Mansoura Engineering Journal [ MEJ ), Vol. 19, No. 2, June, 1994
EFFECT OF FIBER TYPE, YARN PROPERTIES
AND FABRIC STRUCTURE ON COLOUR MEASUREMENTS

BY
Abdel Latif Ei-Hoseiny
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Abstract:

Three types of cotton fibers were used in producing a wide range of yamns. Count, twist
factor, spinning parameters was varied at different levels. Twenty two plain and twill fabrics
were produced from these yarns. All fabrics were dyed under the same conditions with Ciba
reactive dye Blue-3G.E. The effect of fiber, yam and fabric variables on colour measurements
was investigated. Hue, Chroma, Lightness, Colour Strength and colour depth was measured. It
was found that cotton type, spinning process, count, twist multiplier and fabric structure affect
significantly colour measurements.

Introduction:

Cotton fibers are subjected to severe conditions during growing, varation in
temperature humidity and soil type affect fiber properties. Harvesting and ginning accompanied
always with mechanical stresses on fibers. At spinning mill, no way, to avoid different
compound stresses on fibers. Preparation for weaving and weaving itself apply abnormal
additional stresses on fibers. Dyeing process, apply special chemical stresses due to chemical
additives, temperature, constitute of dye stuff. The previous history of yarns differs due to the
machine aggregate used in spinning and weaving. Dyeing fabrics at definite colour shades
under such conditions becomes really difficult. Any serious deviation in colour shade depredate
the value of the fabric and lead to big losses . The effect of these variables on color
measurements is of great importance to obtain continuously uniform color shade.
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The colour is defined by three numbers X, Y, Z which are known as tristimulus values. These
values do not correlate well to colour order systems / 1 /. These quantities can, however, be
converted into the new ones called psychometric terms, which give visually approximately
uniform spacing, and are suitable for both quantitative and qualitative description of colour. A
family of such transformed systems are called the " LAB " scales. The best known example
being the Hunter "LLA,B" , the Adam's -Nickerson " ANLAB" and the most recently " CIE
L",A*,B* " systems. In all LAB systems " L “ means the lightness ranging from 0 - 100 ( O for the
black and 100 for the white), " a " the red - green axis (+ for red and - for green }, and " b " the
vellow - blue axis ( + for yellow and - for blue). Based on guiding principle of equal visual
perception of small color differences, the Munsell system /2 /is both a collection of samples
painted to represent equal intervals of visual perception of color difference between adjacent
samples, and a system for describing all possible colors in terms of its three coordinates ,
Munsell Hue, Munshel Value "Lightness” and Munsell Chroma. These coordinates corresponds
to three variables commonly used to describe color.

AL’ =L i — L'smeie = Psychmetriccolourdifferencein Lightness
AC" =C” unpie — C” mibsre = Psychmetriccolour differencein Chroma
AH" = (E? - 17 - C*)"? = Psychmetriccolourdifferencein Hue
AE® = (AL’ + AC? + AH*)"? = PsychmetricTotal colour difference

+AL* = Lighter ~AL=* = Darker
+ ACes = Brighter -A C* = Duller
colour direction clockwise is - A H, and anti clockwise is + AH

One of the pioneer works of this field is the national project “ The behavior of Egyptian
cotton” /3/, worked out by the National Research Institute and Alexandria University, where
they have investigated the spin ability of Egyptian cotton fibers, moreover the behavior of
cotton fibers due to mercerizing. Few of effort have been inserted to investigate the dye ability
of the Egyptian fibers. Another work " Improvement of dye absorption "/ 4 / carried out by
Mansoura University and Naticnal Research Institute. The work investigated the effect of
storage time and the effect of the pH factor on the k/s. The dyeing procedure for different
fabrics by different dye stuff is optimized.

