.
1. IntroductionPolypropylene (PP) fiber is one of the most widespread syn-thetic fibers. Owing to its good mechanical strength, low den-sity, chemical resistance, thermal stability, and low cost, PPfiber is widely used in textile and filtration industries. Unfortu-nately, inherent hydrophobicity and radiation degradation ofPP limit its use in hypaethral applications.1 To improve the UV-resistance of fibers, a great deal of efforthas been paid to relevant research. The titania (TiO2) nanopar-ticles were one kind of commonly used UV-resistant additivesand effective UV shielding agents to against the UV rays. Han et
al.2 dispersed the TiO2 (treated with coupling agent) into eth-ylene glycol (EG) to react with terephthalic acid via polycon-densation, and finally spun the PET/TiO2 nanocomposites intofibers. However, the TiO2 nanoparticles in blending spinningsolution will cause damage to the internal structure of the fiber,

resulting a significantly decrease in mechanical properties.Thus, this method was unsuitable for practical application.Instead, coating the fiber with functional materials was aneffective method to overcome intrinsic deficiencies and intro-duce new properties to the final product. Previously, Tian et al.3,4deposited graphene oxide and chitosan on the fabric substrate
via layer-by-layer self-assembly and remarkably increased theUV-resistance of fabric. Nevertheless, the high cost and the com-plex steps limited its further application. Similarly, Xiao et al.5coated a nanoscale TiO2 coating on the silk fiber via atomic layerdeposition. After modifying, the TiO2-coated silk fiber possessedexcellent UV protection properties, mechanical properties andminimal yellowing. Unfortunately, this method was not condu-cive to mass production for the long production cycle. Karimi et
al.6 treated the cotton fabrics with TiO2 nanosol, and then thefabrics were hot-pressed to improve self-cleaning and UVblocking properties. Although this method was widely imple-mented in research, the adhesion between TiO2 and the sub-strate was generally unsatisfactory.Recently, dopamine (DA), an amino acid in secreted musseladhesive proteins, has attracted much attention for the strongadhesion to almost all types surface.7-10 In addition, the self-polymerization reaction of the dopamine was so mild (pH>7.5with oxygen) without need for any complicated instrumenta-tion or harsh reaction conditions.11 Furthermore, many functional
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Macromolecular Research groups (such as catechol, amine, and imine) on polydopamine(PDA) can serve as a versatile platform for secondary reactionsand improve the wettability of the hydrophobic materials.12-15It has been reported that PDA could react with the amine and/or thiol containing molecules through Michael addition or Schiffbase reaction.16-20 Especially, PDA could also resist the UV raysby quenching the reactive radicals, because its chemical struc-ture was similar to that of eumelanins. Besides, the catechol onPDA has the ability to reduce metal ions or metal oxide andmake it possible to deposit a metal oxide coating onto the sub-strates.21,22In this work, the UV-resistant PP fiber was fabricated throughPDA functionalization followed by the deposition of TiO2nanoparticles. The PDA layer introduced plenty of amine andcatechol groups onto the PP fiber, and these groups providedan important platform for secondary reactions of next step.Afterward, the TiO2 nanoparticles were reduced in situ to thecatechol groups in PDA, resulting in a TiO2 layer on the fibersurface. The combination of PDA and TiO2 nanoparticles endowedthe PP fiber with excellent UV-resistant properties. In thisapproach, neither complex operation nor any extra energy wasneeded, and the process did not require the time-consumingsynthesis and it was solvent free and non-toxic. Moreover, theTiO2 was immobilized on fiber surface with chemical bonds,unlike the physical adhesion through blending modification.Herein, it was a promising and potential strategy to modify thePP fiber.
2. Experimental

