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INFLUENCE OF COTTON WASTE FIBRE PROPERTIES, TWIST MULTIPLLER
AND YARN LINEAR DENSITY ON DPEN-END YARN QUALITY.
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ABSTRACT: The aim of this work is to study the influence of the lolluwi-
ng-parameters: waste fibre properties, twist multiplier and yarn linear
density on open end yarn characteristics. lottan waste Fibres which
extracted from Giza 70, raw cotton "Giza 31" and their blends were Lthe
subject of the experiments. A wide range of yarn count Nm 14 to Nm 34
and twist multiplisrec m 115 to otm 140 was used. The results declared
that, there is & significant correlation hetween fibre paremeters and
oppen-end yarn praperties. The 1ncrease 1n Lwist multiplier and as yarn
becumes (iner does affect the open-end yarn quality.

1. INTRODUCTION:

The guality ol open-end yarn 15 determined by many parameters,
the interactions of which decides whether the final yarn produced will
meet the requirements in the subsequent processing stages. The diffe-
rent paramecters may bo listed ous lollow:

1) Properties of the raw material, such as: Fibre length strength,
Fineness, microdust, overlength fibres snd fibre fragments.

i1} Quality grade of sliver, such as: Sliver unifermity and clean-
lines.

iii} The performance of the spinning instruments "i.e maehine paramet-
ers” such as: Type and r.p.m. of opening roiler, diameter, r.p.m.
and shapa of rotor; twist inserted and winding tension, and;

iv} Environmential effects such as: Temperature and relative humidity.
The new ganeration of rotar spinning machjnes(1) has the capa-
bility of processing wide varlety of craw materials such as:

i- Raw cotton-biending with different types, cotton comber waste
100%, bleng of cobtlon wasle willhh raw collon, cottan waste (rom
bhlowing room , carding and draw frame.



T.2 R. El-Bealy

ii- Blends of man-made Fibres with cotton such as cotton/polyester,
Reyon/cotton and Acrylic/cotton blend.

ii1t- 100% man-msde Fibres such as: Yiscose, Polyester and Acrylie fibres.

In terme ofF how the influence of raw material properties reflect
on the ysrn gquality end on the runing properties: Many studies have beeT2 3,4)
cerried out for predictéﬂ? open end yarn strength from fibre properties., "'
RAMEY, LAWSON end WORLY have studied the relationship between most
Fibre propertiee and open-end and ring spun yern tenacity and they for-
muleted different equations F0E5ygﬁﬁ strength.
Also, Several Research Workers' ' ' ’have studied the effect of twist Fac-
tor on the quality of cotton O.E yarn and compared the results wikh that
obtained for ring spun yarn from the same cotton Fibres. Ibrahim{8) have
studied the influence of Lipear density(gTd twist Factor on O0.E and ring
spun ysrcn characteristics. Other Study shaowed that the influence of
cotton/weste blend ratio and machine aggregatian on 0.E yarn properties.

The present work is rconcerned with the use ol waste fibres in the
production of 0.E yarn on B0 200 Rotor Spinning "in Dakhalia Spinning
Mill". The study tends to show thet how this waste fibres could succe-
ssfully be reprocessed to produce a yorn counl up Lo Nin 34 wilh btwist
Hultiplier up toed m 140 compared with that which could be spun From
raw cotton Fibres. The investigation was carried oubt considering the
following parameters:

i} The effect of waste fibre properties Fihre Strength, fineness and
fibre length {Length at 2.5%, mean length and short fibre %).

i1} The influence of twist multiplier asnd yarn count on open-end yarn
quality.

111) Relationship between the incorporation percentage of waste fibres
in blends and 0,E yarn quality index (Y0IL).

