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OPTIMIZATION OF BLEND RATIO AND TWIST MULTIPLIER
FOR POLYESTER/COTTON SHIRT FABRICS
PART I: PHYSICAL PROPERTICS OF PRODUCED FABRICS

By
H.A.ABO-TALEB, M.N.EL-CAIAR, A.£L-HADIDY and A.SHAHIN

A study of the effects of the polyester ratio and twisl
multiplier on physical preperties ( heat-loss index, air
permeability and wickability) in telation to clathing qualily
is reported. For polyester ratio ranging from 33% to &7%
and twist factore (&e) between 3.2 and 4.2, it was found that
the hest possible cloth quality can be obtained in an aoptimum
region that goes from 50% polyester ratig and more highly
twisted yarns to 60% polyester and 3.9 twist multiplier.
optimum values of polyester ratio and twist multiplier of
weft yarns were 58% and 4.2 &g respectively to obtain a
good shirt fabric for wear,

The

1. INTRODUCTION

The previcus work has served to show that there are several
ways in which heat and mcisture can pass through fabrics in
a clothing environment. For example, sorption, diffusion,
evaporation, condensation and wicking of water through fibre
as:anglian all have their own associated heat transport mech-
anismi,

Cotton/polyester blended shirt fabrics have many advan-
tages comparing with 100% cotton or polyester, therefore make
blended fabrics more acceptable. As a result, shirt fabrics
of several polyester ratios, foc example, have become very
common for everydasy wear. Both polyester ratio in blend
with cotton and twist multiplier of weft ring spun yarns
affect to o great extent the physical properties of the blen-
ded fabrics.

The object of the work described in this paper was te
determine the optimum polyester ratio and twist multiplier
of weft ring spun yarns to obtain the heighest quality of the
produced blended fabrics.

The basic properties of fabrics alfecting the cloth
quality are numerous. However, 1t was Lhought Lhat Lhe mest
important of which to be worthwhile studying are heat-loss
index, air permeability and wickabilily.
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The besic properties for assessing clolhing comfort were
thersal resistance, alr perssability, wickgbility, wiler wapour
pernanbllity, webtbtability and stiffnens.

2, FABAICS PRODUCED AND EXTER IMENTAL PLAM

A polyester/catton sahict Febric of mass 17 QIHI BAATET.
{ptain weave) with the fellowing constructiona] details wan

uned En all experiments:

warp warns! (90P/50 C) of 20 taem, twist multiplier (%) a.2;

waft wyarne: oontaln polysskmr ruéia ranging From 33§ to &7%
and Lwlst Fectors (% g) beotwaen 3.0 and 8.7 of

13 tex)
throad spacing! 3O enda/om, 26 pleka/em;
After hninitinqurid an & Jig, tha fabric waa dried over o heat

set at 183

The Ilﬂlll!lﬂtl wate plonned as erbhogonsl plan of twe
varisblie deslgns. Tha warinbles rars X1, gnlyn:t:r ratio in
waFt yarns and X1, the twist sultiplier (Ao} of weft yarns,
The levals of thae weclables are set out din Table 1.

Tahle 1

Lewels of Yariables

Loval -1 e} 'Y intarval
Vnrishl

£l pelyestiar rativ |33 50 &7 i
%2, teint multlpliar|d.7 3.7 8.1 0.%

3. HETHODS GF FABRIC TCSTING

[he Fabrica produced were tested tn detecming the nont
impoetant paramebers: heab-loss index, air permesbility and

wlckabiliby,

3.1 Heat-lons [ndex Test

The beat=loss indes of the Fabrics were measursd by the
apputatius anown in Fig. 1 designed by the Firsk suthor.
This nmpperatus conaists of 8 capper oylinder (2) (4.60 em tn
disneter and 100 em in lengih) with an laner heal Sdurce made
af s nikel chrome wife hetiter f8) of 1B oha resistance.
The Lemperature of Soth cylinder end Fabric murfaces was
determined Dy two copper Ennntantan Lhersocsulces (&, 5)
attached to the eylinder and Ffabric surfaces sround middle,
By wsing 3 temperatewre recorder. Tae inaer heat source was
Insulated by beedn of china (7) and laid inko an aluminium
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Stabilizor
power supply
Fig.l

