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Abstract In this study, cotton fibers were coated with a different weight percentage of
octadecyl dimethyl(3-triethoxy silylpropyl) ammonium chloride(ODDMAC) to improve an-
timicrobial and water repellent properties. First, the ODDMAC dissolved in ethanol to pre-
pare a solution. Then the cotton fibers were immersed in the ODDMAC/ethanol solution
for 10 minutes at ambient temperature and dried at 80°C for 3 minutes followed by cur-
ing. The treated cotton fibers were characterized by scanning electron microscopy(SEM)
and x-ray photoelectron spectroscopy(XPS). The treated cotton fibers revealed sufficient
antimicrobial activity against Klebsiella pneumoniae(ATCC 4352) and Staphylococcus au-
reus(ATCCBAA-1707). The hydrophobic nature of the treated cotton fibers was charac-
terized by contact angle measurement. The results showed that the cotton fibers treated
with the ODDMAC showed excellent hydrophobic properties which improved to 121°.

Keywords water repellent, quaternary ammonium, antimicrobial, cotton fiber, long
alkly chain, hydrophobic surface
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Figure 1. Structure of Octadecy! dimethyl(3—triethoxy silylpropyl) ammonium chloride(ODDMAC)
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Table 1. Properties of fabrics used in this study
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Test fabric Properties of fabric
Mass per unit : 115 £ 5 g/m?
Cotton Whiteness value © Yo=89+2 Wwo=80%+3 Tio=-1%1

Fabric is desized and bleached

propyl) ammonium chloride(ODDMAC, 72% in
ethanol, Biosafe SIO 6619.2)2 7 Q1%Fa(KISCO,
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A AHEE A8 A= AATCC 19938 AHE-SFSITH
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100%E FA AlzeH, 80Tl 381+ A= oP%‘il‘%.
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2,324
2.3.1 FARMXEH0|A(Scanning electron microscopy—
energy dispersive spectroscopy, SEM—-EDS)
ODDMACE A 2] WA o] ¥} n| 32| Az
FHE Bluwsty] Y&, FAEA AR A (SEM, S-

Table 2. The condition treated condition of cotton.

4100, Hitachi Co. Ltd, Japan)& AF-33th. Al
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2.00k= E9 A 2 & 20002 GHAEH S 29
SR, X-ray 23324 7](EDS, Horiba, EX-250,
Japan)E &l WAl U HaiAS HAISHIH,
2.3.2 HXIEE7|(X-ray Photoelectron Spec-
troscopy, XPS)
ODDMACE A&7t & WA 454 24 C, O,
N ¢4 245 Yol X-A A2 EF71(Quan—
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tera SXM, ULVAC-PHI.
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, Japan)&

2.3.3 Me|M 2&7|(Fourier transform infrared
spectroscopy , FTIR)
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5 170
7 180
10 200
20
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Figure 2. Suggested reaction mechanism of ODDMAC with cotton fiber.
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Figure 3. Contact angle of water droplets according to processing concentration; (a) ODDMAC 1%, (b) ODDMAC
3%, (c) ODDMAC 5%, (d) ODDMAC 7%, (¢) ODDMAC 10%, (f) ODDMAC 20%.

Table 3. Contact angle of water droplets according to processing contents

Treatment conc.
(%0.w.1) ‘ 3 S 7 10 2
Contact angle 40 104 1 "7 121° 16°
(deg)
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Figure 4. Contact angle of water droplets according to processing temperature; (a) untreated cotton, (b) 130C
(8min), (c) 150°C(3min), (d) 170°C(3min), (e) 190°C(3min), (f) 200°C(3min).

Table 4. Contact angle of water droplets according to processing temperature

Treatment temp.

) Control 130 150 170 180 200

Contact angle B 68 19 191° 194 196°
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Figure 5. Surface and Cross—sectional SEM image of (a);(e) untreated cotton, (b);(f) treated cotton with ODD—
MAC(150°C,3min), (c);(g) ODDMAC(170°C,3min), (d);(h) ODDMAC(170°C,3min) and 50 washing.

Electron Image 1 Electron Irmage 1

Spectrumm 7

o a T T T T i i ki
1 2 4 ] 8 10 12 14 1} 2 4 [} g 10 12 1
Full Scale 2530 cts Cursor: 0.000 kev! Full Scale 453 ct= Cursor: 0.000 kel

Figure 6. SEM—EDS analysis of (a) untreated cotton (b) treated cotton with ODDMAC(170°C, 3min).

Table 5. Analyzed elements of (a) untreated cotton (b) treated cotton with ODDMAC(170°C, 3min)

Element Weight(%) Atomic(%) Element Weight(%) Atomic(%)
68.34 75.77
v CK : :
o C K 54.02 61.01 o oK 26.50 2 13
a 0K 45.98 38.99 2k Lo o
' ' Cl K 3.16 119
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Figure 7. XPS spectra of (a) untreated cotton (b)
treated cotton with ODDMAC(170°C, 3min),
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Table 6. Atomic percent of each element; (a) untreated cotton (b) treated cotton with ODDMAC(170°C, 3min)

Element (a) Untreated cotton atomic(%) (b) Treated cotton atomic(%)
O1ts 341 11.20
Sizp - 3.7
Cis 63.73 81.24
Nis - 3.85
015/Cis 0.54 0.14
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(a) untreated cotton

{d) 170°C(3min)
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Figure 8. FTIR spectra of (a) untreated cotton (b), (c), (d), (e), (f) cotton fibers with ODDMAC.
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Table 7. Antimicrobial test results of cotton fibers treated with ODDMAC

Bacterial no.(cfu/sample)

Sample Times(h.) -
S. aureus ATCC6538 K. pneumoniae ATCC 4352
0 1.6E+04 1.6E+04
Untreated cotton
18+1 1.3E+06 1.9E+07
10%,170(3min) 18+1 0.0E+00 0.0E+00
10%,170(3min}+50 washing 18+1 0.0E+00 0.0E+00
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Table 8. Color difference of (a) untreated cotton, (b) cotton fibers with ODDMAC(170°C, 3min)
Fabric L a’ b® KIS
Untreated 39.95 55.94 0.90 0.05
10%, 170°C(3min) 39.02 56.21 1.33 0.08
A SRS Bl 24 A % Table 8o el ¢13l] ODDMACS} W A2 A5 2h8-& S3to] 7}
o, L& white®} black F =<l BEE YEtHIL, ax o A Ueidle A& 2elskiit
red®} green A= AN =S ‘4‘&4“4 b= yellowst 2 A5toll A ODDMACE A &% HAfo A&
blueo] AEol FM=E %E}Hju}mo»%) AE *%gko] 1 A5 AH AR AEFS S Ad T Aol
Hp & 4 Setom AAF §S) QA7 7kt 5 FAol A g Elstlen, o] <A=& ODD-
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