2, EXPERIMENTAL:

The experiments were constructed for studying the characterist-
1cs of open-end yarn dueto:

i) Waste fibre properties:

To investigate the effect of waste Fibre properties and blend
ratio on O.E vyarn quality, the process is designed to use differcnt
types of cotton waste which extracted lrcom Egyptian cotton "UGiza 707,
While Giza 31 "Oendera" was selected lor blends with cotton waste
fibres. Three types of cotton waste "Comber noil, penumalil and car-
ded sliver"” were blended with 100% colton Mhre at five level of
blends. The Construction details of material used is shown in Table(1),

Table (1)
Fibre Material used
Raw Catton Weste Blend Desig-
cotton ;

. Comber Penu- Carded ;
Giza 31 no1l mafil aliver level nation
100 - - - 100C I
50 50 - - 50‘:.«’50“1 L1
35 45 20 - 3SCX65w2 IIl1
20 35 45 - ZDC/ED"J v
0 20 50 30 100 v
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The main fibhre praperties of individual compunenl, cotton waste
and blends were examined according tao ASIM standard. Fibre length cha-
racteristics using Digital Fihrograph, Fibre Tensile properties an pre-
ssely flat bundle tester and Stelometer. fibre fineness in terms of
ug/inch using Shelficid micranaire and fihre cleanlines were measured
by Shirely Analyucr.

11} Twist Multbiplier and Yarn Linear Dengity: -

To invest:igate the effect of twist multiplier and blend composit-
ion on open-end yarn properties 2% samples werc produced, all for the
same yarn count Nm 24, and twist multiplier varies hetween m 11% and

m 140. Alsa, the yarn produced from variety of cotten-waste blends
(100 , 50 /50 ., 35 /&5 ., 20_/80 and 100% w,) while the other mach-
c c w1 c wl C w3 4 .

ine peramekers were kept constant {rotor speed = 34000 r.p.m. and Comb-
ing roller 7500 r.p.m) as given in Table (2).

Table {2)
0.t Twisgt Fibre Material Used Desig-
yarn Factor .
count nalion
Nm (el m) 1 [l 11 Ly ¥
115 X X X X X 101-5)
121 ¥ X X X X 11(1-5)
24(42tex) 127 X X X X X 111(1-5}
123 X b X X X ivi1-5}
139 X X X X X ¥(1-5%1

To 1nvestigate the effect al upen-end yarn linear density an the
final yarn characteristics, 2% samples were produced. All for the same
twist multiplier o&m 127. The yarn count varies between 14 Nm and 34Nm,
each produced from five level of rotton-waste blends, while the other
psrameters were kept constant as illustrated in Table (3).

The blends were processed through blowing room {bale-opener,
step cleaner, XL Rando, chut feeding), tandem carding machine, Zinser
drawing frame (Model 720), and finally open-end machine (BD 200 R ).
For all cotton-waste hlends the machine paramcters were kept constant
Ehrough the pruduclion ol yarosb.

All of open-end varns listed above, 1n Tables (2} and (3}, were
examined according to ASTM standard to determine the following para-
meters:

Tensile properties on USTER TEMSOMAT tesler, yarm irreqgularity and
imperfections by USTER Evenness tester, twist on Zweigle twist meter
and yarn count on USTER Autosorter.

3. RESULTS AND DISCUSSIONS:
3.1, Effect of Waste Fibre Properties on 0.E. Spun yarn Quality:

The characteristics of varivus components; raw cotton Fibre
"Giza 31" and cotton waste “comber noil, penumafil and card sliver”
which extracted from Gira 70 are shown tn Table (4). Also, the msin

properties for material wused (50 /50 ., 2D /80 and 100 , ! are given
in Table (4). ¢ T Twe e w3 wh
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lable {3}

0.t Twist Fibre Materisl Used Deaig-
yarn Factaor nation
count
(Nm) (a-t.m) I i 111 v v
14(72 tex) % X b X X i{1-5)
20{50 tex) X X X X X ii(1-5)
24{42 tex) 127 X X X X X iiit1-5)
27(37 tex) X X X X X iv(1-5)
34(30 tex) X X X X X vi1-5)

The curves, in Fig.{(1.1), shows the 1nfluence of subseguent pro-
cess; blowing room, carding machine antl drawing frame on the mean fihre
length. It can be ovbserved Lhat, mcan (i1bre length (mm} for all hlends
increases due to the eclion of processing from raw materal until draw-
ing Sliver. On the othec hand, the curves 1n figure (1.2} shows Shir-
ley nen-lint canlenl (%) fnar all wateripl uned. The sample werp oxnm-
ined picked up Trom raw malerial (MM}, turlts f'com chul teed (10}, {ar-
ded Sliver (CS) and drawing sliver (05). It is obvious that, the trash
cantent is gradually decreases from raw material to drawing sliver.
Also, 1t can be nnted that, a littie amount of trashes wilh cobtton waste
and blends compared wilh 100% cotten !ibre.

