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Trends in the textile industry show a continuous increase in the production and sale of textile materials, which in
turn generates a huge amount of discarded clothing every year. This has a negative impact on the environment, on
one side, by consuming resources—some of them non-renewables (to produce synthetic polymers)—and on the
other side, by polluting the environment through the emission of GHGs (greenhouse gases), the generation of
microplastics, and the release of toxic chemicals in the environment (dyes, chemical reagents, etc.). When natural
polymers (e.g., cellulose, protein fibers) are used for the manufacturing of clothes, the negative impact is
transferred to soil pollution (e.g., by using pesticides, fertilizers). In addition, for the manufacture of clothes from
natural fibers, large amounts of water are consumed for irrigation. According to the European Environment Agency
(EEA), the consumption of clothing is expected to increase by 63%, from 62 million tonnes in 2019 to 102 million
tonnes in 2030.

textile waste valorization environmental pollution Chemical Treatment

| 1. Introduction

One way to overcome the time-consuming separation of natural and synthetic fibers by manual selection is the use
of a chemical treatment [LIZEIAIBIE] \Waste jeans represent an important fraction of the total textile waste. They are
a major source of cellulose. Natural cellulosic fibers are a renewable biomass source to produce higher-value
products via cellulose hydrolysis. The cellulose contained by the cotton fibers has high crystallinity, being inefficient
in the conversion to biofuels. Alkali pre-treatment (with NaOH or Na,CO3) at moderate temperatures transforms the

crystalline structure of cellulose into an amorphous form, which is more easily biodegradable [,

Palme et al. (2017) used a treatment with NaOH at temperatures ranging from 70 to 90 °C to separate cotton and
PET (poly (ethylene terephthalate), polyester) from mixed textiles. In this step, the PET is degraded to terephthalic
acid (TPA) and ethylene glycol (EG). Three product streams are generated from the process: cotton, TPA and the

filtrate containing EG, and the process chemicals 1.

The separated materials can be further used to produce new chemical products. For example, Gholamzad et al.
(2014) studied the production of ethanol from the cellulose recovered from a polyester-cotton textile material . In
previous studies, it was found that the addition of urea, thiourea, or a mixture of these two enhanced the dissolution
of cellulose in an alkaline solution BI4IBIE The alkali pre-treatment is followed by enzymatic hydrolysis, in the
presence of cellulase and glucosidase. Alkali pre-treatment was found to improve the production of ethanol from

the cellulosic part of a polyester-cotton blend .
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Hasanzadeh et al. (2018) used Na,COj; as the reagent for the alkali pre-treatment. The waste textile consisted of
used jeans made of cotton and polyester with about 90% cellulose. The alkali-pre-treated textile waste was

subjected to anaerobic digestion, enzymatic hydrolysis, and fermentation to produce biogas, sugars, and ethanol
m,

It was shown that substituting conventional fuels by green fuels offers the advantages of disposal of waste material
that is used for fuel production and reduction of GHG (greenhouse gases) emissions. One example is the use of
cotton ginning wastes as an alternative energy source to replace part of the heavy fuel oil used for the thermal

needs (up to 52%) of a textile plant located in northern Greece [,

Another possibility for valorization of the textile waste is the synthesis of different chemicals, after the recovery of
natural or the synthetic polymers from the clothing material, using environmentally friendly solvents. Jeihanipour et
al. (2010) developed a process for the separation of the cellulose, cotton, and viscose blended fibers . The
recovered polymers were used in the synthesis of ethanol or biogas. The separation of the polyester/cotton fibers
was made for a 50/50 mixture of polyester/cotton. In the first step, the cellulose was separated using an
environmentally friendly cellulose solvent, N-methylmorpholine-N-oxide (NMMO). The cellulose was separated by
precipitation, by adding water to the mixture solvent-cellulose. In this way, the recovered cellulose fibers are more
accessible to the hydrolyzing process by enzymes or bacteria. To obtain the ethanol, the cellulose was hydrolyzed
by cellulase enzymes, followed by fermentation, to produce the ethanol. The biogas was produced through

fermentation of the cellulose.

The separation of the polyester/viscose blended textiles was made for materials having the proportion 40/60

polyester/viscose. The polyesters resulted in fibers after treatment with NMMO solvent.