Schomatic diagra=m showing comstructional
datailo ¢f the apparatus

tube (6), where Lhe gap in between the two tubes was Ffilled
with dry sond (3) in order to distribute regularly the hect
along the perineter of the cylinder. The cylinder sides weare
Firmly closed by twa Teflon disks (9,10) to decrease heat
loss through the cylinder sides. The {nsuluted heater was
connected to on electrical slabilized power supply which can
control pruputlr thn cylinder surface temperoture in a range
of 36.5°C to 37.5°C by means of changing the circuit input
volbtage, The power consumed which compennate heel-losses
from both the cylinder and fabric (1) wos mpssured by means
of an ordinary wattmeter. Therefore, thermal conductivity
could be celculated and five tests were carried out ip each
case and the averoge value is obtained. Fabric heat-lass
index which is defined as the ratio of fabric thickness Lo
Jts thermal conductivity could be obtained from the experi-

mental resulta.
3.2 Air-permeability Test

The Shirley Alr Permeability Tester woo used at a 10 mm

For samples with bhigh parmeability, seversl

pressure dcop.
the

loyars were tested ond Lhe reading wes nmultiplied by
number of layers.

3.3 Wickability Test
The wick-up mnthod for testing strips of fabric, 25 cm
long ond 1 em wide, cut in warpwise directicn wos used. A
coloursd distfllated weter solution was used 80 thal the water
level moy be seen clearly. The helghts to which the liguid
rises for 30 minutes are observad and the results plottec.
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lests sre made under standard conditinns (65% r.h. ¥ 2%
#nd 20°C « 2), the fabric having previously been stored far
st lesst Z&4 hr in Lhe atmosphere of the laoboretary.

&. RESULTS AND ANALYSIS

IThe results obtained are ahaown in Table 11, They were
nrutllsEd on calculater FX-120 by using the methed of Prof.
salvenl®, which supplied the regreanlon equations of the
response surfaces, an analysis of variance, and other stallast-
ical and the corresponding plots of contours of constant
response, which are included here as shown in Fig, 2 ( heat-
loss index),fig. 5 (air permeability) and Fig. 8 (wickmbility).

The regression equations for the response surfaces can be
represented by the following mathematical model

- z 2

V= bp+0y Xy + hzlz+b1111 +b12 Xl lz + h?t X 2

Given in Table LIl the methematical models of the response
surfoces for the verious Fabric properties and the values of
Fisher's criterin. The Feal-values indicated thmk these
equations ctuld be used setisfactorily to deactibs the relo-
tionships and the predication of these properties from the
variables X1 and X2,

From Table 1I, it was Found that the experlmental error
in the centre of the scheme is low for all parameters, Lhe
corcelation coefficients between the mathematical model and
the experimental valves are Fairly high (0.70 for heat-
Inna index, 0.97 for air permesbility and D.82 for wickabilitv).
With the exception of the heat-loss index, for which the
correlation coefficlient is somewhati low, the parameters show
a good fFit. [t therefore seems to be useful to obtain the
plot of the response surfaces.

5, DIsCuUSSION

9.1 Heat-loss Index

An oplimum zone i35 observed st the «1, -1 levels of poly=-
eater ratiop and twist multiplier 4.2. The trend of the
response surfoce scems to suggest that the optimum polyester
ratio to obtain the haighest fabric heat-loss index with
Lhe largest twist is 335 or 675 polyester blend. It is inter-
gsting to know that mt the zero level of polyester ratio
(ainimum haat-loss index), the fabric density ettained e
moximun. This is in agreesent with the general understanding
that as the amount of air entrapped within the fabric decreasss,
the heat-loss index decresses. At any polyester ratio any
inerease in twist multiplier Increnses the (abric heat-
loss index more markedly aa shown in Fig. 2. From the data
of Table 11, the polyester ratio and twist multiplier vis

e ——— B e — — - .
— » ———— — — —— . A — e it e il 2. -
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heat-loss 1ndex curves were drawn in Figs, 3 and 4 respec-
tively, as can be seen the higher heat-loss index correapends
to Lhe higher Etwist for both 33% and 67% polyester ratio.

This phenomencn seems to be explained by the increase in
entrapped air, which occurs @s a result of increasing Ewist

myultiplier.

Symmetrical results obtained in both sides of the minimum
value of hest-loss 1index may be due to the resulting yarh
hairiness and Fabric density. The net effect of the greater
fabrie density znd the smaller yern hairiness is a more closly
packed Fabric structure, consegquently lower fabrie hsat-
loss index mzy be expected.

