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Supplementary Text 1. The detailed analysis of the ATR FTIR peak positions 
Supplementary Fig. 2a shows the ATR FTIR spectra of neat MPTMS and the H2O2-modified MPTMS. 

The neat MPTMS has two characteristic peaks at 1090 cm-1 and 2550 cm-1 (see curve b1), attributed to the 

stretching vibrations of Si–O–C and S–H groups, respectively.1,2 After oxidation by hydrogen peroxide, 

two new peaks of S=O appeared at 1030 cm-1 and 1415 cm-1, indicating that the mercapto groups (S–H) of 

MPTMS had been oxidized to sulphonic acid groups (see curve b2). The absorption peak at 1108 cm-1 

corresponds to the stretching vibration of Si–O–Si groups,3–5 implying that some hydrolyzed-MPTMS 

monomers had polycondensed and oligomerized. However, the strong absorption peak at 1636 cm-1 

confirms the presence of silanol groups (Si–OH),6 necessary for grafting the PDMS brushes on the surface 

of the nylon fabrics and indicates that most of the hydrolyzed methoxy groups remained as silanols and not 

oligomeric reaction products. The modified MPTMS did not show any S-H absorption peaks after oxidation 

(see curve b2), highlighting the successful formation of the primer as intended.  

To validate the primer deposition and grafting of PDMS brushes on the surface of the nylon-6,6 fabric, 

ATR FTIR was also employed. Supplementary Fig. 2b shows the ATR FTIR spectra of untreated and 

primer-PDMS brush treated nylon-6,6 fabrics. First, it is evident that there are two characteristic absorption 

peaks positioned at 1628 cm-1 and 1533 cm-1 for both the fabrics, corresponding to the stretching and in-

plane bending vibrations of nylon’s C=O (amide I) and N–H (amide II) groups, respectively (see curve c1 

and c2).7 After treating the fabric with the primer and PDMS brushes, a new peak at 1053 cm-1 was observed 

(see curve c2), corresponding to the stretching of the S=O group derived from the ionic bonding between 

the nylon fabric and the primer.8 In addition, the primer-PDMS treated fabric showed additional absorption 

peaks of Si–O and Si–O–Si at 804.7 cm-1 and 1108 cm-1, respectively (see curve c2).5,9 These peaks arise 

from the grafting of both the primer layer and PDMS brushes on the surface of the fabrics. 

Supplementary Text 2. Physical and comfort properties of fabrics  
While our study indicated that the primer-PDMS brush coating was successful, the coating would only 

find real-world usage if other fabric properties were not degraded. Fabric softness is a fundamental fabric 
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characteristic in the textile industry and is assessed via a fabric’s bending rigidity (mg.cm), for example 

using the BS 3356-1990 standard.10 A schematic of the bending test used in this study is presented in 

Supplementary Fig. 3a. The bending rigidity of the untreated and treated nylon fabrics is shown in 

Supplementary Fig. 3b. The bending rigidity of the primer-PDMS brush treated nylon fabric was 

statistically equivalent to that of the untreated fabric (p-value: 0.0628), indicating that the coating did not 

alter the mass of the fibers and maintained good softness of the treated fabrics. The handle of the fabric, in 

particular the shear rigidity and hysteresis of shear rigidity of the fabric, was determined following a 

Kawabata Evaluation method developed for fabrics.11 The shear values and curves of the untreated, softener 

treated, and primer-PDMS brush treated nylon fabrics are shown in Supplementary Table 1 and 

Supplementary Fig. 4, respectively. The shear behavior of softener treated fabrics slightly changed 

compared to untreated fabrics, with an average reduction of ~7 % in shear rigidity, G (see Supplementary 

Table 1). The primer-PDMS brush finishing resulted in an average reduction of ~31 % in shear rigidity. 

