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ABSTRACT

Optimization of the factory recipe for dyeing acrylic fibers in laboratory conditions was done
in this article. The basic color The dye Basic Red 46 was used for dyeing, while uncolored acrylic
fabric in plain weave was used as the substrate. The optimized recipe for dyeing acrylic fibers
with a basic dye is partly different from the recommended factory recipe. More efficient dyeing
through optimization means more dye on the fiber and less waste dye remaining in the bath after
dyeing, which certainly facilitates the purification of liquid waste. Dyeing in laboratory
conditions has its specificities, but it is a good basis for the formation of dyeing parameters in
industrial conditions. Relatively smaller differences for numerous values of the parameter K/S,
for individual parameters in the recipe, may lead to thinking about a compromise for the selection
of operating parameters. Optimized and factory recipes are not universal and are not always
valid, on the contrary, the changing chemical nature of acrylic fibers and dyes will affect the
choice of working dyeing parameters, which constantly requires new analysis and laboratory

testing, as a prerequisite for industrial dyeing.
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ONTUMU3IUNPAHE HA BOAAUCBAHETO HA
AKPWJIHUW BJIAKHA B JIABOPATOPHU YCN10BUA

lopan AMuH', Canppa KoHcrantunosmny', Urop Moppanos’, Aparan Jxopaxesny'
'YHusepcumem e Huw, ®akynmem no mexHosnozuu, Jleckosau, Copbus
*@akynmem no mexHonoaus u memanypaus, Ckonue, CeaepHa MakedoHus

PE3IOME

B Ta3u crarus e ontumusupana pabpuyHara perenta 3a 00s11CcBaHe Ha aKpUJIHU BJIaKHA B
nabopatopuu ycnoBus. barpunoro Basic Red 46 e usnon3Bano 3a 0osiincBaHe Ha HEOLIBETEHA
aKpuJiHAa ThKaH B IJAJIKO ThKaHE M € H3MOJI3BAaHO KaTo cyOcTpaT 3a OosaucBaHe.
OnTuMu3npaHara perenTa 3a 60s1CBaHe Ha aKPUIIHU BJIAKHA C OCHOBHO 0arpmiio € 4aCTUYHO
pasnuyHa oT mnpenopbuuTenHara ¢abpuunHa peuenta. [lo-1o6poTo onTUMH3MpaHE Ha
00s,1MCBaHETO O3HayaBa MoOBede Oarpuio BbPXY M BbB BIAKHOTO U IO-MAaJKO OTMAIbYHO
0arpuso, ocTaHajo BbB BaHaTa ciiel 00 1UCBaHe, KOETO YJISCHSIBA MPEUNCTBAHETO HA TEUHUTE
otrnaabuu. barpenero B mabopaTopHu yciI0BUS UMa CBOUTE CHELU(PHUKH, HO € 100pa OCHOBA 3a
¢dbopmupaHe Ha mapaMeTpUTe Ha GarpeHe B MHAYCTPUATIHH YCI0BUsA. OTHOCUTEIHO [TO-MaJIKUTE
pa3IMKH 32 MHOXKECTBO CTOMHOCTH Ha napaMmeTrbpa K/S, 3a oraenHuTe mapamerpu B perenrara,
MOTaT Ja JOBeIaT A0 MHUCIEHE 3a KOMIPOMHC Npu u3bopa Ha pabOTHU mapameTpH.
Ontumusupanutre U (aOpUyHM pelenTd He ca YHUBEPCAJHUM M HE BUHArW ca BaJMIHM,
HANpOTHB, IPOMEHSAIIATA C€ XUMUYECKa IPUPO/Ia Ha aKPUITHUTE BIIaKHA U Oarpuiia 1ie moBIuse
Ha n300pa Ha pabOTHH MapamMeTpH Ha 0OsMCBaHe, KOGTO MOCTOSHHO M3UCKBAa HOBU aHAIN3H U

