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ABSTRACT

This study was designed to examine the effect from dyeing wool fabrics
when they are first treated with low-molecular-weight chitosan (LWCS).
First, we created LWCS from chitosan using different concentrations of
hydrogen peroxide, and then we analyzed its properties. The molecular
weight and the viscosity of LWCS decreased with increased concentra-
tions of hydrogen peroxide. Next we examined the effect that treatment
with LWCS had on the wool fabrics. The shrink-resistance and antibacte-
rial properties of dyed fabrics as well as the color intensity (K/S) were
inversely proportional tothe LWCS molecular weight and directly propor-
tional to the LWCS concentration. However, the K/S of the treated fabrics
peaked when the LWCS concentration reached 4%. Treating fabricswith
LWCS before dyeing had a positive effect on dyeing, shrinkage, and anti-
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bacterial wash fastness measured after 20 washes.
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INTRODUCTION

Chitosanisanaturally occurring polymer in chitin
with morethan 55% deacetylation. Chitosanthat isless
than 20% polymerized isan oligosaccharide. It hasa
relatively largemolecular mass, usudly ontheorder of
tensof thousandsor even millions. It hasintermol ecular
and intramolecular hydrogen bondsthat lead to stable
chemical propertiesand alow solubility. For example,
chitosanissolubleinonly afew typesof diluted acid
solution, andisinsolubleinweter, whichlimitsitsappli-
cation. Many specidistsinthetextileindustry havere-
ported thet chitosan canimprovethedye-affinity of wool
and silk fabrics by enhancing therate of dye uptake,
leveling, and dyeintensity*Sl,

Low-molecular-weight chitosan (LWCS) issoluble

in water and highly permeable. Compared to the
chitosan polymer, it has other advantagessuch asresis-
tance to microorgani sms, absorption of anionic dye,
inhibition of tumor growth, and reduction of cholesterol
and blood lipidg“. Thisareaof study hasattracted con-
Sderableinterest.

Current methodsused for the preparation of LWCS
include degradation by acid®®", yeast, and oxidization,
aswell asirradiation, microwaves, and ultrasonicwaves.
Oxidization degradationisthemethod most studiedin
recent years. It isarapid, low-cost, and simple pro-
cesswith notoxic residues. The primary reagentsused
include hydrogen peroxide®? and nitride™, with the
former being the most common.

Wool fabricsare quite unstable and tend to shrink
or crimp easily, and they losetheir origina shape after
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washing and heating. Thismeansthat wool fabricitems
must usually bedry-cleaned, or carefully hand-washed
with special detergent. Wool iscomposed of protein
fibers, small piecesof which may break fromtimeto
time. Thesenumeroussmal loose segmentsmix easily
with human sweat to provide anidea culturemedium
for the growth of bacteriaand molds. If thishappens,
thefabric can easily be affected by all kinds of micro-
organismssuch as bacteriaand mildew that may spread
disease and causethefabricto deteriorate, with discol-
oration, disintegration, and unpleasant smells. There-
fore, the shrink-resistanceand antibacteria properties
aretwo very important considerationsfor wool gar-
ments.

In astudy on the application of chitinand itsde-
rivativesto theantimicrobia finishing of wool and silk
fabrics, Takeshi reported that these compounds pro-
videvery strong antibacteria protection against Sa-
phylococcus aureusin wool and Escherichiacoliin
silki*3, Erraet al. used chitosan in afinishing process
for wool fabrics pretreated with plasma, and discov-
ered that this method added shrink-resistanceto the
fabrics, and wasremarkably hepful inamdioratingthe
biologica problems®3. Other studieshavereported that
soakingwool ina2-5%(w/v) chitosan solutionfollowed
by heat-treating makesthefabric shrink-resistant™.

Thisaim of this study wasto study the effect of
LWCStreatment on the dyeability, antibacterial prop-
erties, and the shrink-resi stance of wool fabrics.

EXPERIMENTAL

1. Materials

Ethanol, hydrochloric acid, and hydrogen peroxide
were purchased from Shimaku Medicine, Ltd.
Chitosan(85% deacetyl ation) was obtained from Tai-
wan Kaohsiung Applied Chemistry Co., Ltd. Sodium
lauryl sulfate and acetic acid were supplied by
Shimahisashi Pharmaceutical . All werereagent grade.
Thewool fabricsused astest productswere pretreated
by the washing and grabbing process. They were sup-
plied by ShunFuYai Industrial Co., Ltd.[48N, *x48N, ,
ends(52) and pickg(44); 66-inch width]. Anioinic sur-
factant Penetrating A C supplied by Tai Chieh Co., Ltd.
was used asanonionic surfactant. The C.1. Acid Red
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337 dyewasprovided by Everlight Chemica Industrid
Corp., andthelnlev NIA New leveling agent waspro-
vided by Jintex Corp.

