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ABSTRACT — REZUMAT

Effect of caustic treatment on cotton/modal blended fabric

Attempt has been made to assess the cotton/modal (60:40) blended woven fabric properties after mercerization with
caustic lye of different strengths. Cotton/Modal (60:40) fabric was subjected to bulk mercerization process and
subsequently dyed with reactive dyes. The colour strength, fastness properties (washing, staining and rubbing etc.),
tensile and tear strength and shrinkage were characterized. The results of this study indicate that cotton/modal blended
fabric that was considered in this study can be processed under similar conditions as those that are maintained for
cotton fabrics generally and that the aforementioned properties are improved generally.
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Influenta tratamentului cu soda caustica asupra materialelor textile din amestec fibros de bumbac/fibre modale

S-a incercat evaluarea proprietatilor tesaturii din amestec fibros de bumbac/fibre modale (60:40), dupa mercerizare cu
solutie alcalina de soda caustica de diferite concentratii. Tesatura de bumbac/fibre modale (60:40) a fost supusa unui
proces industrial de mercerizare si apoi de vopsire cu coloranti reactivi. Au fost determinate proprietatile de intensitate
si rezistenta a culorii (modificarea culorii la spélare, cedarea culorii si rezistenta la frecare etc.), rezistenta la tractiune
si la sfasiere si contractia la spalare. Rezultatele au indicat faptul ca teséatura in amestec fibros de bumbac/fibre modale
luata in studiu poate fi prelucrata in conditii similare cu cele utilizate uzual pentru tesaturile din bumbac, iar proprietatile

mentionate anterior sunt in general imbunatéatite.

Cuvinte-cheie: fibre modale, mercerizare, intensitatea culorii, rezistenta culorii, rezistenta la sfasiere si la tractiune

INTRODUCTION

By the mid of the 20t century, synthetic fibers includ-
ing nylon, polyester and acrylics had witnessed a
growth so rapid that the production of cotton has had
to be cut back by legislation in the USA, for instance.
This extra-ordinary growth in the demand of synthet-
ic fibers can be attributed to a number of factors
including reduced raw material costs, series of break-
throughs in the chemical industry, developments in
plant operations and arguably the most attractive
option of a greater control on the fiber properties. The
aforementioned and other advantages of using syn-
thetic fibers in textiles also proved to be the driving
force for continued growth in the production and uti-
lization of regenerated fibers. In the case of regener-
ated fibers, the advantage of being able to use abun-
dantly available natural raw materials for their
production, has over the years, proved to be a con-
sistent factor in maintaining the status of such fibers
as a feasible option for use in textiles [1].

Despite all the excitement regarding the man-made
fibers and their world wide acceptance, it is an estab-
lished fact that there is role is to supplement not to
supplant the natural fibers [2]. Thus, blending of syn-
thetic fibers as well as regenerated fibers with natu-
ral fibers has been practiced for decades now and
for most combinations that are worthy of making end
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products, the resulting benefits in terms of the char-
acteristics of the end product are well known [3-8].
Depending upon the ratio in which a natural fiber is
mixed with one or more man-made fibers, the poten-
tial benefits may include, but are not limited to,
reduced overall costs, improved thermal characteris-
tics [9], comfort properties [10], changes in abrasion
and pilling performance, improved dimensional sta-
bility and shrinkage control, etc. [11].

Among the natural fibers that are used in textiles, cot-
ton continues to be a fiber of first choice for a broad
range of applications; from apparels to home textiles.
Due to the advantages mentioned in the preceding
text, blends of cotton with other man-made fibers are
widely studied and abundant literature is available
regarding the characterization of such blends [12,
13]. Arguably, the most widely studied is the cotton-
polyester blend [14-17]. Among the class of regener-
ated fibers, viscose has gained wide spread accep-
tance primarily due to considerably lower production
cost and the fact that it can be spun very uniform in
diameter. Some of the inferior properties of viscose in
comparison to cotton, for instance, low wet strength,
high elongation and dimensional instability, etc. have
been dealt with by different approaches ranging from
new methods of spinning to resin finishing [18].