1abopaToOpHU U3CIIEABAHMSL.
KittouoBu 1ymu: akpuiiHO BIaKHO, Oarpene, Basic Red 46, ontumu3zarusi.
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INTRODUCTION

Acrylic fibers, once composed of
polyacrylonitrile homopolymers, exhibited
great defects during dyeing, which is why
great efforts were made by manufacturers to
come up with new, modified types of these
fibers. The disadvantages were eliminated by
copolymerizing acrylonitrile with other vinyl
monomers that serve as plasticizers. The
dyeing of polymers and fibers is improved,
the reactivity, hydrophilicity, and elasticity of

acrylic fibers are increased 1.
Today, those fibers that contain at least

85% acrylonitrile are called "acrylic fibers".
Among acrylic fibers, the most common are
those with acidic (anionic) terminal groups
that have a strong affinity for basic dyes. The
anionic nature of nitrile groups gives acrylic
fibers an affinity for basic dyes, where a
cationic auxiliary agent is used as a retarder to
compensate for the negative charge of the

fibers 2.
The process of dyeing acrylic fibers brings

a qualitatively new product but also leaves
behind liquid waste that needs to be disposed
of. Optimization of dyeing, in this case, can
bring better quality dyed textiles, fewer waste

dyes, energy savings, lower costs, etc.
When dyeing acrylic fibers (commercial

dyes) in various color tones, the correct
selection of basic dyes is important. It has
been shown that basic dyes can mutually
influence the speed of transition to the fiber.
To achieve uniform coloring and economic
dyeing, the selected dyes in combination must
have the same speed of transition to the fiber

3.
It should be noted that acrylic fibers are

dyed with basic dyes only above the glass
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transition temperature Tg, which has a
characteristic value for each type of fiber and
most fibers are between 70 and 80 C. Basic
dyes form a heteropolar bond with the anionic
groups of the fibers. The number of anionic
sites in the fiber determines the saturation
value, S, that is, the maximum amount of

color that the fiber can take 4.
Dyeing with basic dyes takes place by the

mechanism of ion exchange or by a simple
distribution of ions through the three steps

involved indyeing 5.
(a) Adsorption of dye cations on the fiber

surface.
(b) Diffusion into the fiber.
(c) Occupancy within the fiber.
The ionic attraction between the basic dye

and the sulfonic group in the acrylic fibers is
strong, which gives a high color fastness to
washing. The solid and dense physico-
chemical nature of acrylic fibers and the
strong bond between the dye and the fibers
can result in poor migration and leveling
properties during dyeing, but that is why they

have a very high color fastness to light 6, 7.
In this work, the factory recipe for dyeing

acrylic fibers with a basic dye in laboratory
conditions was optimized. It was determined
that some of the key parameters should be
changed to optimize the classic dyeing, with
savings and better exhaustion of the dye from
the dyeing bath.
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EXPERIMENTALPART
Material used

The basic dye, C.I. Basic Red 46 (DyStar
Colours Distribution GmbH, Germany),
molecular formula C H,BrN,, and molar
mass 401.3 g/mol, was used for dyeing. The
dyestuff is in the form of a dark red powder, it
dissolves in water, mainly used for dyeing
textiles made of acrylic fibers, and it can also

be used in textile printing.
As a substrate for dyeing, an acrylic

fabric in plain weave was used, the warp
setting is 17 cm’”, the weft setting is 15 cm’,
and the warp and weft count is 62 tex. Before
dyeing, the fabric was washed (2 g/dm’
nonionic detergent, Lavan NKF- Textilcolor
AG, Switzerland, 1:30, 60 °C, 30 min),
thoroughly rinsed and air-dried.