Another method for textile waste valorization is the production of biogas. Jeihanipour et al. (2013) tested
cotton/polyester and viscose/polyester fiber blends with no pre-treatment or milling 29, The textile waste (jeans)
was grounded and mixed with solvent, N-methylmorpholine-N-oxide (NMMO) to dissolve the cellulose. The steps
employed for cellulose recovery were described in a previous study 2. In the two-stage process, the lag phase was
shorter than in the single-phase CSTR. Comparing treated and untreated jeans textiles wastes, the semi-

continuous two-stage process can treat higher organic load rates.
The alkali and organic solvent treatment methods have several advantages compared with incineration:
allows fast and easy separation of natural and synthetic polymers from blended fibers;

the resulting cellulosic fibers are much shorter and therefore more degradable for further transformation in glucose,

ethanol, and biogas;
the reaction conditions are relatively mild (temperature below 100 °C and atmospheric pressure).

Treatment with NMMO solvent also allows the recovery of the solvent and its immediate use.
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Cellulose hydrolysis using concentrated acid (H,SO,) allows the production of hydrogen from cellulose hydrolysate
via subsequent fermentative process 2. Ouchi et al. (2010) developed a method consisting of acid treatment of an
uncut textile piece, followed by mechanical stirring, filtering, washing, and drying, to produce cellulose powder 121,
The recovery of sulphate ion from the hydrolysate was made by anionic exchange. The conversion of a towel to
glucose, and further to ethanol, was made by using microwave-assisted treatment of the towel impregnated in
concentrated sulfuric acid 22!,

To obtain a good conversion of recovered glucose in subsequent valuable products, the glucose yield in the
hydrolysate must be sufficiently high. It has been reported that a single-step acid hydrolysis (using sulfuric acid)
does not achieve a high glucose content. When using a two-step method, combining hydrolysis with concentrated

and diluted sulfuric acid, it was possible to get 90% glucose yield 141,

Yousef et al. (2020) used the nitric acid treatment to recover the cellulose contained in jeans waste 2. The dyes
are removed together with the spent acid that is regenerated with activated carbon. Polyester was dissolved and
separated from cotton, by using a green switchable hydrophilicity solvent. The polyester and the solvent were
regenerated by adding CO, to the solution. The solidified polyester is separated by filtration. The recycling rate of
the technology was more than 96% for jeans waste containing 84% (wt.) cotton and 16% (wt.) polyester 13, To
select the leaching media among the strong acid reagents (HNO3 or H,SO,), preliminary tests showed that the

nitric acid is leaching only the dye, while the sulfuric acid solubilizes all the components of the jeans waste L8171,

The major drawback when using concentrated acid pre-treatment is the necessity of acid recovery. In addition,
most of the studies are performed with textile waste that is pre-washed, dried, and cut, which cannot be done on a

large scale.

Kuo et al. (2014) found that pre-treatment of waste textiles with ortho-phosphoric acid resulted in an improved rate
of enzymatic hydrolysis, reducing the sugar yield 18 This is because the acid dissolves the crystalline cellulose
structure, which is resistant to enzymatic processes. When saccharification and fermentation steps are performed
simultaneously, the ethanol concentration is higher, and the process takes place in one single reactor. Dyed textile
waste did not show any inhibitory effect on the ethanol fermentation activity of Zymomonas mobilis. Phosphoric-
acid-pre-treated cellulose has been proven to have a higher initial hydrolysis rate and glucose yield 19, This
method was applied for cotton textile waste and for mixtures of 40/60 polyester/cotton textile waste. Furthermore,
the ortho-phosphoric acid is characterized by non-corrosivity and non-toxicity, being safer compared to NaOH,
H,S0,, or HNO3 (2921l The researchers optimized the hydrolysis conditions so that they could efficiently recover
100% of the polyester with a maximum sugar recovery of 79.2% (when using 85% phosphoric acid, 50 °C, 7 h,
ratio of 1:15) (29I,

Lopatina et al. (2021) used ionic liquids to prepare a cellulose-based ultrafiltration membrane from white cotton
waste 22, Zhong et al. (2020) used ionic liquid (IL) 1-butyl-3-methylimidazolium chloride ([Bmim]Cl) to extract wool
keratin. The extracted keratin was used to prepare a keratin/polyacrylonitrile (PAN) composite nanofibrous

membrane with good antibacterial effects and high moisture permeability (231, This method was also applied for the
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separation of blended natural and synthetic polymers. The polyester-cotton blended textiles were treated with ionic
liquid 1-allyl-3-methylimidazolium chloride (AmimCl). The recovered cellulose was transformed into transparent
cellulose films and high-purity polyester 24, |t was found that the cellulosic fibers extracted from textile cotton
waste have increased mechanical properties compared to cellulosic fibers produced from wood pulp. This is linked
to a higher degree of polymerization of waste cotton 22, The ionic liquid is recovered by washing the cellulose or

keratin with water.