Experimental part:

Experi t a r fabric production:

The experimental plan have considered:

1- Row material " Giza 81 , Giza 75 and dandara”

2- Different yamn production systems * Ring Spinning and Open End Spinning"
3- Different spinning preperation " Carding and combing preperation”

4- Different yamn counts " Ne. 14 - 40" and twist factor " 3.6 - 4.4 "

5- Different fabric design " twill and plain weave"
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Row cofton fibers:

Table (1) shows the types of cotton used " Giza 81, Giza 75 and Dandara *. Giza 75 is
the most popular type of cotton used in Egypt ( about 50% of all cotton production). /5/,
Dandara is considered the low ranked Egyptian cotton quality. While Giza 81 lies between this
two qualities as given in table (1).
Table (1), The main properties the used fibers.

Fber strength Fiber length Fiber & Maturity Colour
Pressley Stelometer Fibrograph FIM-T HVI
Varlety |0 Gauge| 1/8 gauge | Elongation | 2.5%SL | 50% |Unifor| Mic. |Milit| Mat | Reflecta | Yellow
g/Tex. SL | mity | reading | ex | unly | nce ness
ratio RM

G75 11 29.3 6.4 31.5 | 164 | 52.2 42 |158| %0 75 93

Get 97 26.8 8 299 | 144 | 493 | 39 |148| 95 71 a9
-BMM 9.4 25.8 6.2 29.2 | 137 | 48 35 (143 78 | 636 12.2

ecifications:
Table (2 ) shows the main parameters of yam and fabric produced. 22 different fabrics
were produced from different yams, varying in count, twist multiplier and preparation method ,
combed or carded. The fabric design was twill and plain weave. The fabrics were produced on
Investa loom at El-Nasr company for weaving and dyeing. The details of fabric preduction is
listed as follow: The yams produced were usad as weft .

Warp yam count 20/1

No. of picks /em 20x2 - 16x2

No. threads /cm 20-27

Fabric width cm 128

Weight of 1 meter ranging between 200 -240 g.
Fabric design * 1 * Plain weave 2/2

Fabric design "2 " Twill 1/3

Table ( 2 ), Colour difference between dyed different fabrics

No, | L* a* b* L c H | KS | ST% | AL ac AH AE

1 691 | 306 | 179 | 691 | 307 | 2113 | 408 197 | 22 | 086 | 39

B 704 | -254 | 17 | 704 | 327 | 2128 | 4.08 321 | 18 | 012 34

78

2 69 |-272 | -182 ‘G 327 | 214 | 40 Iy 21 | 18 |012] 35
80
87

4 692 | -267 | -183 | €02 | 321 | 2128 | 443 207 | 23 | 016 | 275

3 682 [ -263 | -174 | 892 | 334 | 2133 | 336 | 856 2 22 | 049 | 347
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Table (2), continued
No. | L* a* b L c H | KIS | ST | aL | aC | aH | &E
6 70 |.287| 18| 70 | 332| 214 | 41 | 88 | 268 | -21 | 08 | 35
v | o4 |.271|-184| 694 | 315 |219.2| 415 | 81.5 | 229 | -24 | -1.0 | 349
8 | 702|-2%2|-177| 702 | 333 (2177 | 409 | 803 | 34 | -06 | -24 [ 3R
9 J707 | 28 |-192| 707 | 324 | 2128 | 493 | 97 | 355 | -15 | 026 | 387
10 | 70 ;:;s_s 74| 70 | 313 |2118| 396 | 78 | 287 | -26 | 07 | 393
1 | 671 | 258 | -168 | 671 | 354 | 215 | 542 [1065| 006 | 149 | 1.1 | 1,88
12 | 889 |-27.7|.105| 680 | 349 | 215 | 478 | 935 | 1,34 | 097 | 12 | 2
13 | 671 |-271 |11 | 671 (353 | 295 | 534 | 105 | -03 | 13 | 11 | 1.7
14 1662 |-264|-156| 662|355 | 2153|578 | 113 | 09 | 13 | 15 | 22
1% | &7 |2r3 |17 | 67 | 325 |2143| 49 | 98 | 18 | 06 |cov | O
1% | 69 |-269|-138| 60 | 33 [2133] s1 | 101 | 138 | <19 | 092 1.4
17 | 646 | 267 | -146 | 646 | 347 | 2151 | 638 | 125 | 24 | 06 | 07 | 2.4
18 | 67.2 |-27.5|-12.1| 67.2 | 33.9 j212.5| 5.2 | 100 0 0 0 0
19 | 658 |-274 | -13 | 658 | 358 (2137 | 583 [ 110 | 13 | 12 | 1.2 | 26
20 [ 848 |-256 | -118| 648 | 347 |211.2| 616 | 120 |-239| 10 | 03 | 25
21 | 679 |-264[-101 | 679 [ 338 |2135| 47 | 9 | 078 | 068 | 08 | 07
22 | 679 |-270 | -112 | 679 | 319 |2112)| 46 | 75 | 077 | 4.7 | 05 | 24

