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STUDIES ON BLENDING OF COTTON WITH POLYESTER

Part II. Utiligation of Chemeally Treated Cotton in
Blending with Polyester For better Properties.

BY
A+ Bargheash, A.Hebeiph®, B,DParah & E.M.Rakha

1. INTRODUCTIONS

Over the last 20 years, blending of cotton with polyester
bas oame to cooupy 4 very important position in the textile
induptry allover the world, KReoently, muoh effortis were and
8till are being peid in A.R.E. to mobhleve the best properties
of polyester/cotton blend. Ome wey of ilmproving the stremgtih
properties of the blend is to ilucrease the extension value of
cotton &s much as possible to make it nearer to the extension
value of polyester. In & previous study /l/, it was diasclosed
that slack mercerlzation or partlal carboxymethylation of
cotton fibres lmproves significantly tne extemsion of cotton
without eserfously affecting other strength properties.

The present work ie underteken with & view of studying:

{a) biending of slack mercerized cotton and partielly carbo-
xymethylated cottons with polyenter at different ratios,
(b) relation between fibre properties in the individusel com-
ponentas and in the blends; (c¢) spinning performance of the
blended fibres into yarns having the same count (Ne = 50 =

_ 11.83 tex) under similar processing conditions and, (d) cher-
acterisgtice of blended yernes made from tone chemically treated
cottons and polyester. '
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2.1, Materisle:
2.1.1, Raw Cotton (RC)1

Egyptian cotton fivres (Giza 70) were selected
for this study due to their long length and high fineness
which would prohebly outweigh the shortening of fibre length
end coaraseness of fibre brought about by the chemical treete-
ment.

2.1.2, Alkall treated cotton (AC):

Alkeli treated cotton (AC) was prepared by slack
mercerization of the cotton fibres as described elsewherefl/.

2.,1.3. Partially carboxymethylated cotton with low degree
of substitution (LC).

2.1.4, Partially carboxymethylated cotton with mediwm

degree of substitution (WC).
[ ]

2,1.5, Partially carboxymethylated cotton with nhigh
degree of substitution (HC).

These partislly carboxymethylated cottons were prepared
according to conditions described in details in a previous
communication /1/.

2.1.6. Polyester staple fibres {P) having 1.5 denier,
1.5 inch (38 mm) were used turoughout this investigation,
Bach of the above cotton substrates was blended witn the
polyester to produce three yarns as per the blend ratios
given below:

Cotton 100% T0% 50%
Polyester 0% 30% 50%

Regardless of the pubsirate or the blend ratios used, the
fivers were procepssed go a8 to yield yarns having the same
count and twiat multiplier (Ne = 50 and C‘g = 3.6).
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2,2, Blending Technique:

Blending of cotton with polyester fibres was carried-
out on the carding machine, owing to the ability of thies
machine to breakdown the masteriel into the individual-
fivre state and the complets ramdomizetion of fibres as they
are tremsferred to and from the main cording surfaces /2/.

Blending by weight was oarried-out, by placing the two
sheets of fibre, wihilch were primarily distributed by hand,
in the sendwionh form on the feed plate. The sliver produced
from this maohine was wound sround a small beam, then cut
parallel to the beam axis aend fed lnto the smecond carding
machine in the sheet form. It may be argued thet, theee
two carding pessages are probably too intensive, but innp-
ection of the chemically treated fibres would revesl that
these fibres were adhered together most probably because of
wax removal during caustic soda treatments.