2.1. MaterialsThe PP fibers and nonwovens used in this study were suppliedby Hainan Xinlong Nonwovens Co. Ltd. (Hainan China). Dopa-mine hydrochloride was purchased from Ouhe Technology Co.Ltd. (Beijing China). Tris (Ultra-Pure Grade) was purchasedfrom Beijing Solarbio Technology Co. Ltd. (Beijing China). Boricacid was purchased from Letai Chemical Engineering TechnologyCo. Ltd. (Tianjin China). Ammonium hexafluorotitanate (Chem-ical Pure 98%) was purchased from Aladdin Reagent.
2.2. Preparation of UV-resistant PP fibersScheme 1 illustrated the detailed deposition process of PDAand TiO2 coatings. Firstly, the PP fibers were cut into 15 cm andsonicated in ethanol for 30 min to remove the residual organicreagent. Then the fibers were rinsed with deionized water forseveral times, and dried in the blowing oven for 6 h at 60 oC. The neat PP fibers were immersed in an aqueous solution ofdopamine (2 mg/mL), buffered to a pH typical of marine envi-ronments (10 mM Tris, pH 8.50).13 The mixture was stirred atambient temperature for 24 h. Subsequently, the fibers werewashed thoroughly with deionized water and denoted as PP-PDA. When the PP fiber was dipped in dopamine solutions,covalent and noncovalent interactions between dopamine andthe PP fiber were built up, making a PDA layer that was tightlystuck to the fiber surface.23 In addition, the color of the dopa-

mine solution displayed a visible alteration from colorless topale brown and finally to deep brown. It inferred that the PDAwas coated onto the fiber surface.24 The resultant PP-PDA fibers were immersed in the (NH4)2TiF6(0.1 M) and H3BO3 (0.3 M) solution with a pH value of 3.88 atroom temperature for 1 h, 3 h, 5 h, 7 h, 12 h. The TiO2 nanopar-ticles were generated via the hydrolysis of (NH4)2TiF6 and H3BO3,and then these nanoparticles were reduced in situ to the cate-chol groups in PDA. The immobilized TiO2 nanoparticles per-formed as the seed layer to promote the homogeneous depositionof TiO2. Eventually, a high-strength irreversible TiO2 layer formedon PP fiber surface. These samples were rinsed, dried anddenoted as PP-PDA-TiO2.
2.3. CharacterizationSurface morphologies of the pristine and modified fibers wereobserved and investigated via a scanning electron microscope(SEM, Hitachi S-4800, Japan) with an operating voltage of 10 kV.Attenuated total reflectance fourier transform infrared spec-troscopy (ATR-FTIR, NICOLET 6700, USA) was used to analyzethe chemical structure of the fiber surface. X-Ray photoelectron spectroscopy (XPS, Geneis 60S, USA)was used to investigated the chemical composition of the fibersurface with Al Kα excitation radiation (1486.6 eV).Thermogravimetry analysis was used to characterize thethermostability of the pristine and modified fibers. The param-eter of this measurement was from room temperature to 800 oCwith a heating rate of 10 oC/min in N2.X-Ray diffraction (XRD, D8 ADVANCE, USA) was used tocharacterize the crystalline structures of samples, and the dif-fraction patterns were recorded with the 2θ range of 5-35°.The pristine and the modified fibers were exposed to the UVlight for 48 h. The distance to the UV light was fixed at 25 cm.The UV intensity on PP fiber was 80 W/m2. The mechanical properties were measured by a monofila-ment tensile machine (LLY-06, China) at a tensile speed of 5mm/min and gauge length of 10 mm. The samples included thepristine and the modified fibers before and after UV exposure.The values of breaking strength and breaking elongation wereobtained from the average of 15 measurements.UV-Vis spectrophotometer (Lamda 35, PerkinElmer, Ger-many) was used to investigate the UV resistant property of sub-

Scheme 1. Schematic illustration of preparation route of the PP-PDA-TiO2.
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strates. In order to characterize the UV-resistance of materialconveniently, PP nonwoven fabrics were adopted and modi-fied according to the method mentioned above. 
3. Results and discussion

