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ABSTRACT

Viscose fiber provides fabrics with superior clothing comfort and appear-
ance characteristics. Vortex and air jet spinning technology provides yarn
with unique structures, which can be produced at a high production rates.
The unique properties of viscose fibers on one hand and vortex and air jet
spinning technology on the other hand have been exploited by many re-
searchersto provide fabricswith superior clothing comfort. Inthisresearch
work knitted fabrics were produced using viscose vortex and air jet yarns.
The knit structure and stitch density were varied. Fabrics made from the
vortex yarnswere superior in terms of pilling and abrasion resistance. The
study of the effect of stitch density on selected fabric characteristic re-
vealed that pilling and abrasion resistance were positively correlated to
stitch density. Air permeability was negatively correlated to stitch density.
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INTRODUCTION

Theairjet yarn can be classified as an open end
spun yarn which consists of acore made up of nearly
pardle fibersand asheath of wrapper fibers. Thisstruc-
tureisdifferent from conventiona yarn structuresand
henceimpartsspecid propertiestotheyarn. Theairjet
yarn has some drawbacks, whichincludelow level of
yarn strength and limitation of thetypesof fiberswhich
can be spun?, These drawbackslimited its applica-
tion, and hence attracted the attention of severa re-
searchers, who reported that fiber type, preparatory
process (likediver drawing), and spinning parameters
(maindraft, air pressure, nozzle settings, etc) aresome
of theimportant parametersto be considered, so asto

optimizeairjet spinning>#3+%, Modificationsof theairjet
spinning process parametersled to theinvention of the
muratavortex spun (vortex yarn), which hasmorewrap-
per fibers. Anincreaseinthe number of wrapper fibers
leadstotheincreasein vortex yarn strengthf?. Thestruc-
ture and propertiesof thevortex yarn are affected by
severd factorswhichincludefiber properties®, draft-
ingratio™, air vortex flow process, nozzle structurd>®
and plying of theyarn (single or doubleyarn)®. Oneof
the important vortex spinning machine partsis the
spindle. Ortlek et d® investigated the effect of spindle
diametersontheyarn quality characteristics. There-
sultsindicated that the spindle diameter wasdirectly
proportiond toyarn hairiness, but inversely proportiona
to yarn unevenness. In comparison to thering and ro-
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tor spunyarnsthevortex yarn structure exhibited lower
hairiness, better abrasionresistance and superior pilling
property429, A study of thefactorsaffecting thehairi-
nessof vortex polyester/viscose blended yarnindicated
that drafting systemisaninfluentia factor. Other im-
portant factorsincluded top roller, the back zone set-
ting, the break draft, the yarn count and twist?Y. The
advantagesof fabricsmade using vortex yarn aremany.
Apart from better hairinessand pilling resstance, fabric
madefromvortex yarns, when compared to those made
from ring spun yarns, show better characteristicswhen
factorssuch asabsorbency, air and water permeability
areconsidered®!. Theseare someof theimportant fac-
torswhich affect clothing comfort.

Apart from the spinning technol ogy the type of fi-
ber used isone of theimportant factors, which must be
considered whendesigning afabric. Textilefiberscan
be subdivided into two main classes; natural and man-
madefibers. Man-madefibersarefurther subdivided
into severa groupswhichincluderegenerated, organic,
inorganic and synthetic fibers. One of the oldest man-
made fibersisviscose rayon (viscose). Viscose was
originally devel oped asachegp dternativeto silk, and
isconsidered asabiodegradablefiber sinceitismanu-
factured fromwood pul p. Viscosefiber hasasoft and
comfortablefeel, and producesfabricswith aunique
drape. Viscosefiber ismore absorbent when compared
to cotton and can therefore be used to design fabrics
which need to absorb perspiration fromthehuman skin.
The high absorbance propertiesalowsfor the dyeing
of viscose using awide range of dyes producing deep
colors. Viscosefiberissuitablefor varioustypesof in-
ner and outer knitwear productsduetoitscomfort and
visual characteristicg®. However, one of the weak-
nesses of viscose fiber as reported by Busiliene,
Lekeckas & Urbelid” isitscomparatively higher ten-
dency to pilling. Thisreport wasgiven after studying
knitted jersey fabricsmadefrom yarnsspun usngvis-
cose, bamboo, cotton, polyester and polyamidefibers.
Asdtated earlier on, vortex yarn spinning technology
appearsto overcomethisproblem4. In this context,
useof vortex spunyarns, particularly when produced
from viscose fibers, offers an opportunity for fabric
designersto utilize the combination of viscosefiber and
vortex spinning method for the production of fabrics
where clothing comfort and appearanceare priorities.
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Whilethe combination of viscosefiber and vortex spin-
ning can producefabricswith superior clothing comfort
characteristics, the choice of afabric’s manufacturing
system hasto be made.