Another aspect that must be considered when developing a plan for textile recycling is the removal of dyes.
Generally, the dyes used in the textile industry are synthetic organic colorants (e.g., azo dyes) with properties that
make them resistant to destruction by conventional treatment methods. For cellulose fibers, the following types of
dyes are used: reactive dyes, direct dyes, naphthol dyes, and indigo dyes; for protein fibers, acid dyes and Lanaset
dyes are used. Dispersed dyes, basic dyes, and direct dyes are used to dye synthetic fibers (28], The removal of
dyes needs to be done before the recovery stage. Even small concentrations of dyes in the water receptor affects
the environment, by their toxicity and by blocking both the penetration of light and oxygen transfer 24, The dyes
can be present in very low concentrations of 1 mg L™1 in the receptor waters, and they can enter the food chain
through aquatic organisms 28, Among the methods employed for the dyes’ removal, enzymatic degradation is
more effective 2239, Other parameters that affect the stability of dye complexes are temperature and acidity. The
results showed that yellow or orange chromium complex containing an aromatic carboxyl group could be easily
destroyed by either of them. The destruction of more stable black chromium complex is achieved by both heating

and acidification 311,

The sludge resulting after the treatment of textile waste contains Pb, Cd, Cr, and other toxic elements that can
leach into the environment 3283l Several studies have tested the efficiency of vermicomposting to reduce the
metal content of the sludge [B4I35I38I37I(38] The tests showed that, for the Eudrilus eugeniae, the bioaccumulation
preference was in the order: Zn = Fe > Mn = Cu > Cr = Pb = Cd. In addition, vermicomposting can be applied to
reduce the spread of fungal pathogens, inoculums, and so on B2, The resulting compost is suitable for use as a
soil supplement because the earthworms produce the humus essential in the crop growth. The main disadvantage
of the composting is the long time needed to transform the waste in compost, although the introduction of
earthworms accelerates the process. Abbas et al. (2013) applied composted waste textile (cotton), alone and in
combination with a commercial fertilizer, on sunflower crop. The highest significant improvement in plant growth
were obtained for soils treated with cotton waste compost and those treated with cotton waste compost plus

commercial fertilizer 49,

Araujo et al. (2007) tested the use of composted solid sludge from a textile mill in the growing of soybeans and
cowpeas. According to the researchers, the sludge was not harmful for the plant's growth. However, more studies

are necessary because of the short time scale of this one (up to 63 days after plant emergence) (411,

The application of hydrogel-based materials has been extended in the last years to the removal of heavy metals
from aqueous solutions 2243144 One of the applications of the extracted cellulosic solutions via hydrolysis with

NaOH is the adsorption of heavy metals from aqueous solutions 44, A double network hydrogel is synthesized via
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crosslinking of natural polymer with synthetic polymer (polyacrylamide). The cellulosic hydrolysate is treated with
KPS (potassium persulfate, which is the initiator) and crosslinked with MBA (N-methylene bis acrylamide). Different
guantities of epichlorohydrin were added to this solution to obtain several hydrogel materials. These materials were
tested in the retention of Cd, Cu, Pb, Zn, and Fe.

| 2. Thermal Treatment

Natural and synthetic polymers are a resource for recovering carbon. By using the tertiary recycling concept
(turning waste into a completely new product), the carbon contained in the textile waste can be recovered as a new
chemical substance. The pyrolysis process is the thermal decomposition of materials at high temperatures, in an
inert atmosphere, and it involves changes in chemical composition. In this way, textile waste can be transformed

after pyrolysis into three products: char, pyrolytic oil, and syngas. This method has been studied extensively in an
attempt to find an efficient method of recycling textile waste 43146147]148][49][501[51](52][53][54][55][56](571[58][59][60][611[62](63]

The mechanisms and the kinetics of cotton pyrolysis are well known [64163],

Another method studied for the reuse of textile waste is the synthesis of porous carbon through pyrolysis [E61671(68]
69 This method uses an additive: CaCO3, calcium acetate 89, or a natural source of CaCOj3 (such as oyster
shells) 9. At high temperature, CaCO3; decomposes to CaO, releasing the CO, and helping in the formation of the
microporous carbon structure. The pyrolysis process follows the next steps: (a) raising the temperature of the
material to be pyrolyzed using an external source; (b) initiation of pyrolysis reactions at high temperature; (c)

release of volatile compounds; (d) formation of residues containing carbon.