Teble (4" Fibre properties

Fibre Material used

1bre property Cotton Waste Raw Cotton-Waste blenda*
cotton
Comber Penu- Card "L 5DC JSC ZDC 0
noil malfil sliver EUHI ﬁﬁwz Bﬂwj 1UDHQ

1} Fibre length:

Length at 2.5% 24.5  32.5 35.5 3.5 30.00 30.50 31.50 33.50

at 50% 2.9 18.2 19.3 14.5 13.9% 14,50 15,00 16.7%

UniTormity ratiu 40,4 5o.8 b4.% 46.0 a6 Ml 47,460 47,600 w00

Mean Length{mm} 6.0 28.7 3z. 2%.2  24.10 25.20 26.20 29.70

Short fibre £ " 25.7 6.9 2.5 13.7 14,20 12.39 11.35 5.50
2) Fibre Strength:

Preseely lndex 8.64 10.65 9.97 B.63 9.27 9.05 10.20 10.44

Fibre tenacity{g/tex) 21.50 32.70 31,20 256.00 24.60 27.70 31.70 3.50

Elongation E% 6.50 5.70 5.90 7.50 6,70 6.10 5.50 5.70
3} Fibre Fineness ‘%EEF 3.45  3.90 3.65 3.75 3.55 345 3.85 3.75
4) fibre cleanlinez

Good Fibre % 98.40 99.80 99.30 96.4 96.60 98.00 96.60 98.50

non-lint % 1.60 0.20 0.%0 3.6 3.0 0 1.9%  1.20 1.10

Dust % 1.00 0.18 .15 1.8 2.00 1.23 0.89 a.33

Invizible Waste % 0.60 .02 0.35 1.8 1.40 0,72 0.3 0.77

* tufta picked up befor leeding to carding m/C.
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Correlalion analyyis betweeo (ibro pruperbles and opon-end spun

yarm characteristics:-

To explain the relationship between waste fibre properties and

the finmal yarn properties, the amalysis of correlstion

ig applied to

the results of experiments in groups bascd oo lwinly (ive obsorvations.

The statistical analysis was done by computer Apple I

to form a multa-~

ple regression analysis for a dependent variables "yarn tenacity (g /
tex) and yarn irregularity (C.¥%)" and two sets of independent variai-

les. The first group of fibre parameters include X
Xy (mean length), ¥,{short Fibre)} and X_{fibre Ffine

Table (5). While tﬁe second group of parameters
re length characteristics, X,: Length at 2.5%, X
and K3: Short fibre % as glv%h in Tabie (6}.

3!

{fibre strengtb},
ss) as shown 1n

is concerned wikth fib-
mean fibre length

Table (5) Correlation analysis between Waste libre properties and 0.C

yarn quality.

0.E Spun yarn Characteristics

Fibre properties

Yarn tenacily

Yarn reqularcily

{y /Llex) (C.v%)
{i) Simple correlation coafficients
Cibre Streniagih (g Alox): (l']zl 0.026 n.717
Fibre length in mm : (r1j) 0.814 0,73
Short fibre % (rja} -0.7%742 -0.657
Fibre Finenessipg/inch} : (r1b) D.648 0.479
{11} Partial correlatiun coelFicients {1st order)

Fibre Strength at shnrt fibre = L‘cmst.(r]2 ﬂ) 0.556 0.384

at micronaire = Const, (r12‘5) 0.673 0.623
Fibre lenglh at short libre = Const. (E1J'a) 0.592 0.51%

at micronaire = Const. (r13',) 0.677 0.629
Short fibre at micronaire = Const. (r1a';) -0.621 -0.543
Micronaire at short Fibre = Canst. (r15'a) 0.45% 0.212
{2Znd order)

Fibre Strength at short fibres and (rT2 as} D.425 0.5%8

micronaire const :
Fibre length at short fibres and (rT} aS) 0.425 0.558

micronaire const '

{i1i) Multiple carrelalion coefficienls
Fibre Strength, fibre length and Short(H1 e, ) 0,778 0.791
. L2340
fibres
Fibre Length, short fibres and micronaire
(Rl.}ﬂﬁj 0.737 0.7
tibre Sleeogth: The analysin wies made s shiowe Prthlee %) -

dicate the effect of waste Filbire tenacily (gi/tex.