As greater control over the viscose process was
achieved, several varieties of regenerated cellulosic
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fibers were produced to achieve specific characteris-
tics that the earlier varieties lacked in some respects,
for instance, low wet modulus [19]. “Modal” is a wide-
ly used generic term for regenerated cellulosic fibers
obtained by processes giving a high tenacity and a
high wet modulus. It is defined by the international
bureau for standardization of manmade fibers
(BISFA) as a distinct rayon fiber genre which has a
higher wet modulus and satisfies a minimum value of
tenacity in the wet stage at 5% elongation. Lenzing
AG of austria is a leader in the development and mar-
keting of modal fiber. Their first modal fiber was mar-
keted under the tradename Hochmodul 333 and in
the 1990s they introduced the very first micromodal®.
Further developments in the manufacturing process
have rendered certain varieties of modal twice as soft
as cotton. More importantly, the softness lasts longer
and is able to withstand repeated wash and dry
cycles. In addition, superior mechanical properties,
e.g., higher tenacity profile than viscose, and other
advantages are resulting in an ever increasing use of
modal in blended form with other fibers [20, 21].
Blends of modal and cotton fibers are generally pre-
treated as pure cotton i.e. Boiled off, bleached and if
necessary, also mercerized. The chemicals added to
the boiling and bleaching phases are reduced corre-
spondingly depending on the proportion of modal
fiber [22].

As for all other fibers, the general properties of modal
are thoroughly discussed in a number of studies
[23-25]. The literature regarding production-scale
processing and its effects on the properties is rather
limited to the dyeing behaviour of blends of modal
[22, 26]. In this work, we present our findings regard-
ing the effects production-scale processes on the
properties of 60:40 cotton/modal woven fabric. In par-
ticular, the effects of caustic treatment using different
strengths of caustic soda have been discussed in the
context of colour strength achieved in dyeing, fast-
ness properties, hand feel, breaking strength and
shrinkage properties. Due to the high swelling
propensity of modal fibers in lye of a higher concen-
tration, lensing special guidelines have been drawn
up for mercerizing cotton/modal blends particularly
with respect to fabric construction and machine
dynamics. These guidelines provide the basic frame-
work for this study.

MATERIALS & METHODS
Substrate

Cotton/Modal (60:40) blended yarn was prepared
and converted into woven fabric. Some of the more
important fabric specifications are provided in table 1.

Pre-treatment of fabric

Pretreatment of fabric was carried out on bulk, con-
tinuous processing machines. The recipes and pro-
cess parameters of the various pretreatment opera-
tions are provided in tables 2—4. The primary aim of
the present study was to analyse the effects of caustic
treatment on the properties of modal/cotton blended
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Table 1
SPECIFICATIONS OF THE FABRIC USED
IN THE STUDY

Blend ratio (Cotton: Modal) 60:40
Warp yarn count 60s
Weft yarn count 40s
Weave 4:1 Sateen
Ends/inch 178
Picks/inch 122
Thread count 300
GSM 140

fabric. Thus, caustic treatment of the substrates that
were pretreated in exactly the same manner was car-
ried out using three different strengths of caustic as
mentioned in table 4.

Table 2

COMBINED SINGEING AND DESIZING PROCESS

Singeing
Machine name Oshthoff Senge
Machine speed 95 m/min
Number of burners 4
Desizing
Machine name Singeing Oshthoff
Batch/Dwell time 6 hours
Ligour temperature 70°C
Ligour pH 7
Enzymatic sesizer 0.5¢/
Wetting agent 34l
Table 3
BLEACHING PROCESS OF FABRIC
Bleaching Recipe
Hydrogen peroxide 24 g/l
NaOH (50%) 20 g/l
Wetting agent 34/l
Sequestering agent: 149/
Stabilizer 6 g/l
Bleaching Process Parameters

Pre-washing temperature 95°C
No. of chambers (pre-wash) 3
Machine speed 100 m/min
Steamer time 22 min
Wetting agent 34/l
Post washing temperature 95°C
No. of chambers (post-wash) 4