2. Methods
Preparation of LWCS

Two gramsof chitosan weredissolved in 200mL of
0.1M HCl, stirred for 30min, and added to a5%, 10%,
or 15%(v/v) solution of hydrogen peroxide(H,0O,). The
mixturewastirred for 4h at 50°C and vacuum-filtered.
Theupper residuewasrinsed to neutral with distilled
water, and then baked and weighed. Ethanol wasadded
tothelower solution, |eft for 24 hto precipitate, and
then filtered, dried, and weighed. Thisproduced low-
molecul ar-wei ght, water-sol ubl e chitosan, which we
refer to as C5, C10, and C15, corresponding to the
5%, 10%, and 15% concentrations, respectively, of
H,O, used inthe process.

Application of LWC

We mixed weightsof 0.5g, 19, 29, 49, 69, and 8g
of C5, C10, and C15 LWCS with distilled water in
different concentrationsin the range 0.5-8%to pre-
pare afinishing solution. We added 1 g/L penetrating
AC and stirred for 30 min. Thewoolen fabricswere
impregnated withthefinishingsolutionfor 10minat room
temperature. Thiswasfollowed by squeezing to awet
pickup of 85%, pinning on aframewithout tension, dry-
ing at 80°C for 5min, and then curing at 100°C for 2min.
The sampleswere bagged at ambient conditions after
curing.

Dyeingof pretreated fabrics

Taketheacid dyeof 3% onweight of fiber, jointhe
leveling agent of 1g/L, liquor ratio is 1:20, the acetic
acid will adjust the pH of theliquid dyeto about 4.5,
then will prepare putsinto the steel bottle of dyeing
machine over itswool fabrics, dyed at 90°C for 45min,
then washed and dried, findly bagging, need to be mea
sured related property.

Analysisand measur ement

Werecorded Fourier transforminfrared attenuated
total reflectionmode (FT-IR/ATR) spectraof theLWCS
with aBio-Rad Digilab FTS-200 spectrometer and a
mercury-cadmium-telluride(M CT) detector. A diamond
crystal wasused astheinternal reflectance element.
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Single beam spectrawere the result of 64 scansand
the spectral resolution was 4cm'*. Detection of the
LWCS *H-NMR chemical shift was tested using a
Bruker AMX-400 L-NMR analyzer. A Bruker-AXS
D8 wasused for X-ray powder diffraction, with paral-
lel beam optics, aCu-target scintillation counter, and
sampler changer with rotation. The sampleswererun
with a 40kV, 100mA, 2-60°C theta/2 theta, 0.01°C
step size and a counting time of 5s. Viscosity of the
LWCSwasmeasured at 25°C using aWurtz viscom-
eter based on a 1g/L samplein a0.1M acetic acid,
0.2M NaCl solution. Themol ecular weight was calcu-
lated using theMark-Houwink equation, [n]=K[MV]a,
with K=1.81x10°%cm®/g and a=0.93". Element andy-
sisof LWCSwas performed on an Elementar Vario EL
anayzer. TheK/S of thetreated fabricswas measured
with aNippon ND 300A color-difference meter. The
treated fabricsweretested for their shrink-resistance
propertiesusing theAATCC TM 187-2001 method
describedinTABLE 1.

Theantibacterial propertiesof the sampleswere
tested using the JapaneseAssoci ation for the Functiona
Evauation of Textiles(JAFET) method JIS1902-1998.
Thefollowing equationswere used to ca cul atethe bac-
teria growth and bacteriogtatic and bactericida vaues:

Bacterial growth (F)=log(M /M ) (@)
An F value >1.5 would indicate statistical significance.
Bacteriostaticvalue(S) =log (M /M ) 2

An Svalue >2.2 would suggest that the sampl e has a bacterio-
static effect.

Bactericidal value(L)=log(M /M ) (3)

An L value >0 would suggest that the sample has a bacteri-
cidal effect. M_ isthe bacterial number in the sample of anon-
treated fabricimmediately after rinsing. M, isthe bacterial num-
ber in the sample of anon-treated fabric after culturing for 18-
24h. M_ is the bacterial number in the sample of the treated

fabric after culturing for 18-24h.

Investigations on theleaching behavior were per-
formed at 40°C using aRapid H-type dyeing machine.
A 1% agueous solution of sodium lauryl sulfate SDS
with apH of 7 wasused asawashing solution. After
leaching for 20min, thetextile sampleswerethoroughly
rinsed with water, and then dried a room temperature.
Thephysica propertiesinvestigated again after 20wash
cycles.