The procempeing paremeters are summarized in Teble (1).
Systems used and machinary employed were described elsewhere

/37,
Table (1) Spin Plan

Input Draft Doudbling Output

Operation count v D count
Hey Ne,

Card (First) 0,0022 100 - 0.22
Card (Second) 0.22 100 100 0.22
Drawing 1lgt pass 0.22 B e 0.22
Drawing 2nd pass 0.22 8 8 0.22
Roving (slubber) 0.22 5 1 1.08
Roving(Intermediate) 1.0B 5 2 2.71
Roving (Finisher) 2.71 5 2 6.77
Ring Spinning 6.77 14.78 2 50
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2.3. Testing:
2.3.1. Pibresa:s
The properties of the fibres alone or on conjuction
with the polyester were meapured according to procedures deg-
cribed in 4.S.T.M. Main fibre properties examined were: Fibre
length, Fibre Fineness ae well as fibre strength and extension,

2.3.2. Yarns:

Properties of the yarns were alaso meapured socor-
ding to A.S.7P.M. procedures. The main yarn properties exam-~
ined were; yarn count and count veriation, yarn twigt, yarn
strength and elongation, skien strength, yarn evenegs, wear
resistance, uending retic and yarn diameter.

3. RESULTS AND DISCUSSION:

3.1. Fibre Bundle strength and strain:

The Pibre bundle strength and strain of the five cotton
subgtrates (HC, LC, WC, HC and AC) alone and in their blends
with polyester were measured and shown in Tables (2 and 3),
and repregented. graphically in the Plgures 1l-5.

The experdmentel results obtained were compared with the
theoritical values obtained by applyling these eguations:

R 1 L 81H1 + B2R2 ...d‘.(l)

ﬂnd R 2 - B2R2 . .ovnon(z)

Rl ¢ Breaking strength of the first component.

R2 s+ Breaking » " " gecond "
31,32 s Proportion by mags of the first and second componentas.
¢ Breaking strein in %.
R 1 Breaking strength in the blend.
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The above two equations were deseribed elswhere /4,5/,
wvhen relations between the main fibre preperties in the blend
and its individual components were derived.

Besed on the relations hetween blending ratio and fibre
bundle strength and strein, it is clear that when the strain
of raw cotton fibres {(Ca.6.5%) is Foirly lower than that of
polyester fibres (Ca. 17.5%), the fibre bundle atrength in
the blends is eubstantially lower than the weighted average
strength., On the other hand, when the strain of modified
cotton fibres 12 inoreased (to 14% for HC) end becumes nearer
to the strain of polyester fibres, tae fidbre bundle strength
in the blends becoms nearer to the weilghted average sirength.

By blending raw cotton with polyester as shown in PFig, 1,
the fibre bundle strength decreases theoreticslly from Ce-
389-wt/tex for 100% RC to the minimum of 29 g-wt/tex at the
criticel blending ratio, B® = 48% C/52% P following the values
of the first rupture polnt, where Bl, C and P repregent blend,
cotton and plyester respectively. As the percentege of poly-
ester increases more B: = 52%, the strength increases follo-
wing the values of tbhe second rupture poilnt. At the blending
ratio 33% C /67% P, the fibre strength in the blend reaches
again the game strength of 100% raw cotton.

By blending modified cotton with polyester as shown in
Figures 2-5, the fibre bundle strength in the bleunds does not
decrease, a8 in the caae of raw cotton, but increases up to
the criticael blending ratios, which are B; = 59.3%, 67.3%,
75.7% and 60% for LC, MC, HC and AC respectively.

The ptrain of blended fibre bundle increases as the per-
centage of polyester increeses. It equalz the strain of the
weaker component (Cotton) provided that tne blended Tibre
bundle strength is following the values of the first rupture
point, and equals the strain of the stronger component(plyester)
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when the blended fibre bundle atrength is following the values
of the second rupture point.

3.2, Properties of Modified Cotton/Polyester Blended Yarns:

Strength and strain of blended yarns from the different
substrates at different dlending ratlos were measured and shown
in Tables 4-6. These results were repregented graphnically in
figurea 6-10 and ocmpared with the theoritioal values obtained
from the followlng equations:

P 1-31?1+32P2 C!lll'(J)
and P 2 =32P2 aaaoo-(4)

These equations were derived by Hamburger /6/ and dig=-
cugsed as relations that can be spplied to predict theoreti-
cally the strength of blended yarn composed of two components
at eny blending ratio.