(1)30-300 °C: calcium acetate (CA) is dispersed on the surface of cotton polyester waste, and water contained by

CPW is evaporated.

(2)300-600 °C: CPW degradation to furans, sugars, ethylene, and aldehydes. At 400 °C, CA decomposes into
acetone and CaCOj;. Formation of aromatic structure through the cross-linking and cyclization reaction;

construct preliminary carbon skeleton of porous carbon.
(3)600-800 °C: CaCO3 decomposes into CaO and CO,, which helps in the formation of the mesoporous structure.
(4)CaO is washed by HCI solution, and porous carbon is obtained.

By changing the operating parameters (temperature, textile waste composition, residence time), the composition of
the pyrolysis gas (H, and CO) can be adjusted.

Another product that can be used after the pyrolysis is pyro-oil. Its composition can be improved by using catalysts
(catalytic pyrolysis) 8. ZnO was found to have the highest catalytic effect in the pyrolysis of mixed textiles, while
Fe,O3 had the highest catalytic effect in the process of char gasification. The waste textiles were cut into very small

pieces, with a particle size range of 0.8-1.2 mm, and the catalyst (single or composite) was loaded onto waste
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textiles. The major disadvantage of this method is the difficulty in pre-processing large quantities of textile materials
to be pyrolyzed ©ZI8],

Comparing non-catalytic and catalytic pyrolysis, to minimize the production of benzene derivatives and polycyclic

aromatic hydrocarbons, the addition of CO, leads to three-fold higher H, and eight-fold higher CO production 47,

Pyrolysis of flax textile waste can be used to produce, in a first step, furans, and further, monocyclic aromatic

hydrocarbons. Furans are produced by catalytic dehydration of cellulose and/or hemicellulose in biomass BZ472]
[z3),

Wang et al. (2018) studied the mechanisms of the catalytic fast pyrolysis of cellulose, cellobiose, and glucose in
the presence of the zeolite catalyst NaY to decrease the activation energies of cellulose, cellobiose, and glucose
B3l The contents of furans after cellulose, cellobiose, and glucose pyrolysis in the presence of NaY were more
than doubled (from 17.48%, 18.79%, and 28.77% to 46.71%, 52.11%, and 67.81%, respectively).

Catalytic degradation of flax waste (FW) to generate furans followed by Diels—Alder transformation to monocyclic
aromatic hydrocarbons over USY zeolite (Si/Al molar ratios of 5.3 and 11.0) resulted in a 5.5-fold increase in furans
production 3. Three types of waste were tested: polyethylene (PE), flax waste (FW), and polypropylene (PP). PE
co-fed with FW vyielded almost two times higher aromatic hydrocarbons than PP. The selectivity to aromatic
hydrocarbons was 81.6% for a mixture of 20% PE co-fed with 80% FW, in which benzene, toluene, and xylenes

(BTX) were predominant products, with a maximum selectivity of 68%.

Textile waste has low calorific value. One method to remedy this is co-pyrolysis of textile dyeing sludge with high-
calorific plastic waste (medical plastic wastes from syringes, medical bottles). Polyolefin plastics with high calorific

value and low ash content have an optimum pyrolysis temperature in the range of 400-550 °C 48],

Alongi et al. (2013) studied the synthesis of char from cotton, poly(ethylene terephthalate), and their blends by
thermal oxidative degradation. The researchers proposed two mechanisms for the transformation of cotton and
polyester, respectively (68l In the case of cellulose, its thermal decomposition takes place at temperatures ranging
from 300 to 400 °C through two concurrent steps: depolymerization and dehydration. The aliphatic structures
generated after dehydration are further transformed into aromatic structures at about 400-600 °C. In a first step,
the polyester undergoes chain scission, and at about 400-500 °C, it can either undergo depolymerization or

decompose into char. The obtained char is thermally stable up to temperatures of 800 °C.