> Fyf) Poper
TABLE 1: Accelerated machineprogram settingst

Program Number of Timeper Temperature,
oper ation cycles cycle s °C
Wash 1 60
Agitation time 165
Rinse/dry 60
Agitation time 45
Spin time 35
Dry time 240

The air pressure was 3.8 bars, and the water level was 3L.
TABLE 2: Molecular weight, viscosity and element analysis
of LWCS

H-O Elemental
Sample r21112 composition(o/ 0) 'q(ml/ g) My
(ml) N C H (0]

Chitosan 7.40 39.06 6.22 47.32 293.474 240,500
C5 5.0 6.39 37.56 7.01 49.02 64.628 77,210
C7.5 7.5 6.36 36.95 6.98 49.71 34.944 40,100
C10 10.0 6.35 36.83 6.94 49.88 14.081 15,090
C12.5 12.5 6.33 3693 6.90 49.94 8.455 8,720
C15 15.0 592 3577 6.59 51.72 7.762 3,650

]

] | D
T
‘I |

: L _C
} I \ P, S

1 e 2 =

g |

c 1

] A~ a3

g 1 e

< I

—~ A

] ga L& T,
1 :

1550 1500 1750 1700 1580 1600 190 1600 1450 1400 1350 130 1750

We;venumber s(cm-3)
Figurel: FT-IR of chitosan and LWCS(a) chitosan (CO0),
(b) C5, (c) C10, (d) C15

RESULTSAND DISCUSSION

Elemental analysisand measurement of viscosity
and molecular weight

ASTABLE 2 shows, themolecular weight and vis-
cosity of chitosan decreased asmoreH,O, was used.
Thiswas dueto the degradation of the chitosan mo-
lecular chain, which caused the-OH and -NH, groups
to be oxidized into -COOH groups. Asthe H,O, in-
creased, the nitrogen content of the LWCS decreased
and oxygen content increased. The carbon and hydro-
gen contentsdid not show asignificant change, except
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Figure2: I1H-NMR of LWCS(C15)
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Figure3: X-ray of chitosan and LWCS(a) chitosan (CO0),
(b) C15, (c) C10, (d) C5
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Figure4: Effect of LWCS concentration ontheK/Sof the
treated fabrics. The K/S of pretreated fabricswith 1%
chitosan was14.75
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SCHEMATIC1

in C15, in which the oxygen increased more percent-
age-wisethan the other e ements, indicating the obvi-
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TABLE 3: *H-NM R chemical shift for Chitosan and LWCSin
D,0 solution

H-1 H-2
Chitosan® 4.87 3.18
Chitosan® 4.80 3.16 3.61 3.78 3.72
LWCS(C15) 4.75 3.16 3.57 3.66 3.71

H-3
3.78

H-4 H-5
383 3.74

H-6
3.87
3.82
3.80

H-7
2.07
2.02
1.91

aReference 1; "Chitosan in this study

ousdegradation that had taken place.
FT-IR analysis

Figure 1(a) shows the absorption peak of the -
CONH group to beat 1574cmrt. Thiswasduetothe
residual chitin. Figures 1(b), 1(c) and 1(d) show the
spectraof C5, C10, and C15, respectively. A signifi-
cant peak at 1600-1630cm* was dueto C=0 absorp-
tion, probably in anew side-chain group of LWCSas
reported € sewheré™. The oxidation of chitosan under
harsher condition might causethe degradation of amide
toform carboxylic acid (ion) and aminegroups, whose
absorption bandsare at about 1600-1640cm. Inthe
meantime, the hydroxyl group near thering might also
be oxidized toform carboxylicacid (ion).

'H-NMR analysis

Figure 2 showsa'H-NMR spectrum of C15.An
absorption peak occurred at 3.16 ppm (H-2) and four
moreat 3.57-3.80ppm (H-3, H-4, H-5, and H-6). An
H-7 absorption peak was observed at 1.91ppm and
an H-1 absorption peak at 4.75ppm. Comparing this
to theH-NM R absorption dataof chitosan from the
referencd?, in TABLE 3 and Schematic 1 weobserve
that no significant difference existsin the proton ab-
sorption peaks. Therefore, the structural formula of
LWCS created by theH,O, degradationin thisexperi-
ment wassimilar to that of theorigind chitosan.

X-ray detection of LWCS

Hgure 3 showslow-mol ecular-weight chitosan pro-
duced with various concentrations of H,O, solution.
The LWCS absorption peak isdifferent from that of
chitosan for 20°C of 11°C or 21°C. In figure 3(a),
chitosan hasadiffraction peak for 26 of 11°C, whereas
the LWCSdiffraction peak disappearsgradually asthe
H,O, concentration rises, asfigures 3(b), 3(c), and 3(d)
show. Inaddition, chitosan showed an obviousdiffrac-
tion peak at 21.2°C, while the C15 diffraction peak
shifted to 22.4°C, and the 20 diffraction peaks of C10
and C5 shifted to 22.5°C and 22.4°C, respectively. We
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inferred that increased amounts of H,0O, changed the
crystall ographic structureof chitosan.

