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Abstract

The recycling of reactive dyes is of great commercial value in the dyeing and printing field due to
their low cost and bright colors, and thus they have become the most common colorants in cotton dyeing.
During the cotton dyeing process, reactive dyes are fixed on the cotton fiber surface through the -O
binding under alkaline conditions. Therefore, Na" is introduced to shield the -SO3™ on the surface of
reactive dyes, thereby reducing the intermolecular repulsion and improving the uniformity and fixation rate.
This process is accompanied by the side reaction of dye hydrolysis, resulting in dyeing wastewater
containing a large amount of sodium sulfate, sodium chloride and hydrolyzed dyes. Direct discharge into
nature will seriously reduce water quality and cause soil salinization. In traditional water treatment
processes, a large amount of inorganic salts and hydrolyzed dyes are separated as waste, which is
undoubtedly a waste of resources. How to separate and recycle pollutants is a key factor in reducing the
discharge of cotton dyeing wastewater. This paper addresses the above problems by constructing
environmentally responsive polysaccharide-based materials to achieve the decolorization and reuse of
dyeing wastewater in the dyeing process, including the following three parts:

(1) A novel pH/salt-responsive flocculant, 2,4-di(ethylamino)-1,3,5-triazine grafted starch (ETST),
was successfully prepared by grafting 2,4-di(ethylamino)-6-chloro-1,3,5-triazine (BECT) onto starch under
low pH conditions. The polymer chain changes the surface charge density by pH to achieve flocculation of
dyes. By investigating the influence of different factors on flocculation, it was proved that electrostatic
neutralization plays a dominant role in the ETST flocculation process. In addition, adjusting pH and salt
content can induce the flocculation-adsorption transition of ETST, broadening the flocculation window
while reducing the residual flocculant in the water. The high-salt wastewater after filtering the flocs can be
reused in cotton dyeing. In three cycles of dyeing processes, the continuous reuse of regenerated water has
a dyeing effect close to that of fresh water, achieving the recycling and reuse of high-salt wastewater in the
dyeing process and reducing the discharge of high-salt wastewater.

(2) A pH-responsive extractant, 2,4-di(n-butylamino)-6-chloro-1,3,5-triazine grafted starch (STST),
was successfully prepared by grafting 2,4-di(n-butylamino)-6-chloro-1,3,5-triazine (SACT) onto starch.
STST shows good resistance to temperature interference, with a small decrease in dye removal capacity at
high temperatures, outperforming traditional extractants. It is speculated that STST undergoes an
extraction-adsorption transition under temperature induction, achieving dye adsorption at high temperatures
while maintaining the efficiency of extraction and the high-temperature resistance of adsorption, which is
beneficial for treating high-temperature dyeing wastewater. In addition, STST shows good regeneration

performance, and only a small amount of NaOH is needed to desorb the dyes, successfully achieving the



recovery of waste dyes. The regenerated extractant maintains good extraction performance within five
cycles. In three cycles of dyeing processes, the reuse of regenerated water has a dyeing effect close to that
of fresh water, and the regenerated dyes also meet commercial requirements for dyeing wool.

(3) A novel cationic fiber, 2,4-di(dimethylamino)-6-chloro-1,3,5-triazine grafted cotton fiber (BDCT),
was prepared by reacting 2,4-di(dimethylamino)-6-chloro-1,3,5-triazine (BDAT) with cotton fibers under
low pH conditions. BDCT can be directly dyed with hydrolyzed dyes in high-temperature and high-salt
dyeing wastewater, or dyed without additional inorganic salt auxiliaries at low pH. Through different
dyeing experiments, the dyeing performance of BDCT was evaluated. BDCT can achieve a total dye uptake
rate of over 98% in both hydrolyzed dye dyeing and fresh dye dyeing without salt at low pH. The
exhaustion rate, fixation rate, total dye uptake rate and color strength of BDCT salt-free dyeing under the
optimal conditions are all superior to those of traditional dyeing of ordinary cotton fibers, and it completely
avoids the generation of salt and alkali wastewater.

Key words: Flocculation; Extraction; Hydrolyzed dye reuse; Salt water reuse; salt-free dyeing
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