Dyeing of fabric

Reactive dyes (Jakazol®) in powder form were used
for dyeing of samples. All other chemicals used in this

2020. vol. 71. no. 3




Table 4
CAUSTIC TREATMENT OF FABRIC USING THREE
DIFFERENT STRENGTHS OF NaOH

Machine name Benninger
Machine speed 55 m/min

7 Be®
Strong lye concentration 20 Be®

28 Be®
Weak lye concentration 7 Be®
Temperature of strong lye 60°C
Post washing chamber 4
Temperature 95°C
Neutralization chamber 60°C

work were of analytical grade. Dyeing was carried out
on production scale machines and the pad-dry-chem-
ical pad-steam route was followed. The process and
machine parameters maintained for all samples are
provided in table 5 and table 6, respectively.

Table 5

DYEING PROCESS DETAIL

Jakofix Yellow MERL 8.9 g/l,
Jakazol Navy DSG 13.43 g/l,
Jakazol Black CECL-N 47.39 g/l

Thermosol Continuous Range

Dyeing recipe

Dyeing machine

Dyeing pick up 65%
Pre drying IR dryers
Drying temp 120°C
Speed of machine 60 m/min

Table 6

CHEMICAL PAD STEAM PROCESS

Chemical Padding Salt, Alkali, Urea
Steaming Temp 103°C
Steaming Time Ns

Post Washing 9 chambers
Post Washing Temp 95°C
Speed m/min

ANALYSIS OF THE TREATED FABRICS

K/S analysis of dyed fabric samples
Colorimetric analysis of reactive

layers in front of the aperture. The values reported
here are the average of five readings that were taken.

Fastness tests

The samples were washed under condition IIIA of
according to AATCC Test Method 61-2006 (2003) to
determine the colour change. Light fastness tests
were carried out according to AATCC Test Method
16 E-1998 (2003). The samples were exposed to 5
and 10 AFUs (AATCC Fading Unit) to determine the
colour change. Standard crock meter was used to
determine the rubbing fastness of dyed fabrics under
wet and dry condition to assess the colour change
and staining property according to the test method
AATCC 08-1996 (2005).

Dimensional stability

Some superior physical properties of modal such as
tenacity, elongation and wet modulus make a fabric
last longer with an enduring look and feel. However,
in the case of blends of Modal with other fibers, the
blend ratio and the treatment conditions are of course
expected to have a direct effect on the overall dimen-
sions stability of the fabric. Thus, in the context of the
present study, it was considered to be important to
characterize the dimensional stability of the Cotton/
Modal blended fabrics that were considered. For this
purpose, dimensional stability of the test samples
was tested according to ISO 6330(4N) at 40°C
(Tumble Dry).

Breaking strength analysis

Owing to similar reasons as mentioned in Section
3.3, the samples were tested for tensile strength in
warp and weft directions according to ISO 13934-2
(grab method). Tear strength was tested in warp and
weft using ISO 13937-1 (Elmendorf tester). For each
fabric average of five readings were recorded.

RESULTS & DISCUSSION

Colorimetric strength of samples

The results tabulated in table 7 clearly indicate that
the K/S value increased with increasing lye concen-
tration. This trend is expected in the case of cellulosic
fibers and their blends and it is attributed to the for-
mation of soda-cellulose and increased intra-fibrillar
swelling. This phenomenon can be explained through
Donnan’s membrane theory. In its simplistic form, it
elucidates that cellulose reacts with NaOH to form
soda cellulose (Cell-O-Na+) and ionization of this

dyed fabrics was carried out using a Table 7
Datacolor SF 600 plus spectropho-

tometer. Measurement were taken COLORIMETRIC DATA FOR DYED SAMPLES

regarding colour presence, bright- Caustic

ness, dullness and colour intensity | sample |strength| L A b c h KIS
with the specular component of the (Be°)

light excluded and UV component o
ir?cluded using illuminant D65 and A 7 21.03 | -1.61 | —-2.16 2.70 233.31 | 98.07%
10° standard observer. Each fabric B 20 2156 | -1.55 | -2.39 2.85 236.91 [104.52%
was folded once so as to furnish two C 28 19.82 | -1 | —2.29 | 250 | 246.41 |118.09%
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compound creates a high concentration of sodium
ions within the fiber. Under this concentration gradi-
ent water molecules diffuse through the cuticular
semi-permeable membrane of the fiber and so cause
swelling of the fiber.