3.1. Chemical compositions of fiber surfaceATR-FTIR spectra of PP and PP-PDA were shown in Figure 1. Itcan be seen that the multiple peaks from 2800 cm-1 to 3000 cm-1belonged to PP, including various mode stretching vibrationalpeaks of CH, CH2, and CH3. Moreover, the peaks at 1376 cm-1and 1455 cm-1 were assigned to CH3 and CH2 bending vibrationbands respectively. Except for the mutual peaks, the PP-PDAcurve showed an additional peak at 1620 cm-1, correspondingto the overlap of C=C resonance vibrations in aromatic ring andN-H bending vibrations, which were brought by PDA, indicat-ing that the PDA was successfully coated onto the fiber surface.The chemical compositions of PP, PP-PDA, and PP-PDA-TiO2(1 h, 3 h, 5 h, 7 h, 12 h) samples were investigated by XPS anal-ysis. The results of PP, PP-PDA, and PP-PDA-TiO2-12h wereshown in Figure 2. The detailed elements content of all sam-ples were listed in Table 1. From Figure 2(a), C and O elementswere found in the PP survey scan. The O elements in PP fiberwere probably caused by additive added during productionprocess or brought by the H2O in the air. In the PP-PDA surveyscan (Figure 2(c)), a visible N 1s peak was appeared and the rel-ative amounts of O elements increased from 7.20% to 21.66%(Table 1), implying the PDA was coated on fiber surface. After

TiO2 deposition, a remarkable Ti 2p peak emerged for the PP-PDA-TiO2-12h fiber in Figure 2(e), and the relative content of Oelements were further increased. As expected, the amount of Tielements also raised with the increase of TiO2 deposition time.High-resolution scans were performed around peaks of C1s, N1s, and Ti 2p respectively. As shown in Figure 2(b), the C 1sspectrum of PP had two peaks, one for the C-C at 285.1 eV andthe other for the CH2 at 286.6 eV. The C 1s spectrum of PP-PDA(Figure 2(d)) can be curve-fitted into four components withbinding energies of approximately 285.1, 286.3, 287.3, 288.6 eV,corresponded to the C-C, C-N/C-O, C=O, O=C-N satellite species,which were formed during the dopamine oxidative polymer-ization. The C 1s spectrum of PP-PDA-TiO2-12h (Figure 2(f))contained only one peak component, which was attributed tothe C-C species, at a binding energy of 285.0 eV. The N 1s spec-trum of three samples was shown in Figure 2(g). The PP-PDAsample exhibited a peak at 400.1 eV due to the -NH- in PDA.Nevertheless, the N 1s peaks disappeared after the depositionof TiO2, which was consistent with the fiber surface coated bythe TiO2 nanoparticles. From the Ti 2p spectrum (Figure 2(h)),it can be seen that two Ti 2p peaks emerged for the PP-PDA-TiO2-12h fiber. The two peaks at 458.5 and 464.5 eV wereassigned to Ti2p3/2 and Ti2p1/2 respectively, which were typi-cal XPS spectra of Ti4+.8 As expected, the XPS analysis furtherverified the finding that both of the PDA and TiO2 coatings weresuccessfully deposited on PP fiber surface.
3.2. Crystalline structure and morphology of fiber surfaceCrystalline structure of PP, PP-PDA, PP-PDA-TiO2-5h were per-formed by XRD, the spectrum was shown in Figure 3. It can befound that there were three distinct characteristic peaks at 2θvalues of 14°, 16.8°, 18.4°, respectively, corresponding to the(110), (040), and (130) planes of α-crystal forms of polypropyl-ene. Furthermore, the three same curves with different inten-sity had no typical diffraction peaks for anatase or rutile TiO2on the PP-PDA-TiO2-5h fiber. However, it was evidenced thatthe TiO2 existed on fiber surface via XPS. Thus, with the combi-nation of the XRD spectrum and the reaction temperature (roomtemperature) used in this paper, it can be concluded that theTiO2 coatings was amorphous.SEM images of pristine and modified fibers were shown inFigure 4. It can be seen in Figure 4(a) that the pristine PP fiberdisplayed a surface with some micropits and grooves. Thesemicropits and grooves were probably the result of tensile crys-tallization in the processing of PP fiber.19 As shown in Figure 4(b),after dopamine oxidative polymerization, a uniform but roughPDA layer was formed on the PP fiber surface. The change insurface morphology further confirmed that PDA was success-fully deposited on the fiber surface. The PDA layer provided aplatform for secondary reaction, and the catechol groups inPDA reduced the TiO2 nanoparticles in situ. The images of PP-PDA-TiO2 fibers prepared at different time (1 h, 3 h, 5 h, 7 h,and 12 h) were shown in Figure 4(c)-(g). It can be seen fromFigure 4(c) and (d) that the TiO2 nanoparticles were small andindividually distributed on the PP-PDA surface at a short reac-tion time of 1 h and 3 h. With the increase of reaction time from