Work procedure

It started from the basic recipe
recommended by the manufacturer: basic dye
2%, bath scale 1:30, Alviron W (Textilcolor
AG, Switzerland) 0.5 g/dm’, Na,SO,
(Centrohem, Serbia) 5%, TC Retard PAN
(Textilcolor AG, Switzerland) 1%, 98 C, 45
min, pH 4 (HCOOH, Centrohem, Serbia).
Constant parameters were: dye
concentration, bath scale, and amount of
leveling agent, while other parameters were
varied for optimization and selection of the
most favorable results. Variation of the pH
value for an alkaline medium was carried out

with the help of Na,CO, (Centrohem, Serbia).
The color of the fabric was measured using

a reflectance spectrophotometer (HunterLab
ColorQuest XE diffuse/80), which 1is
connected to a personal computer. The
Gurevich-Kubelka-Munk function, color
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strength (K/S), was determined on the
apparatus with the help of appropriate
software.

RESULTS AND DISCUSSION

The dyeing process or the reaction between
the dye and the acrylic takes place through the
sorption process, which includes a pH-
dependent dyeing mechanism. With basic
dyes, electrostatic forces between dye
molecules and acrylic fibers come to the fore.
Sorption and fixation of dyer are separate
quantities and each of them can be determined
and presented depending on the influencing

factors 7.
Dyeing optimization means choosing the

best combination of factors important for
successful dyeing that leaves the least amount
of waste dyer at the end of the dyeing process.

The influence of the pH of the bath on
dyeing

The pH of the solution has a significant
effect on effective and high-quality dyeing
with a basic dye. Figure 1 shows the dyeing
results, which directly define the best pH
value of the solution when a higher color
strength, K/S, is obtained, i.e. the highest
color strength of the acrylic fabric. The K/S
parameter represents the amount of dye on the
textile and 1is directly proportional to the
amount of dye bound to the textile material.
The highest values for the parameter K/S are
achieved at pH = 5, which means that under
these (acidic) conditions, most dye is bound
to the acrylic fiber in the fabric.
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Figure 1. Effect of pH solution on the dyeing of
acrylic fabric with basic red dye (basic dye 2 %,
Alviron W 0.5 g/dm’, Na,SO, 5 %, TC Retard PAN 1
%, 1:30,98 C, 45 min)

Effect of electrolytes

The bath exhaustion during the dyeing
process depends on the concentration of the
electrolyte. As a rule, dye exhaustion
increases with the increase in electrolyte
concentration. The presence of an electrolyte
is necessary especially in the case of using
dyes with high affinity because it slows down
the migration of the dye, which achieves a

better uniformity of coloring 8.
Figure 2 shows the results related to the

influence of the concentration of salt-
electrolyte (sodium sulfate) on the color
strength for dyed textile samples with a basic
dye. It can be seen from the figure that with
the increase in salt concentration, the color
strength continuously increases. After
reaching the maximum, the growth slows
down and decreases with higher amounts of
electrolytes. At the amount of salt of 6%, the
strongest coloring is achieved on the acrylic
fabric,1.e. K/S=28.
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Figure 2. Effect of salt-electrolyte on the dyeing of
acrylic fabric with basic red dye (basic dye 2 %,
Alviron W 0.5 g/dm’, pH 4, TC Retard PAN 1 %, 1:30,
98 C, 45 min)

Effect of dye retarder

Dye retarders are used to reduce the speed
of dyeing, i.e. to achieve more uniform and
equal coloring of textile materials during the
dyeing process. The high affinity of the dye
for the selected textile sample can make the
dyeing happen very quickly, in just a few
minutes, however, with a side effect, uneven

or colorful dyeing on the textile 9.
From Figure 3, it can be seen that the

amount of 0.8% retarder TC Retard PAN is
quite sufficient to exhaust enough dye on the
textile material without causing problems in

color uniformity.
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Figure 3. Effect of dye retarder on the dyeing of
acrylic fabric with basic red dye (basic dye 2 %,
Alviron W 0.5 g/dm’, pH 4, Na,SO, 5 %, 1:30, 98 C, 45
min)