Knitted fabrics have cut aniche above the other
fabric forming systemsin termsof fabric opennessand
elasticity. Thisenablesthemtofind applicationin de-
sgnof fabricswith specid functiondity suchascdothing
comfort. Thecharacteristicsof knitted fabricsare de-
pendent on fiber types, yarn structure, fabric forming
techniques and fabric treatment. Fabric porosity, one
of theimportant factorswhich affect clothingcomfortis
dependent onfabric opennessasillustrated using math-
ematical modelsdeveloped by Ogulata& Marvuz®!,
Fabric openness has been reported to be dependent
on thetype of knit structures22224, Structureswitha
higher level of opennessallow easier movement of air
and moisture, which will affect the heat balance of a
human body, hence contributing to clothing comfort.
For situationsthat require heat preservation, tighter
structures are preferred sincethey providelessporos-
ity, hencelimiting thelossof warm air that is created
between the fabric and the human body. Sometimes
severad layersof fabrics may be needed to provide op-
timum air and moistureflow to ensurethe body tem-
perature is maintained at a comfortable and health
levell®S, Apart from fabric porosity, theknit structure
aso affectsother quality characteristicswhichinclude
loop length, fabric thickness, dorasionresstance, pilling
resistance and bending behaviorit123038 Al the afore-
mentioned factors also affect clothing comfortin one
way or another. Anintensive study covering the effect
of fiber type, knitted structure characteristicsand ahost
of severd other factors, which haveasignificant impact
on theclothing comfort of fabrics, reported that thefi-
ber type and knitted structure, are some of theimpor-
tant factorsto be considered. The effect of theknit
structure on the fabric characteristics cannot be over-
emphasi zed. Infact themanipulation of theknit struc-
tureisone of theimportant approachesto designing
fabricswith agiven clothing comfort functiondity. This
has been amply demonstrated by Chen et a®, who
used anovel approach to design knitted fabricswith
improved water absorption and air resistance proper-
ties based on biometric double layered knitted struc-
tureswith plant based branching system. In summary
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clothing comfort for aparticular fabricwill be affected
by severa factorswhichincludefiber type, spinning
method and knitting structure. Theaimof thisresearch
paper wasto study the effect of change of stitch density
on selected fabric characteristics of viscoseknitted fab-
ricsmadefromvortex and airjet yarns.

MATERIALSAND METHODS

Yarn spinningand testing

Yarnswere produced from viscose staple fibers
whoselength and finenesswas 38 mm and 1.33 dtex
respectively. Thespinning processincluded cardingand
drawing processesto producedliver of 3.5 ktex, and
the spinning wasdone on aMurataair jet and vortex
spinners. Except for unique machinesattingsonthetwo
spinning systems, the spinning conditionswere kept
constant. The characteristics of theyarn samplespro-
duced were measured under standard conditions. Yarn
unevennesswas measured on’Y G133B/M yarnirregu-
larity analyser. Hairinessva ueswere measured using
Y G172 Hairinesstester.