Effect on thecolor intensity

Figure 4 showsthat fabrics dyed after treatment
with LWCS had higher K/Svaluesthan those of fab-
ricsdyed without the LWCS treatment. The K/Svalue
increased asthe LWCS molecul ar wei ght decreased,
and increased asthe LWCS concentration increased.
Thisoccurred because the reduction of the molecular
weight of LWCSincreased the uptake of dyethrough
osmosis. However, when the concentration of LWCS
exceeded 4%, theK/Svauewasimmediately reduced
sincetheviscosity of LWCSincreaseswithincreased
concentration, which worked againgt the uptake of dye
by osmosis.

Effect on theantibacterial and shrink-resistance
properties

Under weak acid conditions, the amine groups of
chitosan changeinto-NH," anions, whichinteract with
the cell wall of bacteriaand hinder the growth of the
microorganism™, TABLE 4 showsthat the antibacte-
rial propertiesof the pretreated fabricswere better than
those of the untreated fabrics. Thisoccurred because
the molecular weight of LWCSislow and so the os-
motic effect isstrong. The antibacterial propertiesof
thefabricsincreased with increasing LWCS concen-
trations, reaching a peak at 4%. Further increasesin
LWCS concentration caused little changein the anti-
bacterial properties.

Theshrinkage of the untreated fabricsin both the
warp and theweft direction wasgregter than that of the
treated fabrics, asshownin TABLE 4. Thetreated fab-
rics had reactive polymers compl etel y covering thefi-
ber scalesand possibly may have had evenathin pro-
tectivemembranelayer onthe surface. Thismeansthat
thetightnessof theyarn, the structure of thefabric, and
weaving dendty tended to restrict themovement of in-
dividud fibers. Under such circumstances, thefibersin
thetreated fabric would, of course, become much more
res sant to outs deforcesand not dip againg each other.
In other words, thefabric would become more shrink-
resistant!*”). We al so noted that shrinkageinthewarp
direction wasawaysgreater than intheweft direction
becausethewarp yarn was stretched moretightly than

= Pyl Paper

TABLE 4: Theanti-bacterial and shrinkage properties of
treated fabrics.

Anti-bacterial property Shrinkage (%)

LWCS - : -
o,y Bacteriostatic Bactericidal
conc. (%) Warp Weft
value value
Control? 45 24 6.57 5.36
0 0 <0 11.67  8.61
0.5 3.7 24 6.13 5.07
1.0 4.8 2.5 556  4.89
2.0 52 29 502  4.66
4.0 5.7 3.0 420 452
6.0 5.8 3.1 374  4.01
8.0 6.0 3.1 3.19 3.28

lpretreated with C15, ?pretreated with chitosan
TABLE 5: Wash fastnessof treated fabrict

After washing 20 times

Before washing

]

4 Anti-  Shrinkage Anti-  Shrinkage
g K/S bacterial (%) K/S bacterial (%)

® A+ B5 Warp Weft At B5S  Warp Weft
02 1156 0 <0 118 86 904 0 <0 136 97

40 235257 30 57 302086 51 26 62 32
Control314.75 45 24 6.6 54 1217 40 23 73 6.1

Pretreated with C15; 2Unpretreated fabric; °Pretreated with
chitosan; “Bacteriostatic value; °Bactericidal value.

theweft yarn during weaving, whichisthe main reason
why wool fabricsarelikely to shrink when heated. The
shrink-resistance of treated fabricsimproved withre-
duction of the LWCS molecular weight and with the
increasein LWCS concentration.

Wash fastness

TABLE 5 showsthe col or-fastness of treated fab-
rics after they had been washed 20 times. The color-
fastness of the untreated fabrics was very poor. The
fabrictreated with LWCS showed an 11.3% reduction
in K/S compared to 17.5% for thefabric treated with
chitosan. The LWCS-treated fabric had ashrinkage of
6-10% compared to 11-13% for the chitosan-treated
fabric. Theion binding of thedyeinthetreated fabric
resulted in better col or-fastness, and the dyed fabrics
exhibited superior antibacterial properties after treat-
ment with chitosanor LWCS.

CONCLUSIONS

This study was designed to examinethe effect of
LWCS treatment on the dyeing of wool fabrics and
resulted inimportant findings. Arst, themolecular we ght
and theviscosity of LWCS decreased with increased
concentrations of H,O,. Second, the K/S, shrink-re-
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sistance, and antibacterial propertiesof dyed fabrics
wereinversaly proportional toincreasesinthe LWCS
molecular weight, and directly proportiona to LWCS
concentration. Thiswastrueonly uptoalLWCS con-
centration 4%, at which point the K/S of the treated
fabricspeaked. Third, treatment of fabricswith LWCS
before dyeing had apositive effect on dyeing, shrink-
age, and antibacteria wash fastness measured after 20
washes.
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