3.2,1. Blended yarn strength and strain characterstics:

The single-end stirength and gtrain and skein stren-
gth, are illustrated in Tables 4~6 and represented graphically
in figures 6-10.

From the studles carried-out on the effect of different
levels of blends on the properties of modified cotton/polyester
blended yarns, It is evident that, the tenacity of RC/P blen-
ded yarn decreases followlng the values of the first rupture
point., However, the percentege of polyester increases. The
maximum tenacity of 100% KC yarn of (Ne 50) and e © 3.6 at
oritical blending ratio 53.5 C/46.5 P amounts 14.32 g-wt/tex,
and the minimum tenacity amounts to Cn~ 12 p-wi/tex. After
this c¢ritical blending ratioc, the tenacity of RC/P yarns tends
to incresse following the values of the second rupture point
as the percentege of polyester increases more then Bp = 54%,
the tenacity of RC/P yarns starts to more than that of 100%
RC yarm,
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Similerly as concluded for the fibre bundle strength of LRC/P
blenda, when there is a great difference between the strains

of rew cotton and polyester, the tenacity of kC/P blended yarms
iz reasonably lower than tle weighted average tensacity. The
teracity of modified cotton/polyester yarnsg shows the be closer
to the welghted average tenacity.

Tne critical blending ratio of modified cottons/FPolyester
blended yerns (expressed es B;) is 41.28%, 50.2% , 57.25% end
64.83% for LC, AC, MC and HO respectively.

Fi1g.(11) shows the reletion between thne critical blending
ratioc of blended fibres and that of blended yarns. This
relation seems linear: B;; = 0,89 B;f - 3.9 with correletion
coefficient r = 0.87.

The strain of blended yarns follows the same trend as
digcussed previously for the strain of blended fibres.
Pigures 12 and 13 snow the relations between yarn strensth
skein strength and bvlending ratio. It is clenr that tie
tenacity and skein strength (CSP) of 100% 4C yern is higher
tnen tnat of ell 10U% modified cotton yurns. In case of
cotton/polyester blended ysrns, the tenacity and skein stre-
rgth (CSPY of modified cottons/polyester blends are nigher
than that of RC/polyester blended yarns. In otner words,
the tenacity of 50% HC/S0%F increases by 75% of ite value
for 50% RC/50%P yarns, and the CSP of 50% HC/S50%P increeses
by 80% of its velue for 50% RC/50% P and by 60% of its velue
for 50% AC/50% P yarns.

The gtrain of 100% RC yarn is 5.64%; & value whicn is
lower tnan that for all 100% modiflied cotton yarrs (ranging
from 6.2% for LC to 7.4% for HC). The strain of 50% RC/50% P
yarn 1g 6%, which 1s lower than that of all 100% modified
cottons, and their blends with polyester. The strain of 50%
C/50% P blended yarns for modified cottons ranges from 8%
for I¢ to 8.8 for HC, as shown in Pig.(14).
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3.2.2, Specific Work of Rupture:

Although the chemical modification of cotton fibres has
& reasonable effect on the sptrain of 100% cotton yarne, it
does not show any significant difference between the specific
work of rupture of mll 100% cotton yarms spun from the diffe-
rent substrates (ranging from 31 to 36 g-wt lo"z/tez.). except
for 100% LC yarn, which shows & lower specific work of Tupture
(Ca=21.5 g-wt 10"2/tex.) ag shown in Table (7) and Fig.(15).
In cases of 50% C/50% P, this modificetion does show a strong
effect on the mpecific work of rupture of the yarnms.

Tne value for 50% HC/S0% P 1s 160% greater than for 50%
RC/50% P. On the other hand, the specific work of rupture of
50% AC/50% P 1s 80% greater than 50% RC/50% P.