Fabricknittingand testing

Fabricswereknitted on aflat knitting machine. The
fabricsproduced were; rib (RB), full cardigan (FC) and
haf cardigan (HC) Structures, with every design having
threedifferent stitch densities designated asloose, me-
diumandtight (TABLE 1). Thesampleswereknitted
insuchamanner asto ensurethevortex andairjet yarns
had similar stitch density for agiven knitting pattern.
From theknitting machine, fabricswere subjected to
dry relaxation by laying them flat in astandard room
condition (temperature of 21 +2°C and rel ativehumid-
ity of 65+ 2% RH) for one week. Samples to be tested
were conditionedin the standard room conditionsfor
48 hoursprior to testing.

TABLE 1: Codingfor fabricdesigns

Knit structure Code L oop Density Code
Rib RB Loose 1
Full cardigan FC Medium 2
Half Cardigan HC Tight 3

Thefabricthicknessfor the sampleswas measured
usingtheproceduregiveninASTM 1777-96 standards.
Martindal e pilling and abrasion tester wasused to as-

sessthepilling and abrasion va ues of thefabric samples
accordingtoASTM 4970 and ASTM 4966 standards
respectively. Thedegree of pilling was assessed visu-
aly by comparison with the standards. A lower number
(for example 1) meansthepilling res stlanceislow, (i.e.
poor pilling resistance) and ahigher number (e.g. 5)
meansthefabric showslower tendency to pilling hence
thepilling resistanceishigh. Abrasion resistancewas
assessed by rubbing the fabric samplesuntil theend
point or when aholeappeared inthespecimen. A higher
number of revolutionsimply that the samplehasahigh
level of dbrasionresistance. Thevice-versaisasotrue.

Air permesability was measured using theair per-
meability tester Y G461E accordingtoASTM D 737
standards.

RESULTSAND DISCUSSIONS

Yarn quality characteristics

Thequality characteristicsof thevortex and airjet
yarnsaregivenin TABLE 2. Thevortex yarn showed
better yarn evennessdueto thelower U%. Theimper-
fections (Neps, thin and thick places) and hairiness of
thevortex yarnsare also lower, hencevortex yarn can
be adjudged to have better quality characteristics. This
Isin agreement with the results obtained by Basal and
Oxenham@, when studying yarns made from polyes-
ter/cottonyarns.

Vortex spinning wasan improvement of theairjet
spinning technol ogy whereby morethantwoaair jetsare
used to create athree dimensional air vortex that not
only increasesthe number of wrapping fibersbut aso
increasesthewrapping length of thewrapper fiberd??.
Thisleadsto ayarn with better evenness.

TABLE 2: Yarn quality characteristics

Par ameter Vortex yarn Airjet yarn
U% 8 9.08
Thin places (-50%) per km 0 7
Thin places (-30%)per km 123 943
Thick places (+50%)per km 1 1
Neps (+200%)per km 51 863
Hairinessindex (At 3mm) 0.13 6.84

Fabricquality characteristics
Thefabricsquality characteristicswere measured
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asexplainedinthe material sand methods section. By
counting the courses and wales per cm for thefabric
samplesthestitch density wasdetermined asisgivenin
TABLE 3. Other fabric characteristicsmeasured in-
cluded fabricthickness (FT), Fabric weight (FW) and
Looplength (LL), whoseresultsaregivenin TABLE 4.

TABLE 3: Sitch density

Fabric SD (CW/cm?)
Type Vortex Airjet
RB1 32.3 304
RB2 42.1 39.7
RB3 44.2 46.8
FC1 18.8 20.5
FC2 21.6 23.8
FC3 24.6 26.4
HC1 17.7 155
HC2 24.1 22.3
HC3 32.9 29.7

Anadysing the stitch density datafor difference of
meansrevea ed that for any given designed samplethe
vortex and airjet knitted fabric had approximately equd
gtitch dengity. In other wordsthedifferencesinthestitch
dengtiesfor thevortex andair jet yarn samplesfor any
givenknit design (say RB1) werenot significantly dif-
ferent. Thereforeacomparison of other fabric charac-
teristics can beundertaken toinvestigateif thetype of
yarn and the changein stitch dengity had any effect on
fabric characteristics. Thefabricthicknessfor theknit-
ted samplesasshownin TABLE 4 indicated that for a
given knit structure the fabric thicknessdecreased as
the stitch density increased. This could bedueto the
fact that thel oop length decreased asthe stitch density
increased. Despite the fact that the loop length de-
creased theincreasein the number of stitches (oop)
outweighed thedecreas ng length, leadingto anincrease
infabricweght.