Figure 1. ATR-FTIR spectra of PP fiber and PP-PDA fibers.
Table 1. Elements composition of PP, PP-PDA, and PP-PDA-TiO2 fiberswith different reaction timesSample C (%) O (%) N (%) Ti (%)PP 92.80 7.20 - -PP-PDA 73.11 21.66 5.23 -PP-PDA-TiO2-1h 68.48 22.19 3.13 6.21PP-PDA-TiO2-3h 57.16 35.26 - 7.58PP-PDA-TiO2-5h 57.75 34.94 - 7.35PP-PDA-TiO2-7h 52.44 39.46 - 8.10PP-PDA-TiO2-12h 56.71 32.69 - 10.60
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5 h to 12 h, the TiO2 particle size and the thickness of TiO2 coat-ing increased gradually, resulting in the formation of a continu-ous and compact TiO2 layer on fiber surface. With the extensionof reaction time (as shown in Figure 4(f) and (g)), some signifi-cant cracks emerged in the TiO2 coating. These cracks were mainly
caused by lateral shrinkage during the drying process. Addi-tionally, the difference in coefficients of thermal expansion ofTiO2 coating and PP substrate may also one of the factors resultedthe cracks.

Figure 2. (a, c, e) XPS survey scan spectra, (b, d, f) C 1s spectra, (g) N 1s spectra, and (h) Ti 2p spectra of PP, PP-PDA, PP-PDA-TiO2-12h fibers.
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3.3. Thermal stability of modified fiberThe thermo gravimetric analysis (TGA) and derivative thermogravimetry (DTG) curves were shown in Figure 5(a),(b), respec-tively. From Figure 5(a), it can be found that the weight losscurves of the four samples exhibited similar two-stage process.

The weight loss between 30-350 oC was associated with theevaporation of the absorbed moisture on the fiber surface, and350-500 oC was the major decomposition stage, which indi-cated the decomposition of the PP fiber. No further weight losscould be observed above 500 oC. The residual were TiO2 particles.It can be found that the modified fibers had a higher decompositiontemperature than that of the original fiber, and the decomposi-tion temperature increased with the increase of TiO2 deposi-tion time. This was caused by the TiO2 coating and the stronginteractions (covalent bonds, noncovalent bonds and hydro-gen bonds) between PDA and substrates. From the DTG curves,the PP-PDA-TiO2-5h sample had a lower decomposition rate incomparison with the other samples, which was attributed tothe TiO2 layer performed as a protection layer to isolate the heattransfer and prevent fibers from being decomposed. The higherdecomposition rate for PP-PDA-TiO2-12h sample was mainlyresulted by the cracks on TiO2 coating. These cracks exposedfibers into the air and failed to protect it.
3.4. Mechanical propertyThe breaking strength and breaking elongation of original andmodified fibers were shown in Figure 6(a) and (b). As shown in

Figure 3. XRD spectra of PP, PP-PDA and PP-PDA-TiO2-5h fibers.

Figure 4. SEM images of (a) PP fiber, (b) PP-PDA fiber, and PP-PDA-TiO2 fibers prepared at reaction time of (c) 1 h, (d) 3 h, (e) 5 h, (f) 7 h,and (g) 12 h.