Colour fastness testing

The results of washing tests are provided in table 8.
It is evident from this data that there was no record-
able difference between the fabric samples in terms
of shade change after washing and as well as in
terms of staining. Furthermore, the grey scale rating
of 4 and 4-4.5 for shade change and staining,
respectively, indicate that the Cotton/Modal blended
fabrics treated with caustic of various strengths pos-
sessed very good colour fastness properties.
Similarly, the rubbing fastness test results (table 9)
also indicate that treatment of the blended fabric with
caustic of various strengths did not result in a signifi-
cant difference between the samples in terms of their
colour fastness to rubbing.

is consistent with that observed in the case of mer-
cerization of a 100% cotton fabric. It is known for this
type of treatment to result in increased orientation of
the molecular chains in the amorphous regions of
fiber. In addition, parallelization of crystallites on
stretching increases the secondary interactions
between the molecular chains. Removal of inherent
strains in the fiber after their relaxation on swelling
also helps in improving the overall strength of fiber.

Dimensional stability/shrinkage

The results of shrinkage tests on the samples that
were treated with caustic lye of different strengths are
provided in table 11. The results clearly show that
the dimensional stability is improved with increasing
caustic lye strength. This can be attributed to
improved dimensional stability of the cotton compo-
nent in the blend. However, it also indicates that there
is no considerable deterioration in the shrinkage-
related properties of the modal component in the
blended fabric.

Table 8 Table 11
WASHING FASTNESS TEST RESULTS WARP-WISE AND WEFT-WISE SHRINKAGE
OF SAMPLES
Caustic Grey scale rating -
Sample | strength | Shade | Staining | Staining Sample Caustic . Shrinkage
(Be°) | change | on cotton | on nylon Strength (Be®) Warp Weft
A 7 4.0 4.0 4.5 A 7 —4.0% —4.0%
B 20 4.0 4.0 4.5 B 20 —4.0% —3.0%
C 28 4.0 4.0 4.5 C 28 —3.0% —3.5%
Table 9 CONCLUSIONS
From the results obtained in this study, it can be con-
RUBBING FASTNESS TEST RESULTS cluded that mercerization of 60:40 Cotton/Modal
- : (60:40) blend can be carried out under conditions
Sample Caustic . Rubbing Fastness and parameters that are normally maintained for
strength (Be®) Dry Wet 100% cotton fabrics. Colorimetric data for the sam-
A 7 4 25 ples treated with caustic lye of different strengths
B 20 4 25 shows that treatment with 28 Be® caustic lye results
c 28 4 25 in improved dyeing characteristics. Furthermore, the

Fabric strength testing

The results of tensile and tear strength in the weft
and warp directions are provided in table 10. A clear
trend of increasing tensile and tear strength with
increasing lye concentration is observed in all cases.
It is noteworthy that increasing lye concentration from
20 Be® to 28 Be® resulted in well over 10% increase
in the tear strength of fabric. Furthermore, this trend

Table 10
TENSILE AND TEAR STRENGTH RESULTS
Caustic | Tensile (K Tear (gf
Sample | strength (Ka) (af)
(Be®) Warp | Weft | Warp Weft
A 7 17.5 20 888.5 | 1100
B 20 22 21 932 1123
C 28 23 21.5 1082 1243
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tensile and tear strength and the dimensional stabili-
ty of the particular blend that was considered in this
study were also improved after treatment with 28 Be®
caustic lye. A potential extension of the reported
research is to test different blend ratios and subject
those samples to caustic treatment in a similar way
as reported in the present study. In this way, it can be
studied if caustic treatment affects different blend
ratios differently or otherwise. Owing to the fact that
the treatments on the cotton/modal blended fabric
were carried out on production-scale machinery, it is
envisaged that the present study will prove to be a
helpful guideline for the concerned textile processors.
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