« The maximum wave length is 680
+ Sample No. 18 is taken as the reference sample.

Eabric bleaching :
The boiling process was provided contiguously on the factory production plant to assure

the same conditions for all types of fabrics. Caustic soda concentration is 48 g/l at 100 °C .

T.5

The bleaching process is also provided continuously at concentration of 12 g/l and 50%
hydrogen peroxide,

Type of dye
Name of firn

Reactive dye, Blue 3G.E. " Phythanol cyanine *
Ciba-Geigy
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Liqueur Ratio * LR* 1:20, 1g fabric : 20 cm3 solution
Dyeing, Washing and Soaping according ta firm recommendation.

ol a n

The colour measurements was provided on LABSCAN colour system, in El-Nasr
company for weaving and dyeing. This instrument determine the value of reflectance curve in
the range of 400 - 700 nm. Colour build up is obtained from the reflectance curve at the

maximum spectrum absorption Amax. Using Kubelka-Munk equation, the value KIS can
obtained.

(1-R%)* _ (1-R%)’

k/s=
2R% 2R%
dyed sample  substrate
Mungs of evaluation of res_»uLtﬁL
1 for Danda e

To predict the effect of yam count and twist muitiplier on colour measurements, the classical
method of plan of experiments was used, the number of factors are two, yam count and twist
muitiplier, the level of factors was three, the level of countis Ne. 20, 24, 28 zand the level of
twist multiplier was 3.6,4.0 and 4.4, thus the designis 3?2 .

ontour lines and re e ce:

The datawas fedto a computer program to calculate the coefficients of the following equation:
=k J-k

Y=b; +be +y 2 bixx,

i=] i=1 ,-l
Accordingly the equation have the form of:

—= 2 2
Y =const +b,x; +b,x, +b; Xj +bypxs + byX; X,

Where X, denote the yarn count,

denote the twist multiplier
The conltour lines and the three dimensional response surface was drawn, to get a clear idea
about the behavior of the yield, which in our case represented by the colour measuring
elements, as hue, chroma k/s,....etc. The normal statistical methods as F-ratio and analysis of
variance, is used to eliminate the insignificant coefficients.

Results and discussions:

Table ( 2 ) shows the results obtained for colour measurements. The effect of cotton
fiber type will be discussed at first, then the effect of spinning system followed by the effect of
fabric design . The k/s and the total colour difference will be used as the criteria for colour
quality. Only for dandara group of experiments the elements of colour measurements such as
the hue, chroma, lightness and colour strength will be considered.
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Effect of cotton fiber type on colour :

The yamn count for G81 and G75 is Ne. 30, but for Dandara is 28. the first factor is
almost the same, also the fabric weaving parameters was kept constant, so that the difference
would be attributed to the cotton type. The dandara fabric shows the highest values of k/s
followed by G75 and GB81, sample 3,4 and 21 respectively. This means that ability of dye
absorption for dandara is quite higher than the other types. Consequently the total colour

difference AE is the smallest for dandara, i.e. the deviation in colour parameters is small for
dandara. The other two fibers show approximately the same deviation. The whiteness before
and after bleaching for G81 is measured as ( 37.3 before, and 55.7 after ), and for G75 ( 39.3,
55.8 ) and for dandara is given as (34.7, 54.5). The differences in whiteness for the three types
of fibers after bleaching are very small and refer to less than 1% , This means that the
differences in colour quality is due to fiber properties. Another factor may play a roll, is the
linear density, dandara fibers is more finer compared to G81 and G75, as given in Table (1).

