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ABSTRACT KEYWORDS
The primary aim of thisstudy isto explore the property of Ag/TiO, complex Sol;
sol and its applications to processing nylon fabrics. Firstly, Ag/TiO, com- Nylon;
plex solsare prepared at different pH values, and then dyed nylon fabricis Processing;
processed. From results shows, preprocessing of complex sol isvery help- Bacterial resistance;
ful for promoting bacterial-resistance of the fabric, to the exclusion of its Dyeability.

dyeability. Moreover, color fixing features excellent fastness of dyeing and

bacterial resistance.

INTRODUCTION

The gel method isachemical method inwhicha
metal or semi-metal alkoxysilaneissubjected to hy-
drolysisand polycondensation. In thistechnology, an
inorganic precursor isused with acid-base catal yststo
generatereticular compounds. Thistechnology makes
it possiblefor processing at |ow temperatures, and or-
ganic materialscan beincorporated into theinorganic
phase without decomposition. Thismethod allowsthe
preparation of many products, such as powder, gel,
dried gdl, fiber and coatings*2. Thegel method dlows
the meta oxideof functional groupsto be coated onto
variousmaterias, serving the purpose of surfacemodi-
fication®9; for example: glass'Y, metal*? or organic
high polymerg**1¢l, Similarly, some dyes can be ad-
hered to materia sfor new applications, such asoptical
devices or biomedical sensors, etc.l*”%8, In the past,
the gel method was used to adhere dyesonto afabric,
but it wasthought that the fastness of rinsing of dyed

© 2010 Trade Sciencelnc. - INDIA

fabric could beimproved®24, Thisstudy usesthegel
method to process nylon fabric with complex sol. In
thisway, many processing properties, such asresis-
tanceto bacteriaand UV, are conferred, and color fix-
ing capability isprovided to improvethe fastness of
fabricdyeing.

EXPERIMENTAL

Materials

Titanium n-butoxide (99%, TTB) and 3-
glycidoxypropyltrimethoxysilane (GYPTMS),
tetraethoxysilane (TEOS) were purchased from
ACROSORGANICS, USA,; ethyl dcohol, aceticacid,
nitric acid, sodium hydroxide, hydrochloric acid, and
sodium lauryl sulfate (SLS) were purchased from
Shimahisashi Pharmaceuticd; ethyl acetoacetate (EAC)
was purchased from NIHON SHIYAKU INDUS-
TRIES; silver nitrate was purchased from Wako Pure
Chemicd Inc. Ltd.; INLEV NLA NEW (leveling agert,
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TABLE 1: Varioussignsof complex solsaredefined below
Concentration of AQNO3

Sign Definition

' (g/ml)
T " e
43 Complex sAo; Elg?;ride:th 3ml of 1.71x 10%
w6 CESEIIIIATTY s
410 Complex S,Zlgﬂgiaarte;‘; |_\:\gth 10ml of 57 % 10
6-10 Complex SXIg[’J\‘rg[;zzrteg F\:\gth 10ml of 57 % 10
8-10 Complex sxlg[:\‘rgzzzrteg F\:\gth 10ml of 57 % 10

10-10 Complex sol prepared with 10ml of 57x 10

AgNO; at pH10
industrid level) wassupplied by Jintex Corporation, C 1.
Acid Blue40 was supplied by Everlight Chemical In-
dustrial Corporation; nylon fabric that had been pro-
cessed withthefollowing specifications:

70%x160
24x136
was supplied by Promax textile.

Methods
Prepar ation of complex sol

Withvigorousstirring 10ml of butyl titanate (TTB)
was added to 30 ml of absolute ethyl a cohol, and then
2ml of acetic acid and 0.2ml of acetylacetone were
added. After dirringfor 30 minutes, auniform andtrans-
parent solutionwasobtained (solutionA). Didtilled water
(1ml) was added to 15ml of ethyl acohol, and 0.1 ml
of 1 M nitric acid was added sl owly, thenthe mixture
wasdtirred for 30 minutesto obtain solution B. By adding
solution B slowly into solution A, it was possibleto
obtain auniform and transparent yellowish sol. After
stirringfor 1 hour, 40ml of distilled water wasadded to
produceawhitesol. At different pH vaues (2~12), the
TiO, sol a the concentration specified abovewas added
toasolution of AGNO,, thusforming areaction system.
Stirring was continued for 3 hoursto obtain theAg/
TiO, complex sol. Next, anAg/TiO, dried complex sol
was prepared by drying the sol for 2 hoursat 80°C.
Dyeing of nylon fabrics

A 3% solution of acid dyeand 1g/L of leveling agent
inaceticacid weremixed at aratio of 1:20 (v/v). The
fabric was placed into the dye sol ution and left for 45
minutesat 105°C, and then thefabric wasrinsed and
dried.

X

—= Full Paper
Application of complex sol

(@ Preprocessing of complex sol for dyed nylon
fabric: The dyed fabric was placed into the sol
solution for 5 minuteswith the two-dipping two-
nipping method (pick-up = 80%), and dried for 2
minutes at 100°C, then heated for 2 minutes at
170°C. After rinsing and drying, thefabricwasdi-
vided into two parts; one part wasused directly for
detection; theother part was used for color fixing.