Figure 5. (a) Weight loss and (b) DTG spectra of PP, PP-PDA, PP-PDA-TiO2-5h, and PP-PDA-TiO2-12h fibers.
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Figure 6(a), the breaking strength of modified fibers had no sig-nificant change in comparison with the pristine fiber. In fact,the PDA and TiO2 coatings on the fiber surface would not affectthe crystalline structure of the fibers. From Figure 6(b), the break-ing elongation of fibers had an increase firstly from 24.7% to28.7%, and then decreased to 26.1%, the maximum value was28.7% (PP-PDA-TiO2-3h). The increase was mainly caused bytwo aspects. On the one hand, some of inorganic small mole-cules, such as alkali or acid, infiltrated into inside of fibers andperformed as the plasticizer to make the fibers more flexible;on the other hand, the PDA coating played a binder role in thissystem and provided a connecting force to prevent the fiberfrom being broken during the tensile process. For the samplesof PP-PDA-TiO2-7h and PP-PDA-TiO2-12h, the breaking elonga-tion decreased from 28.7% to 26.1%, since the TiO2 coatinggrew over thick, and the fibers became hard and brittle. Gener-ally, the mechanical properties of the fibers had no significantchange before and after the modification, which confirmed thatthis modification method was a stable and mild approach tomodify the PP fiber.
3.5. UV-Resistant propertiesThe mechanical properties of the pristine and the modifiedfibers before and after UV exposure were measured to explorethe UV protection property of the TiO2 coating. The resultswere shown in Figure 7(a),(b) and the detailed data was listedin Table 2 and Table 3. From Figure 7(a), it can be seen thatafter UV exposure 48 h, the breaking strength of the pristine PPfiber decreased sharply from 40.62 cN to 32.12 cN (the decreasevalue was 8.50 cN). The PP-PDA fiber had a lower decrease inbreaking strength (the value was 7.60 cN) in comparison withthe PP fiber. However, the TiO2-coated fibers maintained rela-tively high breaking strength. Furthermore, from PP-PDA-TiO2-1h to PP-PDA-TiO2-12h, the breaking strength increased grad-ually. In particular, the PP-PDA-TiO2-12h sample scarcely changed(the decrease value was only 1.01 cN) in breaking strengthafter the UV treatment, indicating that the TiO2 coating couldeffectively resist the UV irradiation. As to Figure 7(b), it can beseen that the breaking elongation after UV exposure presented

a similar trend to the breaking strength. Therefore, it can beconcluded that the TiO2 coating could absorb and reflect the UVrays, and provided an excellent UV protection property to thefiber.The UV transmittance was measured by using PP nonwovenfabric, the result was shown in Figure 8. Obviously, the PP-PDA

Figure 6. (a) Breaking strength and (b) breaking elongation of PP, PP-PDA, and PP-PDA-TiO2 fibers prepared at 1 h, 3 h, 5 h, 7 h, and 12 h. 

Figure 7. (a) Breaking strength and (b) breaking elongation of PP, PP-PDA, and PP-PDA-TiO2 fibers before and after UV exposure.
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nonwoven fabric had a remarkable decrease in transmittance,comparing to the PP sample. It suggested that the PDA also hadthe capacity to resist the UV rays. It has been reported that thePDA could quench the reactive radicals generated by UV radia-tion,25-27 and the PDA layer was served as free-radical scaven-ger on the fiber surface. The UV transmittance of the PP-PDA-TiO2-1 h nonwoven fabric was further decreased in compari-son with the PP-PDA. As known to us, the TiO2 nanoparticleswere an effective UV shielding agent to reflect and absorb theUV rays. The TiO2 coating could transform the UV rays into heatand visible light, and reduced the transmitted light to mini-mum. In addition, the transmittance decreased gradually fromPP-PDA-TiO2-1h to PP-PDA-TiO2-12h, and finally reduced to0% for the PP-PDA-TiO2-12h nonwoven fabric, implying thatthe modified samples obtained excellent UV-resistance proper-

ties. It also can be seen that the transmittance was in a lowdegree in the visible region (>400 nm), indicating that the TiO2coating could reflect or scatter the visible light. By the way, thesmall peaks around 270-390 nm maybe the result of additivesand organic residue in fibers, which was consistent with theXPS analysis of PP fiber. Consequently, it can be concluded thatboth of the PDA and the TiO2 layers showed good UV-resistantcapacity. The synergistic effect of the two layers vested the fab-ric with excellent UV-resistant properties.
4. ConclusionsIn conclusion, this study carried out a mild and environment-friendly strategy to fabricate the UV-resistance fibers. The PDAand TiO2 were coated on fiber surface simply via immersing thefiber into relevant solutions. Thermal stability was investigatedand the result suggested that the decomposition temperatureand decomposition rate were improved after modification. Theexcellent UV-Vis protection property of the modified fiber wasmanifested in UV transmittance. Especially, the UV transmit-tance of the PP-PDA-TiO2-12h nonwoven fabric was reduced to0% with no obvious change in mechanical properties. Thismethod can be extended and used in other fibers for variousapplications. 
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