5.2 Air Permeability

As can be ohkaerved from Fig.3, for any value of twist
multiplier, the influence of polyester ratio on oir permeability
is wery small, in otherwards, fabric air permeability ig wppr-
pximately andependent on the polyester ratlo of welt yagne
as shown in Fig.&6. Flg. 6 shawa the relacionship between
polyester ratio and fabric sir permeability. The curve shows
a minimum velue for the J3% polyester ratio, and & maximum
value for the 675 polyester. This is in a greement with the
foclk that as the parcentage of cottan fibre decrroses the
fFrictlonsl resistance to air flow decreases, The maximum
volue attained at J3% cotton fabric may be due to the smaller
fabric thickness, the open yarn gstructure and the smaller
fabric density.

A twist multiplier of Filling threods ipcreases, the
increase of air permeability becomes more apparent as shawn
in Fig. 7, such tnat, when polyester rotioc increaces, an
increase in 2ir permeability becomes evident. Therafore,
the optimum values Ffor air-permeability correspond to botn
nigh polyester ratio and high twist multiplier (within the
experimental Filed). The influence of the polyester ratio
on air-permeability may be explained by the higher degree of
structure opening that is achieved a8t higher twist multipliers.
On the pther hand, it is confirmed by the present resulls thot
the yern twist influences air permesbility as was found

parlierd,

5.3 Wickability

The wickingeup is influenced by either polyester valLio
or twist multiplier. A maximum volue of wickability 1is
experimently observed for wvalues of the polyester raltio c¢lase
to 50% and for kwiat multiplier 3.7 as shown in Fin.8. From
the data of Table 11, the relationghip bebween wickability
and hoth polyester ratio and tw:st multiplier were drawn as
shown in figs. 2,10, that is to sav, thereis an optimum value




“AITTENS FUIYIOl uo IBTTETIINE 2mixy pe oyara
4oysak1ed yI0q 3O 339573 OYI 201 W8ILjans saucdsal 9y JO WOTIZew ECad xaydng sug

T2
_ I
3 M _.“ # _......._r..._.l..__
-_ — -.‘h
HIAT
LT TR ———— x| L ;
nu-n.ﬂ_uov\ﬁlo ‘RaTreessad Ity — . i
an‘axhumv: Xppuy sWol-lmay T = ] il . [
[ |
- i
LTI A pue LATTIqeR e pae 073wl Ly pImeNdTa 2oF
ZeTiLrTnn u-ﬁ“ un._..mnu-p drysuoiieToy dejzaited usanyey diysuotywyon ooucdesd JUEIOUOD JO EInoquol
O a1 ﬁ.-_u: o s
" (SR T LT (L) oy aegvelyey e
|

2
-
C
-

. ‘o Y " 2 ) -...m : .ﬁ/ /
ZIEW/R

.

1=8) LiTiMrsaia

T. 6] Abo-Taleb, Ei-Gaiar, El-Hadidy and Shabm




Mansoura Bulletin, Vol. 11, Neo. 2, December 1936 T

corresponding to 5B% polyeater ratio and iwist sulliplier of
about 3.7 to cbtain the best value of wickwbility. This
is may be mainly due to Lthe lower Fabrie density.

Optimization ¢f the studiec faclers to obtain the best
values of the three basic parsneters could be mchived by
doublicating the graphwe “'lzl. 2,%,8) of the response surfaoces
Logether as shown in Fig. 1.

fq F4g.11, if the value of hest-loss index was equal to
20« 107 (M ‘C;f!il!llﬂﬂ upyard snd air pereeability was larger
than 110 cm?. cm Sec and wickapllity wam egunl te 2.7cm
snd uwpward, then the optimum factors would bp Tound in the
optimunm zone specially in polnt 5, which {(X1=58% 7 and

$2=4_.2 ®e) will achicve the bast comfact for the husan body.

6. CORCLUSIDN

The study reperted an the present paper »ith respect Ro
both the polyester ratio snd twist multiplicr, lad to the
datermination of the values of these variablen that peemit
the highest posoible clothing cualily te be attained.

Thug, in the present poper, it could be deduced thot
the ophimum polyester retio and twist multiplicr for peolyester
cotton shirt fabrics are 585 amd 4.7 rospectively, Theoe
eptimum Factocs sre very importent For demlgning 8 new
good phirt fabric woven from cotten/poalyester yarn,
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