(b) Color fixing of dyed nylon fabric: HCl (15ml of
0.01N) wasadded to amixtureof 34 ml of TEOS,
6ml of GY PTMSand 50 ml of ethanol, and then
stirred at room temperature for 60 minutesto pre-
parethe solution for color fixing. Thefabric that
wastreated with the complex sol was placed into
the sol ution and soaked for 5 minuteswith thetwo-
di pping two-nipping method (pick-up = 80%). The
fabricwasdried for 2 minutesat 100°C,and then
heated for 2 minutesat 170°C.

Analysisand measur ement

Fourier transform infrared spectroscopy inthe
attenuated total reflection mode (FT-IR/ATR) spec-
traof the dried gels was recorded with a Bio-Rad
Digilab FTS-200 spectrometer using an MCT de-
tector. A diamond crystal was used astheinternal
reflectance element. Single-beam spectrawerethe
result of 64 scans. The spectral resolution was4cm™.,
TheK/S of thetreated fabrics were measured by a
Nippon ND 300A color-difference meter. The anti-
bacterial property of the treated fabrics was mea-
sured according to method JIS1902-1998 of the
JapaneseAssociation for the Functional Evaluation
of Textiles (JAFET), and thefollowing equationswere
used to cal cul ate bacterial growth, and the bacterio-
static and bactericidal value:

Bacterial growth (F)=log(M /M) (@)
An Fvaue>1.5indicatessignificancein the experi-
ment.

Bacteriogtaticvalue(S) =log (M /M ) 2
An Svaue>2.2 suggeststhat the samplehasabacte-
riostetic effect.

Bactericidal value(L)=log (M /M ) (3
AnL value>0 suggeststhat the sample has abacteri-
cidal effect.
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M_ = bacterid number inthe sampleof pure PAA poly-
mer immediately after rinsing. M, = bacteriad numberin
the sampl e of pure PAA polymer after culturingfor 18—
24h. M _= bacterial number inthe sampleof compos-
itehybrid materid after culturingfor 18-24 h. Investi-
gations of the leaching behavior were performed at
40°C using aRapid H-type dyeing machine. A 1% (w/
V) aqueous solution of sodium lauryl sulfate (SLS) with
pH 7 wasused asthewashing solution. After leaching
for 20 minutes, the textile sampleswererinsed inten-
sively withwater, dried at room temperature and the
physical propertieswereinvestigated again after 20
washes.

RESULTSAND DISCUSSION

FT-IR

To analyzethe property of varioussols, Ag/TiO,
dried complex sol was prepared by drying thesol for 2
hoursat 80°C. Figure 1 depicts FT-IR spectra of Ag/
TiO, dried complex sols prepared at different pH val-
ues. Among dried gesof 1380cmand 1625 cm?, ab-
sorption peaksof Ti-O-Ti and >C = O groupsareclesar,
of which >C = O isrepresented by the >C = O ab-
sorption peak of a compound of Ag and ethyl
acetylacetone. InFigure1a-D, thereisobvioudyaC =
C absorption peak at 1540cm. It can thusbe proved
that, although AgNO, islikely to form AgOH under
akalineconditions, itisunlikely toreact with Ti (OH),

treatment and washing 20times.
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Figurel: FT-IR of Ag/TiO,dry gel ((A)4-1(B)4-6 (C)4-10
(D)10-10)
to generate Ti-O-Ag after polycondensation. Thiscan
be deduced from an obvious O-H absorption peak at
3442cm't. But, no obviousdifferenceexistsinfigure
1b-A to 1b-C.

Anti-bacterial effect of fabrics

Figure 2 depicts SEM of dyed fabrics after pro-
cessing. When thefabric is processed only through
thecomplex sol, thefiber surface containsalittledried
complex sol, as shown in Figure 2a. In the case of
continued color fixing without rinsing, morefixing
agentsare observed adhered to fiber surface, asshown
infigure2b. It indi cates that the reagent remaining on
thefiber surface affords agood fastnessfor thefab-
ric, asshowninfigure2c. To provideafurther insight
into their content, EDS detection isrequired, withthe
results shown in figure 3and TABLE 2. Si and Ag
exist on the surface of fabrics after color fixing. For
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Figure3: EDSof treated nylon fabrics. Symbol the sameasfigure 2. Complex sol is10-10
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TABLE 2: EDSdataof treated nylon fabrics

—= Full Paper
TABLE 3: Dyeing property of treated fabrics

Contain
Elements Weight (%)* Atomic (%)
a’ b c a b c
(e} 89.56 70.91 76.12 96.87 79.98 84.70
Ti 737 414 387 263 255 144
Si ---- 2197 1825 --- 1701 13.61
Ag 307 298 19 050 046 0.25

'Relatively weight. 2a) Pretreated fabric with complex sol, b)
After fix treatment (no washing), c) After fixing treatment and
washing 20 times