on Open-end yarn

Strength. In general the correlation coefficients shows a direct ral-
ation between fibre strength and the resultant yarn strength (R.K.H)
in a cotton-weste blended yarn Nm 24, with twist mulliplier (=tm} of

115 and 127.
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The eimple corrcelation between yarn strength and X,: fibre tenacity is
equal to r = 0.83 which is highly signifiecant. Alao, the partisl cor-
relation Tio 4 at In {Short fibres % = Coenst), Cyo at X, {(micronaire
conskt) are Eﬁual Lo 0.55%6 and 0.673 while the secuha ordér rogefficients

are low = 0.43 and ngl significant,

Fibre fineness: The resulta show the correlstion coelfircients bet-
ween [ibre fineness and O.E spun yarn irregularity { 0.5) and 0.65
for yarn tenacity. The influence of fibre fineness in terms of number
of Fibres per cross-section on yarn quality is shown in figuce (1.5}.
The improvement 1in yarn strength or the reduction in yarn irregularity
is determined by the number of individual fibres in the yarn crosg-
section. The curves show for the same fibre Fineness and conebtant tw-~
ist multiplier imparted to the yarn,as the ysrn becomes fiocer the 0.E
yarn tenacity Falls and the jirregularity rises.

Table (6} Correlation analysis between fibre length charecteristics
and 0.C spun yarn guality.

0.E spun varn characteristics

Fibre length cheracteristics

Yarn Yarn
Tenacity irregularity
{g/tex) (C.v%)
{i) Simple correlation coefFicients
Length at 2.5% : ([‘12) 0.671 0.775
Mean Length (mm: (c,3) 0.641 0.745
Short fibre % H (r1a) =0.59% -0.6%7
(i1} Partial correlation coeffiecients (1st order:
Length at 2.5% and Mean length = Const. (rT2 3_) 0.283 0.341
and Short Fibre = Const. (r]z'a} 0.39% 0.484
Mean.length at Short Fibre = Const.: (r13'4} 0.397 0.482
{iii} Multiple correlation coefficients
Length at 2.5%, Hean length and shart fibretR ) 0.46746 0.777

1.234

Fibre length: The 1nflfluence ol mean fibre length on yarn tenacity
at differant twist mult:iplier {(® m) is shown in Figure {1.3). Also,
the analyeis of correlation is summerized in Tables (5) and {&). From
which itispossible to discuss the influence of mean length,length at
2.5% 8nd short fibre % on Open-end yarn Lenacily and irrcqularity.

The correlation between yarn strength and mean Fibre length,

P13 T304
at xa = Canat. and Lq3 Sst XS = Const. are significant at 99% 1@»&1. )

The Same trend has been observed with yarn irreqgularity, in which Lhe
correlstien varies between 0.% snd 0.73. Length at 2.5% has a signifi-
cant effect on uster C.¥% and strength. On the other hand, the results
indicate the effect of shaort Fibre % in cotton-wuste blends on open-
end yarn quality. The increase of short fibres % in Sliver fed to D.E
Spirning machine resulted in e lower yacrn Strength, as shown in Figure
{(1.4), and incresses yarn irregularity.
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3.2. Effect of Twist Multiplier on Open-£nd yarn quaelity:

The relationship between Ltwist multiplier with Varying cotton-Waste
blends and open-end spun yarn characteristics are shown in Figures (2.1},
(2.2) and (2.3}, Faigure (2.1) show the offecl af twist multiplier on0.¥
yarn tenacity. The curves indicale that, Lhe 1ncrease of twiglt (rome< m
117 to =< m 140 lesd to an increase of yarn strength. Ffor mix 20 /BD"]
and 100% w, a higher strength or closer to those for 100% cotton, Ghill
alower strength has been observed for mix EDC/SDw1 and SSC/GS"Z.

The influence nf twist on U.E yarn elongation is shown in Figure
12.2). The curves indicete that an increase in yarn elongation due to
the increase in twist level. Also, it can be noted thet, the higher
extenaion is particulerly prominent with cotton yacn than those for ble-
nds.

From Figure {2.3), 1t is evident that from the experimental res-
ults, there is no 1nfluence on the Uster C.¥% when the twist wvaried -
between =« m 115 and =< m 140.