Fabric comfort characteristics

Effect of stitch density on fabricpillingresistance

Theresultsfor fabric pilling aregivenin Figure 1.
Asexplained inthe material and methods section, the
lower the grade thelower thepilling resistance, while
the higher the grade the higher the pilling resistance.
From the aforementioned diagram (Figure 1), pilling
resistance for fabrics made from vortex yarns, in-
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creased asthestitch density increased for therib struc-
ture. Theother structures showed amixture of little
change or anincrease of pilling resistance asstitch
dengty increased. Thesamplesmadefromairjet yarns,
showed anincreasing pilling resistancetrend, asthe
stitch density increased. Considering that fabricswith
higher stitch density exhibited lower fabric thickness
and shorter loop length (TABLE 4), it can therefore
beinferred that pilling resistanceincreased asfabric
thicknessand loop length decreased. Thereforepilling
resistanceisinversely proportiond to fabric thickness
and loop length. Comparing thefabric madefrom vor-
tex and airjet yarn, thevortex yarn fabrics showed a
higher resistanceto pilling.

TABLE 4: Fabricquality characteristics

Fabric ~ FT (mm) FW (g/cm?) LL (cm)

Type Vortex Airjet Vortex Airjet Vortex Airjet
RB1 1.83 194 0.034 0.032 133 1.35
RB2 1.77 191 0.037 0.037 1.18 1.22
RB3 1.76 1.84 0.041 0.042 1.05 1.07
FC1 2.65 272 0.037 0037 115 1.08
FC2 2.52 25 0042 0.042 11 0.96
FC3 2.3 231 0.043 0043 094 091
HC1 237 271 0034 0034 128 131
HC2 232 261 0036 0.036 107 1.18
HC3 2.22 238 0.037 0.037 1.02 1.04

Fabricpillsaresmdl knotsor balsmadefrom mix-
turesof widevarietiesof smdl fibers. They accumulate
at the surface of the fabric and get entangled by mild
frictional action during processing or wearing. WWhen
thepillinglevel ishigh, thefabric may exhibit kinirrita-
tion, when worn next to the skin asan undergarment. It
a so affectsboth the handle and appearance of thefab-
ricsthereby affectingtheoverdl physiologica comfort
of thegarment.

6 W Vortex O Airjet
5
S 4
=
1
0
RB1 RB2 RB3 FC1 FC2 FC3 HC1 HC2 HC3
Fabric Type

Figurel: Fabricpilling
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Asexplained earlier on thedegree of pillingwas
assessed visually by comparison with the standards.
Fabrics made from vortex spun yarns exhibited
comparatively better pilling resistance. Thismay be
duetothefact that thewrapper yarnswhich areat the
outer part of theyarn (sheath) aretightly held and have
comparatively longer wrapping length®27. Thismay
|eave comparatively much shorter fiber length avail-
ablefor pill formation (as shown by the better hairi-
nessfor vortex yarn (TABLE 2)) leading to higher
resistanceto pilling.

Effect of stitch density on fabric abrasion resis-
tance

The investigation of fabric abrasion resistance
which was undertaken using martindale fabric abra-
sion tester showed that the vortex yarn knitted fabrics
samplestook longer to get abraded, hencethey have
abetter dbrasonresistance (see TABLEDS). Thiscould
be due to that fact that the vortex yarn has a more
compact structure when compared to theairjet yarn
asdiscussed inthefabric pilling section earlier on. It
can a so be seen from the af orementioned tabl e that
the stitch density ispositively correlated with fabric
abrasion. Thereforeit can beinfered that abrasion re-
sistanceimproved astheloop length and fabric thick-
nessdecreased. Thisisin agreement with Kane, Patil
& Sudhakar™ results. The higher level of abrasion
resistance could be dueto thetight packing of yarns
inthe sampleswith higher stitch dengities.

