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NEW PARAMETERS FOR ASSESSEMENT OF MATURITY OF
COTTON FIBRES

Dr. A,M.El-Hadidy
Textile Eng. Dept., Faculty of Engineering, Msnsoura Univeristy.
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ABSTRACT- The maturity of rcotton fibres could be assessed by making
use of three new parameters namely mean per cent of absorbed NaOH(18%),
catton fibre compression modulus, and convolution frequency. These
three parameters are obtained when a constant weight of loose cotton
fibre is immersed in 18% NaOH solution for 15 min. at room temperature
and squeezed under a load of 4 Kg for 5 minutes, then weighted. The
compression modulus is obtained when the same sample is sub jected to
compression, while the convolution frequency was measured by aptical
microscapic method. It was found that fibres which are considered
mature show high absorbtion for NaOH, low compresstion modulus and of
high convolution frequency. The opposite holds good for cottons of
low maturiby.

1. INTRODUCTION:

Maturity of cotton fibre is a determining factor in the overall
. quality of cotton. No commercial cotton has ever been found to be 100%
mature. However, in common practice, a normal cotton with a maturity
of 70% is processed efficiently and produces yarns of acceptable qual-
ity. MWhen maturity falls as low as 50% - 60% range, processing dif-
ficulties result, as indicated by increased ends down in spinning,
and decreased produckt quality /1/.
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A number of techniques have been developed for the delerminalion
of maturity of cotton fibres. In one of them, individusl cotton Fib-
res swollen with desolved water on a glass slide and examined under a
microscope. These swollen fibres are classified into eleven groups
as shown in Fig.(1) /2/, or classified into three groups mature, half

matqre, and immature according tal/}/, or classified into two groups
cAs 1N f4/.

Another optical method is based on the birefringence property of
cotton fibres (ASIM Designation D- 1449) /5/., A differential dyeing
technique has been developed by Goldthwit et al./6/ to estimate matu-
rity. The resistance offered to air Flow by a plug of cotton Fibres
has been found to be dependent not only on the fineness but also on
the maturity of the Fibres. This principle was first employed in the
design of the Arealometer /7/, which has been used to eslimate Lhe
maturity ratio. Using Micronair tester the difffrence in Micronair
readings with and without mercerization of cotton fibres has been fo-
un? t? be related to the maturity of the fibre sample (ASTM: D 2480 -
67)/8/.

A number of technigques based on centrifugation after soaking the
fibres in different swelling and nonswelling agents have been used
for the determination of fibre maturity /9/.

It 1s thus seen that all these methods are tedious, subjective,
have rather limited accuracy, or required large samples,

It was, therefore, felt that there is still a need for develop-
ing a simple, fast, and reproducible method for determing the maturity
of cotton fFibre,

2. EXPERIMENTAL DETAILS:

2.1. Materials:

Cotton belonging to different species and having a wide range
of maturity were selected for the study. The ecolten yarieties examin-
ed here are Egyptian cotton that are widely used in the textile indu-
stry in Egypt. Thesercottons are(Giza 45, Giza 75, Giza 74, and Dandra),
In addition to this some Sudanese cottons namely(Gezira 1, Gezira 2,
Barakat 1, Barakst 2, Nuba, 3H, 2 5G, 4 VS and T ICG),were used for
the purpose of comparison. Also Russian (Tushkand —15, and American
(Upland) varieties were also used in the present investigation. The
cottons Fibres were examined in their raw state.

2.2 Test Method:

The per cent maturity values (M) were determined by the sodium
hydroxide method (ASTM: D 1442 - 75 T). The tensile strength at bre-
aking extension (P.I1.)} was determined with Preslly tester at O-inch.
The mean per cent of absorbed NaOH of cotton sample was measured if

the individual readingéftiﬁsﬂ with torsion balance of 0.1 mg accuracy.

In this method cotton fibres of 1 g, are immersed in 18% NgOH so-
lution for 15 min. at room temperature then left hanging for3 min., co-
mpressed between two glass plates under 4 Kg for 5 min., and then wei-
' The pepﬁantsgqg,inqtaaﬁs'inuwaight of the sample is then deter-
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The mean percentage of absorbed NaOH by 1 g of lopse cotton fib-
re could be determinea from the equation

W~
Ae—2 R ocqoox (1)
L.'R
where; W = sample weight after treatment
wg_: sample weight befare treatment.

The compression modulus (C.M.),was measured at twelve pressure
ranging between 0.2 and 104.2 (g/ecm®™) uging the Shirley Thickness
Gauge with the largest foot (Area = 50 cm®) and fibre attachment
as shown in Fig.Z2-a and 2-b.