Similar results were observed for the shear hysteresis 2HG at 0.5 degree and 2HG5 at 5 degrees. The greater 

than 73% reduction in shear hysteresis 2HG and 63 % in 2HG5 further indicates that the finishing treatment 

significantly lowers inter-fiber and inter-yarn friction. This corroborates our ball-on-disc tribology 

measurements. 

Air permeability is another fundamental textile property and an important factor in the comfort of a 

fabric.12,13 The air permeability of the untreated and treated fabrics are shown in Supplementary Fig. 5. The 

air permeability of the fabric was statistically unchanged before and after the primer-PDMS coating 

deposition (p-value: 0.5108). This was expected, as the air permeability of fabrics mainly arises from the 

open voids between yarns, and the SEM images of the primer-PDMS brush treated fabrics showed that the 

finishing treatment did not block the fiber spacing of the fabrics (see Fig. 1d(iv-vi)). Together with the hand 

feel results, these characterizations indicated the low-friction fabric finish developed in this work would 

not decrease the comfort of nylon garments incorporating the coating. 



4 
 

Supplementary Table 1: Shear rigidity (G) and shear hysteresis (2HG and 2HG5) of the untreated, softener 

treated, and primer-PDMS brush treated nylon-6,6 fabrics. 

Samples G, gf cm-1, ×10-1 2HG at 0.5 degree, ×10-1 2HG5 at 5 degrees, ×10-1 

Untreated fabric 9.5 9.4 30 

Softener treated fabric 8.8 4.3 23 

Primer-PDMS brush 
treated fabric 

6.6 2.5 11 
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Supplementary Figure 1. Reaction schemes of the primer-PDMS brush coating. (a) Synthesis of sulphonic 

acid functionalized MPTMS (primer). (b) Primer reaction to nylon-6,6. (c) Grafting of PDMS brushes to 

the primer-coated nylon-6,6 fabric. Note that a single molecule of DCTMDS molecule is shown bonded to 

the fabric surface in c, whereas in reality the DCTMDS polymerizes to the PDMS brush structure. 

 

 

 

  



6 
 

 

Supplementary Figure 2. (a) ATR FTIR spectra of the primer, showing the conversion from neat MPTMS 

to sulphonic acid functionalized MPTMS. (b) ATR FTIR spectra of untreated and primer-PDMS brush 

treated nylon-6,6 fabric. 
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Supplementary Figure 3. (a) Schematic diagram of bending test according to the BS 3356-1990 standard. 

(b) Bending rigidity of untreated and primer-PDMS brush treated nylon-6,6 fabrics. ns = no significance 

(p-value > 0.05). Error bars are the mean ± 1 SD and here N = 5. 
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Supplementary Figure 4. Shear curves of the untreated, softener treated, and primer-PDMS brush treated 

nylon-6,6 fabrics according to a Kawabata analysis. 
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Supplementary Figure 5. Air permeability of the untreated and primer-PDMS brush treated nylon-6,6 

fabrics, according to ASTM D737-96 standard. ns = no significance (p-value > 0.05). Error bars are the 

mean ± 1 SD and here N = 5. 
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Supplementary Figure 6. Dry friction measurements of nylon/nylon and brush/nylon samples. For the 

mixed interface (brush/nylon) the friction was still reduced ~29% (p-value: 0.01262), and this was 

independent of whether the ball or disc was coated (p-value: 0.09967, ‘ns’ = no significance in Fig. 4b). 

However, in the case of the PDMS brush-coated ball sliding on the bare nylon disc (brush/nylon 

arrangement), the friction factor began to increase for longer sliding distances, and eventually approached 

the friction factor of the bare nylon/nylon interface. Given that nylon is itself abrasive, as evidenced by the 

microfiber shedding experiments, this result suggests that the PDMS brushes were being removed from the 

nylon ball during the tribological analysis. While at first glance this would indicate a durability issue for 

the coating, in reality this tribological interface is far from practical. Assuming Hertzian contact between 

the ball and disc, the diameter of the circular area of contact during the tribology experiments was ≈ 200 