TABLE5: Abrasionresistance
Rotations (/1000 r ubs)

Fabric —
Vortex Airjet
RB1 85 50
RB2 90 70
RB3 105 100
FC1 90 65
FC2 90 75
FC3 95 75
HC1 60 50
HC2 65 60
HC3 65 60

Effect of stitch density on air per meability

Air permeability for thevortex and airjet yarn knit-
ted fabric samplesaregivenin Figure 2, which showed

that, thefabricsmadefrom airjet yarnsallowed more
air to passthrough. Thedifferenceishowever not sig-
nificantly different. Thefigurea so showsthat thetighter
thefabric (higher stitch density) thelower theair per-
mesbility. Thisisinlinewith thegeneraly accepted fact
that theair permeability of afabric dependsontheleve
of thefabrics opennesd161923,

Air permeghility isthemeasure of theair that passes
through agiven areaof fabric. It decreasesasthestitch
density decreases. Higher stitch density leadsto more
courses and waleswhich occupy more space, leading
tosmaller poressize. The decreased poressizeleads
tolower air permeability. Bivainyte & Mikucionieng®
have established that this phenomenon holdstruefor
fabricsmadeusing the samedesign.

- W Vortex O Airjet

2140
£120
Z100
S 80
60
40 -
L 20

RB1 RB2 RB3 FCl1 FC2

Air permeab

FC3 HC1 HC2 HC3

Type of fabric
Figure2: Fabricair permeability

Thedifference between theair porosity for vortex
and airjet knitted fabricscould indicatethat air porosity
isal so affected by the compactness of theyarns. That
istosay air porosity isnot only dueto air passing though
the spacethat iscreated between theyarnsbut d sothe
spacethat is created between the fibers. The vortex
yarn has been proved to be more compact than the
arjet yarn®, thereforeitisnot surprisingfor theairjet
yarnknitted fabricto exhibit higher air permesgbility. The
ar porosty of theairjet yarnsfabricscould render them
moresuitablefor Stuationswhere higher air permesbil-
ity isneeded. Thereare however other fabric applica-
tionsthat need lessair permeability and thevortex yarn
could thereforebemoresuitable,

To further investigate the air permeability of the
knitted fabrics, the sasmpleswerelaundered and the
effect of the laundering processon air permeability
investigated. Theresultsobtained showed asimilar
trend to the one discussed above. A comparison of
theair permeability resultsfor the samplesbeforelaun-
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dering (BL) and after laundering (AL) showed that
fabricar permeability decreased after laundering. This
could have been caused by fabric shrinkage. There-
fore, laundering procedures are critical when dealing
with knitted fabrics.

TABLE 6: Fabricair permeability

Vortex yarn samples  Airjet yarn samples

Fabric 3 3 3 3
BL (m°/s) AL (m°s) BL (m°s) AL (m°/s)
RB1 136.5 88.6 141.9 98.8
RB2 118.6 51.2 119.4 75.3
RB3 96.6 336 98.2 37.9
FC1 124.8 63.04 128.1 47.4
FC2 95.6 54.9 108.3 30.6
FC3 85.01 30.4 96.7 29.8
HC1 146.2 68.8 148 82.1
HC2 126.9 51.3 135.2 68.4
HC3 84.2 345 115.7 47.7
CONCLUSION

Fabric sampleswereknitted on aflat knitting ma-
chine, using viscoseyarns spun fromvortex and airjet
Spinning systems. During knitting thefabricknit structure
wasvaied athreeleves(Rib, full cardiganand half car-
digan). Thedtitchdendty wasa sovaried a threelevels
(loose, mediumand tight). Thefabric characteristicsin-
dicated that fabricsknitted from vortex yarns showed
superior pillingand aborasi onres sance. Fabricswithlower
stitch density, gavelower pilling resistance, higher air
permegbility and lower abrason resstance. Conddering
loop length and fabric thickness; fabricabrasionress-
tanceimproved astheloop length and fabric thickness
decreased, whileair permegbility decreased astheloop
length and fabric thicknessdecreased.
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