3.2,3. The Wear Hesistance:

The wear resistance of yarns were tested using “wear
tester for ysrns and sewlhng threads®™. The wear resistance of
100% HC yarn decreasmes by 75% of 1ts value for 100% RC and
also decreasses by B5% for 100% AC yarn, The wear resistance
of 50% HC/50% P yarns increases by Ca~160% of its velue for
50% RC/50% P and also increases by Ca-45% for 50% AC/50% P
yarns, as shown in Table (7) and Pig.(18).

CONCLUSIONS:

From the previous discussions and investigations the
following conclusions may be drawn:

1- As the etrain of cotton fibres (weaker component) increases
and becomes nearer to the strain of polyeeter fibres, the
fibre bundle ptrength in the blends becomes nearer to the
welghted average strength.

2- The strain of blended fibre bundle increases aa the per-
centage of polyester Incresases.
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10~

The tenacity of cotton/polyester blended yarns is reason=~
ably lower ihan the weighted aversge tenaolty when there
is a great differenoe hetween the strains of ootton and
polyester.

The tenacity of modified coiton/polyester yarna are oloser
to the weighted average tenaoity.

The relation between the critioal blending ratio of blen-
ded fibres and that of blended yarns seems to be linear,
The breaking strain of blended yesrne follows the same
trends a8 conoluued previously for the strain of blended
fibres.

The tenacity and ekein strength (CSP) of modified cotton/
polyester blends are higher than that of RC/polyester
blended yarms.

The bresking atrain of 100% RC yesrn is lower than that
for all 100% modified cotton yerms, and the bresking
strain of blended yarns incressed ss the percentage of
polyester inoreases, specially in modified cotton/poly-
ester blended ysarns.

Although the wesar registance of cotton yasrns decreases
according to the modification effect, yet the modified
cotton/polyester yarns acquire higher wear repistance
thean 1004 ootton yarn end RC/polyester blended yarns.

The better properties found with the modified cotton/
polyegster compared to nonmodified cotton/polyester yarns
calls for industrial trislg. Besldes the improvement in
th¢ physico-mechanicel properties, the modified cotton/
polyester yarnsg require higher moisture regein and would
not require to be mercerized.
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Tadble (€)1 Theoretienl Reolstions for Caloulating the
Theoretical values of fidre Bundle Strength
(Rg,) in the Blends,

6otton Firat rupture point Second rupture point
- & -

Substrate = ByeRi+ =2=B. R ..( ) RE=B,R,e0(2 )
RE ) = Byehy+ T BoRy E2mBaRy s

R RE = 17,15 BC + 20,79 R, = 56-56 BC
L Rg, = 24466 - 3.55 KC Re, =~ 56-56 BC
MuC RE = 39,29 - 4,96 BC Rg , = 56-56 BC
HO REo = 45405 = 10,9 BC RE | = 56=56 BC

AC RE . = 3544 = 4448 BC R, = 56~56 BC
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Table {3 )¢ Theoretical and Experimental Values of Pibre
Bundle Strength Rg, and Strain g4% in the
Blends,

Cotton 70% ¢/ 50% ¢/ 25% ¢/
subatrate £IOReTLY 100% ¢ 306 P S50 P 15% P 100% F

Thaor 37,84 32,80 28,37 42,0 | 56,0

RC ﬁi,
Exps, 37.94 38,24 40.18 40.52 56,0

¢ Theor, 6446 6,46 64,46 17.4 1744
f% Exp. 6'4-6 6.98 16.2 15'6 1704

- Thecr, 31.11 32,18 32,89 42,0 5640

R
£ Bxp. 31,11 33.67 44.02 46.6 56,0
LC

s 4 Theor, 10.77 10.77 10.77 17.4  17.4
" Exp, 10,77 11.85 15.9 17.65 17.4
ﬁ' Theor. 34 033 35-82 36 Bl 42,0 56.0
. L Exp, 34433 3741 43.56 49.47 5640
- Theor. 12.,21 12.21 12121 17-4 1704