3.3. EFffect of Yarn Linear Deneity on 0.£ ysrn Properties:

The effect of yarn count and type of material used on the tensi le
properties of U.€ spun yarn is given in Figures (3.1) and (3.2). From
Fig. (3.1), open-end yarn tenacity vacies from one group to annther.
Ahigher strength values has been gbserved 1n case of 100% cotton yarn
and graduslly decreases 8s the proportion of waste fibres increases in
blends {50 _/50 and 35 /6% ,). On the other hand Z0 /B0 and 100
resulted ifi acfoser or Righgr value than Far 100% cotfon." Also witn?n
each group a substantial decrease in yern tensacity as yarn becomes
Finer.

It is evident that from the experimental velues illustrated in
Figure (3.2), the yarn count, when varied between Nm14 and Nm 34 has
a significent effect on open-end yarn extension, Also, the curves shows
ahigher extension values for 100% cobtbtnn yarn than with all cotton-wasse
blends.

Figure (3.3) shows the effect of yarn count with varying the cot-
ton-waste blends on irreqularity of open-end yarns. As would be expec-
ted better yarn regularity occurs with 100% cotton yarn than with all
caotton-weste blends. AL (he samc time walhin cach group the irregular-
ity increases as varn becomes finer.

3.4, E£ffect of Waste Composition on Open-End Yarn Quelity Index (YQI1):

The experimental results obtained for yacrn tenacity, breaking
extensiun and yarn irregulgrily, in Lhe previuvus scclions, were used
for calculation the yarn-quality index;

Yarn tenacity {g /tex) . breaking elongation (%)

YQ!
Yarn irregularity (C.v¥%)

The curves Tor open-end yarn-quality index are illustrated in figures
14.1) Bnd (4.2}, 1t can be seen that, the yarn-quality index decreases
with the increase in yarn cogunt from Nm 14 to Nm 34, This is in aqre-
ement with the earlier Studies{!0), AL the same time, for Lhe same
yarn count, the incresase in twist multaplier bring about change in YOI,
which is lower than that obtained for yarn count.
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The curves indicale ¢learly the effect ol blend levels on yarn
quality index. It can be seen that, a better 0.€ yarn-quality index,
ranged between 4 and 12, ocourg wikth blend levels between 100% cottaon
and 35 /45 . At the same time, the yarn quality index for 100% cottaon
15 higher ¥han those for all cotton-waste hlends.

4. CONCLUSIONS:

The experimental resulta of production open-end yarn from cotton-
waste blends demonstrate clearly that;

1) The Fibre properties fibre strength, fibre fineness, Ffibre
length and Short fibre %" influepnces significantly on open-end yarn
tharacteristics:

- Alonger mean fibre length for waste libres resulted in a lower rate
of irregularily and higher skrengthes of apen-end yarn.

- The presence uf higher percentage of shart fibres tends to reduce
yarn strength and increases oster C.¥% of open-end varn.

- A lagwer micronalre value of blend comprnnents tends to improve the
yarn regularity and gives a bebtter yarn tensile propertiea.

- The results shaws a direct relation between fibre tenacity and the
resultent yarn strength 1n cottaon-wasle blends.

2) The retatlonships established by mullaiple correlation analvsis
between apen-end yarn characteristics and fibre parameters have shawn
that the Fibre properties "length, % sheort fibres, strength end micro-
naire” have a strong cffect on open-end yarn tenacity and yarn irregu-
larity. The multiple correlation coefficirent for yarn tenacaty 0.77
and 0.8 for yarn irregularity.

3) fwist multiplier velues lrome<m 11% tg o< m 140) has a consider
able effect an open-end yarn tenacity and yarn extension. While the
increase in twist level does not show markedly veriation with yarn irr
egularity.

4} For all cotton-waste blends, a significant reducktion in open-
end yarn ktenacity and elongation has been found when yarn hbecomes fin-
er. While an increese in (pen-end yarn irreqularity is proporticnal to
tbe increase of yarn count from ¥m 14 to Nm 34.

%) In terms of open-end yarn-quality index, the results i1ndicate
that:

- Cotton-waste Fibre blends can be spun satisfectory on BD 200 Rcgand
producing yarn gcounkt up to Nm 4.

- Blends containing waste fibre ratioc higher than 65% Waste show a
loWer yarn guality index.

- A lower ratio of waste fibres is recommended for blend wikth cotton
fibres to achieve a better 0.E yarn quality index.
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