From G75, samples No.4 (plain fabric) and 8 (twill fabric) produced from carded yams
of English count Ne. 30. Sampies No. 2 (plain fabric) and 8 (twill fabric) produced from combed
yams of English count 40. The combed cotton fibers show generally small increase in k/s
values, compared to carded yams, this could be explained that the combing process eliminates
a considerable amount of short fibers, thus the uniformity of fiber length distribution becomes
better, this beside the elimination of dead fibers, GNPs and trashes. The values of k/s for plain
weave are relatively better than those of twill weave, this could be attributed the fact, that the
plain weave construction 2/2 is more regular in threads distribution in the filling direction than
for twill weave, The total colour difference is approximately the same for all fabrics, since they
are produced from the same fabrics. This indicate that there is no risk to dye fabrics from the
same fibers, and different in spinning process.

The effect of spinning process on k/s and AE (0.E & R'S. );
4.5+
44
3.5
34
251
24
154
14
0.54
04

Fig . (2)

Fig. ( 2 ), shows the effect of spinning process on colour measuring, The O.E. shows higher

values for k/s, and again about the same for AE . It is well known that the open end yams have
higher volume than ring spinning yams / 8 /, this may be the cause for better k/s values. It must
be noted here that the yams are of different counts.
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unt:
Fig.{ 3 ) shows the effect of yam count on colour measurements. For plain weave
woven from carded cotton yams of counts Ne. 40 and Ne. 30 from G81 fibers.

7.
(£
5-
3 '-
z- X
1
(a}'] I,Nl.-l-ﬂ,twi!l G81, Ne.30, twill Dandara, Ne.28, Dand Ne.20,
plain plain

Fig. ( 3 ), the effect of yarn count on k/s and AE

For dandara cotton, plain weaves which are woven from carded yams of Ne.20 and 28.
Generally the fabrics produced from coarser counts have better values of kis. The is due to the
penetration of dye into coarser yamns is easier than finer counts. the total difference Is
accordingly have lower values for coarser counts. Here aiso one can see the differences
between the G81 and dandara fibers, where the dandara have higher ks values and lower

total colour difference AE .

ffect of yarn count a t mu. n the ents of colou nging:

Three yamns of counts 20, 24 and 28 were spun at three twist factor level of 3.6,4.0 and

4.4 respectively. The yarns were used in producing 9 fabrics plain weave. The condition and

parameters of production remains constant during the whole process. All elements of colour

measurements were considered. The procedure of classical plan of experiments is used. The
following is the levels of the independent variables.

Yam count -1 -1 -1 0 0 0 1 1 1
Twist multiplier -1 0 1 -1 0 1 -1 0 1
The level of the coded variables are given as :
Count Ne. Twist multiplier
Code

-1 20 3.6

0 24 4.0

28 4.4

The multiple regression coefficients were calculated according to Egs.[1]and [2]
stated in method of evaluations. The response surface and contour lines were plotted using a
computer program /6/.
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d [o) :
" Fig. ( 4 ), show the contour lines and response surface of k/s as a function of yam
count and twist factor. It can be observed that the k/s increases as count is coarser, i.e. better
dye absorption. While it is clear also that using smaller twist factor improves the k/s, this is true
because the yam structure becomes more bulky.

CONTOUR LINES OF XS RESPONSE SURFACE OF X/S

-1.0 0. 0

4 \\—r——bl"/ﬁ/“/‘/

Vo ey

A
0'n & @
3.6 /L /;’f—_‘\“ -1.0
20 24 2
TARN COUNT [TEX]

Lo

|

!

TWIST FACTOR

Fig.( 4 ),Contour lines and response surface of K/S

TYIST FACTOR

4.0 = 0.0
3.0 / / ’,i T . -1.0
20 24 28

Fig.(5), contour Jines and response surface of colour strength

The colour strength is a relative measure to a sample taken as a reference. In our case the
sample No. 18 is taken as 100 %. The relative deviation ST % is another form of k/s. It is seen
clearly the similarity of both figures. Here is also clear the negative effect on yam count and
twist factor, i.e. as the count becomes finer (+1), which is Ne. 28, the ST values becomes
smaller, Also, the same for the twist factor, the colour strength becomes higher as the twist
level is lower, This fact may help the weavers and the spinners to chose the proper twist facter,
not only for the mechanical properties of fabrics, but also for the colour measurements.