Effect of temperature

The rate of dyeing depends significantly on
the temperature and in all cases increases with
its increase. The increase in dye sorption with
temperature can be attributed to an increase in
the number of active surface sites available
for sorption on the fiber, and an increase in
porosity, swelling, and total free volume

inside the fiber 2, 10.
The influence of temperature on the

ability to dye acrylic fabric with a basic dye
was tested at different temperatures (60 - 100
C). Figure 4 shows that the color strength
increases continuously with the dyeing
temperature up to 100 C. The worse effect at
lower temperatures can be attributed to the
insufficient degree of swelling of the fibers,
and in connection with this, the lower
migration and aggregation of the dye into the
interior of the fibers.

8.0+ | ]
78] /
70

Les- /

8.0 1 u

5.5

5.0

80 70 80 80 100
Temperature, °C

Figure 4. Effect of temperature on the dyeing of
acrylic fabric with basic red dye (basic dye 2 %,
Alviron W 0.5 g/dm’, pH 4, Na,SO, 5 %, TC Retard
PAN'1 %, 1:30,45 min)
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The influence of the dyeing time

The processing time, as a valuable and
important processing factor, has its influence
on the efficiency of the processing, primarily
on the greater exhaustion of the dye from the
dyeing bath. In principle, treatments that lasta
longer time sometimes bring better results,
although not always to the extent that would
be sufficient for these parameters to be
accepted as working. From the point of view
of economy and rationality, determining the
length of processing is of crucial importance
3,9.

The influence of the processing time on the
color strength of the acrylic fabric was tested
from 25 to 60 min. From Figure 5, you can see
the continuous growth of the parameter K/S,
i.e. color strength, with a slight slowdown
after 45 min. Processing for 60 minutes is
enough to reach the maximum amount of
color on the fiber in the fabric. Of course, the
question always arises, is it worth it, and to
what level should the dyeing be prolonged for
the sake of a slight increase in the color
strength, while wasting energy and time?
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Figure 5. Effect of time on the dyeing of acrylic
fabric with basic red dye (basic dye 2 %, Alviron W
0.5 g/dm’, pH 4, Na,SO, 5 %, TC Retard PAN 1 %,
1:30,98 C)
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Optimized recipes and dyeing conditions

Considering the performed checks of the
parameters that directly affect the dyeing
effects and the quality of waste-dyed water,
"optimized" recipes were determined based
on the previously presented results.

For the basic red dye used-optimized
dyeing recipe in laboratory dyeing
conditions, it looks like this:

- 1:30, bath scale (constant parameter).

- 2% dye (constant parameter).

- 0.5 g/dm’ Alviron W, nonionic leveling
agent (constant parameter).

- 6% Glauber's salt (manufacturer's
recommendation 5%).

- pH 5 (manufacturer's recommendation
4).

) - 0.8% TC Retard PAN, dye retarder

(manufacturer's recommendation 1%).

- 100 C, dyeing temperature
(manufacturer's recommendation 98 C).

- 60 minutes of dyeing (manufacturer's

recommendation 45 min).

CONCLUSION

The optimized recipe for dyeing acrylic fibers
with a basic dye is partly different from the
recommended factory recipe. Dyeing in
laboratory conditions has its specificities, but it is
a good basis for the formation of dyeing

parameters in industrial conditions.
In general, relatively smaller differences for

numerous values of the parameter K/S, for
individual parameters in the recipe, may lead to
thinking about a different choice of working
parameters. Namely, if in 60 min of dyeing K/S =
8,and 45 min K/S =7.8, then it is better to save 15
min of work and energy on dyeing considering
that the difference is minimal (K/S = 0,2),

invisible to the naked eye.
In the end, better optimization of dyeing
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means more dye on and in the fiber and less waste
dye remaining in the bath after dyeing, which
again means easier and more successful
purification of liquid waste.
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