The compression modulus could be determined according Lo the
equation:
t1 (P2 = P1)

C.M., = aiiew sk 2
1 2

where; t, and t, are loose cotton fibre thickness measured at two
arbitrarly pressure P2 and P1 respectively.

In the present investigstion the (C.M.) was determined from
thickness—presiure curve at the region falls beltween pressures 64.2
and 104.2 g/cm®, which showed a variation in compression modulus.

{ See Fig. 3}

While convolution frequency can be measured by optical micro-
ecopic method as shown in Fig. 4. In preparing test specimens for
examination under the microscope, the method described in ASTM Des-
ignation D 276 -~ 62 1 was used /10/.

3. RESULTS AND DISCUSSION:
3.1 Determination of the Required Number of Samples For Testing:

To determine the suitable number of samples required for tesf-
ing, a trial has been made first using three cotton samples with 1g
weight, then the mean per cent of NaOH absorbed/compression modulus
was measured and analyzed statistically. The procedure of this
determination is given in Ref./11/.

Given in Table [ are the values of mean absorption per cent of NeDM
(18%) by cotton fibres.

Table (I}
lype of Samples X G v P
Cotton 1 2 3 (%) 1% {559 (%)
ays 5.964 3.959 4,015 3.978 0.031 0.8 + 1.9

For 4¥Ss the relative error () was found ta be + 1.9%. This
per cent is less than that given by CSN BD0301 standards (+ 2%).
This means that the number of tested sample is enough.

Given in Table IJ are the values of thickness - pressure of diffe-
rent samples for Up-land (American cotlon fibre).

b e A.L.I;l‘ﬂl‘-t«’l . e
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Fig.1. Shows cottaon fibres are classified according
to its degree of maturity to 11 divisions
after its immersion in distilled water and
microseppic examination.

Fibre 5,0 corresponds to mature.
Fibre 0,0 corresponds to immature /2.,

&

/N0 4 ' <7
3.75 /‘M 7 5 3.75 o
8 cm.
13.5 cm. | 13.5 cm.
(a) £1>{2 (b)

Fig.2. Schematic drawing of compression chamber in Shirley
Thickness Gauge.
a) In case of mature cotton fibres.
b) In case of immature cotton fibres.
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Fig,3. Fibre mass thickness versus pressure.
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Fig.5. NaOH absorption percent versus time of immersion.
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Table(11)

Pressure Samples X G Cc.v.

(g.cm“z) 1 2 3 4 (mm) {mm) (%)
14.2 4.20 5.00 4.60 4.50 #.575 0.330 7.20
24.2 .47 3.80 3.59 3.50 3.590 0.149 4.15
44.2 2.80 2.90 2.85 2.68  2.810 0.094  3.36
64,2 2.%0 2,50 Z2.%0 2.3 2.450 0D.0%5 3.87
84.2 2.25 2,29 2.28 2.10 2.230 0.088 3.96
104.2 2,10 2.10 z2.10 2.00 2,075 a.05a 2.41

For Up-land the relative error (P) wag found to be + 3.B8%. This
per cent is higher than that given in the USN 800301 standards(+ 2%).
This means that the number of tested samples are not enough and sho-
uld be increased. The correct number of cotton¥samples, required
for such relative error (+ 2%) in number of samples, was aobtained
from the statistical charts of TSN 800301 /12/.  This number was
found to be 5. Accordingly this number of sample was used through
out the whole tests.

3.2 Results of Mean Per Cent Abscrption of NaOH;{18%).

The secondary wall of a mature fibre is practically pure cellu-
lose and probably represents about 90% of the fibre weight /13/. 1In
general thick-walled fibres absorbed NaOH more than thin-walled fib-
res during immersion process, and then mean per cent of absorbency
of NalM can be used as a maturity measurementl.

In the present study on a Gizera 2Sudanese cottons six replicate
measurements gave a mesn per cent absorption of NaOH of 22.3% with a
standard deviation of 0.284%, a coefficient of variation of 1.269%,
and a relative error of 1.7%. The effect of time of immersion in
alkali and mean per cent of absorbtion (&) is shown in Fig.(5).

It is seen that maximum absorption takes place in about 20 min.
but immersion time of 15 min., is quite sufficient to give less C.V.%.

Figure (6) shows that as the maturity percentage (M) increases,
the mean percentage of absorbed slkali (A) increases also.

From Fig.(6) it is clear that Far raw cotton, a linear relation-
ship of the form

M a +«bA (3]

fits well the observed data. Regression analyses have given the fol-
lowing values for a and b; b = 0.42, and a = 63.5 for raw cotton with
a correlation coefficient of + 0.79, and highly significant at the 5%
level. '

From Table 111 and according to Spearman’s correlation coefficient(R)
4/,

6 > 42
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Therefore Rl {(between M and A) = 0.867, and

r, (helween I'.1. and & = D,B879.