St
Bxp.  12.21 12,64 13,5 1648  17.4
ﬁ 'I‘heor. 34.15 37.42 3908 42 o0 56-0
i L Exp, 34,15 39.48 4981 49.47 5640
£ 5 Theore 14,0 14,0 1450 14,0 1744
Exp‘ 14.0 15,0 15,8 16.9 17114
R Theor. 30.92 32-26 33016 4240 56~0
y T BExp. 30,92 32.93 41.2  47.45 560

&Y% Theor, 11,0 11.0 11.0 17.4 17«4
Exp. 11,0 1l1.85 12.5 174 17.4
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Table {4} Theoreticnl Relntione for Caleulnting
Blended yarn Strength P,

Cotton Firat rupture point Second rupture point
Subetrate % BiR) +sz,_<%)...( 300 Fp By e 4 )

RC 550 = 4.6 BC + 9,72 §&p= 26.17«26,17 BC
Lo §é'¢ = 16.2 = .19 BC Eepn 26,17-26,17 BC
. MC iéc = 18.36 - 7.91 BC 15&;26.17-26.17 BC
HC ?éc = 21,06 -~ 11.64 BC 5&9326.17_26.17 BO
AC if:c = 16.54 - 6,99 BC §Cp=26.17-26.17 BC
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Tabla (5 )t Theoretioal and Experimentcl Values of
Strength P and strain % in the Blends.

yarn

Cotton
Subsgtrate

100% T70% C/ 50%C/

Cotton 30% T

50% P

100%
P

Theoratie
sal
oritical
Blend
ratio

8

DiD.g 4

- Theor.
P

14.32

12,54

12,02

26.17

Exp .

14.32

11.81

11,44

26,17

!-
Bp 46.54

RC

Theor.

%

5«64

5.64

11,8

1l.8

B¥= 53.46

o

Exp.

5.64

5455

6405

11,8

Pig.(6)

« DMheor,
P

7.01

9.77

11.61

26.17

Exp,

7.01

8.77

10,92

26,17

B§= 41,28

LC

Theor,

6.2

6.20

11,8

11.8

Exp.

6.2

7.19

8.0

1l1l.8

>B.72

&
28
i

Fig,( 7 )

MC

Theox .

el |

10 .‘1’ 5

12.82

14.41

26.17

pE: 57,23

Exr.

10.45

11.59

19.18

26.17

Theor.

E%

6.64

6.64

6.64

1l.8

Exp.

6.64

7.28

B.61

11.8

¥ .
p 42.71

Fig.{ §)

HC

Theor,

ot

.42

12.91

15.24

26,17

= 64 -83

Exp.

9.42

14.2

20,26

26;17

The or,

1«4

T4

7.4

11.8

Exp.

7.4

7.81

8.8

11.8

= 35.17

Fig.(9)

AC

Theox,

9.55

11.65

13 005

26.17

B¥. 50.21

Exp v

9.55

10.86

13.1

26,17

R Theor,

6.29

6.29

6.29

11.8

B*= 49,79

Exp,

6.29

8.26

a.78

11.8

Tlg,( 70)
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Teble (6): Experimental values of skein strength (CSP),
Specifie work of rupture and wear resistance.

Tol5

CSP Specific Wear
Tern Iype (Ne. 1b) Rgﬁtgie Rfﬁé?é??ie
(gwt./tex)x
10~

100% RC 2018 34.41 3464
TO% RC/30% P 1829 28.54 4768
50% RC/50% P 1542 32.87 11557
100% LC 729.4 21.41 271
T0% LC/30% P 1324 32.74 6173
50% LC/50% P 1505 46.38 15692
100% MC 1059 36.26 487
70% MC/30% P 1770 41.96 8935
50% NC/50% P 2477 75.60 29650
100% HC 1054 35.65 T74
70% HC/30% P 2203 56 .81 12205
50% HC/50% P 2879 £5.81 30870
100 AC 1342 30,85 4894
70% AC/30% P 1583 47.60 4962
50% AC/50% P 1788 59.23 16765
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