TABLE 4: Wash fastness of treated fabrics

Samples Befl‘orewasshingz1 After washing 20 times
KIS A° B K/S A B

Control' 2278 0 <0 16.07 0 <0
Control> 1659 1.1 <0 16.12 0.6 <0
4-1 1734 41 27 16.86 3.2 24

4-10 19.08 6.3 33 17.98 5.4 29

10-10 2125 65 33 20.13 55 3.0

IK/Sof unpretreated fabricis 22.78, 2dyed fabric was only fixed
treatment. Sbacteriostatic value, “bactericidal value

thefabricswith color fixing beforerinsing, therelaive
weight percentage of Ag, Ti and Owill decline, possi-
bly owingto thefact that some of the dried complex
solson thefabric surface are stripped during color
fixing. Then,Agand S could beremoved after rinsing
20times. TABLE 3 givesthetested dyeability of fab-
ric. Thefabricwill have adeeper color after prepro-
cessing of theakali sol. Thisisprimarily because of
thelarger particlesize of Ag/TiO, or AgOH. When
they are coated onto the fabric surface, thereis a
greater probability of Ag restoration, leading to a
deeper color. However, aportion of thesol isremoved
after rinsing, and then alight color isrestored. Inthe
caseof color fixing, thedried fixingagent will yield a
little SO, on thefabric surfacefor color covering. On
the other hand, an acid sol will possibly dissolvethe
dried complex sol coated on the fabric surface, or
even dissolve and separatethe dye, leading to alight
color. After rinsing 20 times, it isfound that discolora-
tion of other fabrics, apart from those without col or
fixing, isimproved significantly. Thisisprimarily be-
cause thefixing agent formsareticular structureon
thefabric surface, makingit difficult for dyesor dried
gelsto be separated out?2, Although theleveling of
all fabricsmeetsthecriteria, theleveling of processing

KIS Eveness’®
Samples Pr ocessing methods
A B C D D

control 10.18 16.59 16.12 0.35
---16.07 0.21
4-1 1952 1863 17.34 16.86 0.64
4-10 20.34 20.19 19.08 17.98 0.48
6-10 2157 20.23 19.27 1843 0.51
8-10 2194 2171 2033 1884 0.37
10-10 2746 2228 21.25 20.13 0.98
12-10 29.07 2259 2164 20.15 112

1K/S of unpretreated fabric is 22.78, 2A: Pretreated with Ag/
TiO, complex sol., B:(A) through wash and dry, C:(B) again
fixating, D:(C)through 20 times washing. *Eveness=(K/S) -
(K19,
fabric subjected to preprocessingwithan acid sol is
relatively poor, possibly owing to larger particles of
dried gel onthefabric surface. TABLE 4 givesthe
anti-bacterial propertiesof variousprocessing fabrics.
It isshown that dyed fabrics and processed fabrics
have anti-bacteria propertiesonly after color fixing.
After preprocessing of Ag/TiO, complex sol, the pro-
cessed fabric has better anti-bacteria properties, due
to thesilver content. Moreover, ahigher concentra-
tion of AgNO, leadsto astronger resistance to bac-
teria

Wash fastness of treated fabrics

To exploretheeffect of color fixing, thedyeing and
anti-bacteria properties of processed fabric werede-
termined after ringing 20 times; theresultsaregivenin
TABLE 4. After washing 20 times, thedyeing of the
fabricwith color fixing isreduced only 3-6%, whereas
that of thefabricwithout color fixing reaches 16%. Fur-
thermore, thefabric with color fixing has good anti-
bacteria properties.

CONCLUSIONS

Thisstudy has prepared Ag/TiO, complex sol at
different pH va ues, and then processed dyed nylonfab-
ricviatraditiona soaking, padding, pre-drying and cur-
ing. The objectivewasto explorethe property of dried
complex sol on onehand; and to study theinfluence of
complex sol upon dyeability and anti-bacterid proper-
tieson the other hand. Thefollowing conclusionsare
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drawnfromthetest results. (1) Dried complex solspre-
pared under acid conditions have smaller particles,
whereas those prepared under akaline conditions
present alaminated structure. Therdativewel ght per-
centage of Aginthedried gel decreaseswithincrease
of pH value. (2) The concentration of AgNO, hasan
influence upon thewe ght percentage of dried complex
solsbut not onthe crystal structure. Meanwhile, acid-
base conditionshave noinfluenceuponthecrysd struc-
tureof thedried gdl. (3) In the case of increasing con-
centration of AgNO,, specific surfaceareaand thepore
volume of thedried gel wasincreased, but theorifice
Szebecomessmaller. Inthecase of an excessveamount
of AgNQ,, thereis areverse effect on particle size.
Under alkaineconditions, thredried gel presentsthe
largest aperture but the smallest specific surface area
and orificevolume. (4) Preprocessing of the complex
sol contributes to a good anti-bacterial property of
treated fabric, and color fixingisaso very useful for
stable dyeability and anti-bacteria properties.
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