¢s 8 rlose agreement between the ranking of M and &, and P.[. and
A. It is possible fo test Lhe signiflicance of the value of R in arder
Lo check that the degree af agreement has not arisen purely by chance.
The tes! of sign.' irance is made by valculating a value for t and us-
ing the t Tables.

Then £ = p 0 22 ...... (5)
1 - R

tl (between M and &) =

4.9, and
L, (between P.1. and Alz 5u2.
This value of t is cvompared with the valig of £ corresponding to
n-2 degrees of freedom. The 1 per cent level of t for B degrees pf
freedom is 3.36 and the calculated value of t is 4.9 and 5.2 respec-
tively. One concludes that the degree of agreement between these three
parameters, i.e. M, A, and P.1., is highly significant.

3.3. Results of Compression Modulus: ‘
Given in fable 1y are the values of fibre maturity (M), compession

modulus (C.M.), and fibre bundle eirength (F,1.}. 1t was found that

the ranking correlation coefficient between M and C.M. and between

P.l. snd C.M. are 0.54 and 0.71 respectively. This indicates thal

though there is & correlation between these bthree measurements but

not strong as that found between M and A (see Fig.7).

3.4. Results of Convolution Freguency:

Whern a fibre is viewed through a microscope, the most obvious
characleristic is its geperally flat band structure with corkscrew -
like twisting., These twists are designated as convolutions /15/.
Copvolution generabion is intimately related to internal structure
and secondary-wall thickness. Very thin-walled cottons generally
are lacking 1n convolutions. [t was found, that the canvelution fre-
quency varies hetween 3,414 and 3.244, 3,347 and 2.876, and 2.762 per
mm for Giza 45, Gize 75, Barakat 1, Barakat 2, and Up-land cottons res-
pectively.

A linear regression analysis between the microscopically measur-
ed convolution frequency and per cent maturity was found in the form
of:

Moo= 1.746 0 o+ 24

Given in Table Y,are results of per cent maturity and convolution
frequency, which gives a high ranking correlation coefficient (R =
0.943), which is not unexpected since both measurements describe
the same character of cotton fibre.
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Fig.6. Maturity per cent of'vs" cotton fibres
versus mean per cent of absorbed NaOH

(18%).
M%) T - -0.489
80 o)
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Fig.7. Maturity per cent of "TSfcotﬁon
fibres versus compressability
modulus.
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Table (¥}

Relationship between fibre maturity (M) and convolutian fre-
quency {(n}.

Type of Per cent maturity Conveolution frequency
cotton (M)% (n)

Giza 45 91 3.414

Giza 75 89 3.244

Gizera 1 76 3.185

Barakat 1 Bl 3.3547

Barakat 2 74 2.876

Up-land 72 2.762

3.5, Limitation of These Methods:

The mechanical damage that occurs during girning processing of
cotton, stored periods, microbial damage, and the presence of any
other type of damage, are responsible for the considerable change in
both tested value of mean per cent of absorbed NaOH and compress-
ion modulus. In order to detect the presence of any damage, two
different procedures can be followed:-

1) The per cent maturity (M) can be determined by socdium hydroxide
method as a cheek,

2) Alternatively, convolutions frequency method can be obtained as a
last check.

To obtain the best result from compression modulus method, we
need high pressure to cogpress single lopse coltton fibres, i.e. large
pressure than 104.2 g/cm®. Pressure like that, which we need will
give a straight line in thickness - pressure relationship, and caus-
ed difficulties in calculation of the compression modulus,

4. CONCLUSIONS:

The mean per cent of absorbed alkali test thus appears to be a
convenient and highly reproducible method for determining the matur-
ity of cotton fibre. 1t was found that fibres which are considered
mature show high absorbtion for NaQH and of low compression modulus
and of high convolution frequency, if no damage is present in the
fibre.

A linear relatianship has been found between mean per cent abso-
rbtion NaOH by tested cotton sample and its maturity per cent. The
mean per cent absorption NaOH is highly correlated with fibre maturi-
ty than compression modulus.

The method of determining the maturity of cotton fibres as a
function of mean per cent absorption method is eaiser than that with
compression modulus method.

A positve relationship has been found also between cotton per
cent maturity and convolution frequency.

Convolution frequency method can be used as the best method for
determining cotton fibre maturity but it needs large number of tested
fibres (not less than 2000 fibre according to (CSN B800301).
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