T, 10 Abdel Latif El-Hoseiny
The differences In lightness:
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Fig.(6), contour lines and response surface for colour lightness differences AL

The contour lines of the light difference is a typical mini-max. shape, i.e. where the difference
reaches maximum at twist factor, the difference becomes minimum from the side of yam
count. Sometimes this shape is called " saddle " shape /7/. The reference sample No. 18,
represent a twill fabric, woven from yam count Ne. 24, and twist factor 4, i.e, lies exactly in the
middle values of count and twist factor. The negative values indicate darker colour and vice
versa. the lower the twist level is, the darker the colour of the fabric. From the other side, the
coarser the count is, the darker the fabric colour. It is clear that both yarn count and twist factor
affect the shade of the colour. Special care have to be taken when dyeing different fabrics,
even when they have the same structure, but different yarn count and/or different twist factor.

ce

CONTOUR LINES OF C RESPONSE SURFACE OF C

“ =]

_\/
R\iZe=N

20 24 28
TARN COUNT [TEX|

TWIST FACTOR

-

Fig.(7), contour lines and response surface of differences in chroma AC
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_ The AC indicates the colour purity. In the colour circle, when the colour is at the out side, this
means less interfered with other colours and more pure. In our case both yam count and twist

factor act negatively on AC, i.e. as the yam becomes coarser with lower twist, the colour of the
fabric becomes more pure, this is logic, since the coarser count with lower twist absorbs more

colour and the colour concentration becomes higher.

The colour difference In hue AH:

CONTOUR LINES OF W RESPONSE SURFACE OF H

=1.0 0.0
1.0

TWIST FACTOR

4.0

et

]
o

QP"J

/ S
0.0

)
20 24 28
TARN COUNT [TEX]

Flg.(9), contour lines and response surface of hue AH

The difference in hue, in our case means the deviation from standard sample, and hence the
original dye is a turkiuase in colour, so the positive values indicates that the colour becomes
more blue, and the negatives values, means that the colour tends to be green in colour.
Accordingly, as the yam count is coarse, the fabric tends to be green, and as the yarn is fine,
the fabric tends to be blue. The twist factor have no great effect on hue, but the general trend
as the twist factor is high, the fabric tends to be green. This phenomenon is very important not
only for dyers but also for the weavers and spinners. Logically, yam mixing is a pronounced
cause of colour shading, and leads to real troubles.

The total colour difference AE:

44
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Fig. (9), contour lines an response surface of total colour difference AE
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The total colour difference is mainly affected by the twist factor. The yam count is of secondary
elfect. As twist increase, the total colour difference increase, this is true hence the yam
becomes more compact. Also as the yam count becomes fine, the total colour difference
bacomes higher. A true minimum is at twist factor 4.

onclusions:

The above results and discussions, spotlights the need of identifying the dye ability and
colour measurement for the Egyptian cotton. The relationship between row material, yam
properties and fabric structure is very important for spinner, weaver and dyer. All these
process affect and interact the dyeing and colour measurements.

Particular conclusions from this work may be drawn:

= The type of cotton fibers affect significantly the colour measurements. The Dandara cotton
have better colour build up and less total colour differences, followed by Giza 75 and Giza
81.

« The combed yams shows slight increase in k/s and AE against carded yams.

« The open end yarn have relatively better k/s compared with carded yams.

« The plain weaves shows better colour build up and total colour difference compared with
twill weaves.

« The yam count and twist factor affect colour build up significantly, the coarser the yam and
the less twist the better the k/s and the colour strength.

= The Chroma, Hue, increase as the yarn count becomes coarser and less twist intensity

« The differences in lightness increases as the yam is coarser, and as the twist level is
higher.

+ The twist factor affect significantly the total colour difference, where the yam count have no
pronounced effect on colour measurements.
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