μm, or just 5% of the total sliding distance. This would be comparable to a fabric with 95% bare nylon 

fibers–far from representative of a coated textile. In contrast, the nylon/brush configuration, where no 

increase in friction was observed, would represent a fabric with 50% coated fibers and 50% bare fibers (as 

any abraded coating is replaced by fresh coating during sliding). While still demonstrative of a poorly 

finished fabric, these results instead indicate that the coating remains effective at reducing friction even 

when roughly half abraded away and would thus continue to lessen microfiber shedding throughout the 

lifetime of the garment. 
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Supplementary Figure 7. Stribeck curves for sliding bare nylon ball on primer-PDMS brush coated nylon 

discs. The wet friction measurements were repeated four consecutive times, indicating wear of the coating 

with repeated tribology testing. 
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Supplementary Figure 8. The effect of commercial fabric softener on the friction of nylon. The untreated 

and primer-PDMS brush treated nylon’s wet friction are shown for comparison. All tests were repeated at 

least four times. 
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Supplementary Figure 9. To better simulate the walls of a washing machine, tribological measurements 

were also taken between steel balls and nylon discs, either uncoated or treated with the primer-PDMS brush 

finish. (a) Dry friction factor results of the two different sample arrangements over an 8 mm sliding distance. 

(b) The Stribeck curves (wet friction) results for bare and primer-PDMS brush coated nylon surfaces, again 

using a steel ball.  
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Supplementary Figure 10. Dry friction factor between steel and nylon, either treated or untreated. The 

friction factors were measured over an 8 mm sliding distance. **** indicates a Student’s t-test p-value < 

0.001. The box presents the first quartile, mean, and the third quartile from lower to higher amounts. The 

minimum and maximum are shown as lowest and highest whiskers, respectively. 
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Supplementary Figure 11. The mean number of microplastic fibers (MPFs) per gram of fabric released 

from untreated and primer-PDMS-brush-treated fabrics as a function of washing conditions. Error bars are 

the mean ± 1 SD and here N = 3. * indicates a Student’s t-test p-value < 0.05,  ** indicates a Student’s t-

test p-value < 0.01, and ns = no significance (p-value > 0.05). For the untreated fabric the mild wash (at 

40 °C for 1 h) produced statistically less microfibers than the heavy wash (at 60 °C for 24 h), and the 

medium wash (at 60 °C for 6 h)  produced statistically less MPFs than the heavy wash. For the primer-

PDMS brush treated fabric, all three wash cycles produced a statistically similar number of MPFs. 
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Supplementary Figure 12. The mean number of microplastic fibers per gram of fabric released from 

untreated and primer-PDMS-brush-treated fabrics, plotted against different washing times. Note that the 

1 h wash was conducted at 40 °C whereas the 6 h and 24 h washes were done at 60 °C. Error bars are the 

mean ± 1 SD and here N = 3.  
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Supplementary Figure 13. Static water contact angles of the untreated and primer-PDMS brush treated 

nylon-6,6 fabrics as a function of the number of washing cycles. The inserts in image show deposited water 

droplets before and after washing the fabric. Error bars are the mean ± 1 SD and here N = 3. 
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Supplementary Figure 14. Static water contact angles of the untreated and primer-PDMS treated nylon 

fabrics as a function of washing conditions. Error bars are the mean ± 1 SD and here N = 3. *** indicates 

a Student’s t-test p-value < 0.001 and ns = no significance (p-value > 0.05). For both the untreated and 

treated fabrics, only the heavy wash (at 60 °C for 24 h)  altered the wettability of the fabric statistically 

significantly. 
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Supplementary Figure 15. The mean number of microplastic fibers (MPFs) per gram of fabric released 

from different commercially available nylon fabrics treated with softener and without softener. Error bars 

are the mean ± 1 SD and here N = 3. The addition of a fabric softener did not reduce the shedding of MPFs 

statistically significantly, as compared to the untreated fabrics. ns = no significance (p-value > 0.05).   
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