The resulting product can be used either as an adsorbent material or as an additive to improve the properties of
clothing. Cay et al. (2020) investigated the use of textile waste-based biochar as additives, to improve clothing
performance by changing the surface properties of textile materials. Cotton, cotton/polyester, and acrylic textile
wastes were carbonized at low temperature, and the resulting products were applied to cotton by a printing

method. This gives a slight hydrophobicity to the material, by increasing the water spreading speed and radius.
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Therefore, the acceleration of moisture transfer and drying has been improved. In addition, it was found that the

resulting material has odor-masking properties (€8],

Torrefaction has also been studied as an alternative method to produce quality fuels from textile waste [Z4IZ3I76],
Torrefaction is a mild form of pyrolysis at temperatures in the range of 200-320 °C. The resulting product has a
lower moisture content and a higher heating value. The fuel characteristics of obtained biochar are comparable to
those of coal [8. The torrefaction temperature has a significant effect on biochar yield, while the fiber type
influences the energy densification ratio (ratio of the HHV of biochar to the HHV of raw waste textile) /4], Different
types of textile waste (natural, synthetic, and their blends: cotton/polyester, acrylic/wool, acrylic/polyester,
acrylic/viscose) were torrefied at temperatures in the range of 300—400 °C. The resulting material has low ash and
sulphur content 4. The 100% polyester fiber has high thermal stability, and is therefore not suitable for the
torrefaction process. Torrefaction of polyester-containing blends, however, produced energy-dense biochar.
Torrefied materials obtained from acrylic waste materials have properties similar to bituminous coal, while cellulosic
polyester-based biochars have a similar structure to lignite. The biochar obtained from acrylic materials has a high

nitrogen content (12—23 wt.%), which makes it unusable as a fuel.

Hydrothermal carbonization is also a thermochemical process used to pre-treat waste with high moisture content,
under hot compressed water. Subsequent treatment of the obtained product is required to achieve the final product
(e.g., activated carbon) [LAIEITABOIB1IBE2[E3]84]  Compared to a chemical treatment that uses strong reactants, in
hydrothermal carbonization, under the effect of the pressurized water, the polymers contained in the textile waste

are hydrolyzed and degraded into smaller molecules 2!,

Another advantage of hydrothermal carbonization as a pre-treatment for textile waste, besides allowing the
transformation of a waste into a valuable product, is the improvement of activation performance of the textile waste.
This, in turn, reduces the quantity of activation agent (FeCls, ZnCl,, KOH, CO,), which is needed in a subsequent
step. Among the cotton, polyester, and cotton/polyester blends subjected to hydrothermal carbonization, the cotton-
based ZnCl,-activated carbon exhibited the highest surface area (1906 m?2/(g), and an andoxytetracycline
adsorption capacity of 621.2 mg/g, whereas the polyester-based adsorbent had a lower surface area (554 m2/g)
and lower oxytetracycline adsorption performance 2. FeCl; was found to lower the initial processing temperature,
catalyze dehydration and decarboxylation, and facilitate the formation of furfural derivatives, which are
subsequently transformed into lignin structure 9.

Hydrothermal carbonization applied to solid waste containing textile waste has also been investigated. Wood,
paper, and food have been used to perform simple hydrothermal carbonization or co-hydrothermal carbonization
791 Synergistic effects have been reported during co-hydrothermal carbonization: negative synergistic effects
between textile, wood, and paper waste; positive synergistic effects between textile and food waste. Increasing the

oxygen content of hydrochars decreased the HHV.

Co-hydrothermal carbonization of cotton textile waste and polyvinyl chloride waste (PVC) was carried out to

recover the energy contained in the waste as an alternative solid fuel. During the thermal treatment of PVC, HCl is
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generated from the dechlorination process. HCI release allows the formation of the porous structure in the
hydrochars 82,

When using hydrochloric acid, it is possible to extract the cellulose in its crystalline form B8] Sheng et al. (2018)
studied the extraction of microcrystalline cellulose by the hydrothermal method and compared the extracted
product with a commercial one (Avicel PH101 microcrystalline cellulose). The microcrystalline cellulose was
extracted under hydrothermal conditions, in the presence of HCI: solid—liquid ratio 1:30, HCI concentration 0.6
mol/L, 150 °C 1],

Waste cotton textiles were subjected to hydrothermal pre-treatment at 240 °C-340 °C, to obtain bio-crude oil and
biochar B4, The optimum conditions (320 °C for 60 min) allowed the highest bio-crude oil fraction of 23.3%. The
obtained biochar has a rich carbon content (76.86%) and low oxygen content, and it can be used as an alternative
fuel. Furthermore, the biochar was evaluated as an electrocatalytic material with good results (the biochar
enhanced the conductivity of the electrode and improved the electrochemical surface area, which could speed up

charge transfer rate).

| 3. Enzymatic separation

Compared to the other methods presented above, enzymatic degradation allows the degradation process to
operate under mild conditions [EZIB8IEARA  Fyrthermore, enzymes are biodegradable, and therefore harmful
chemicals are replaced by materials that are easier to dispose of. Enzymes act as catalysts and, at the end of the
process, can be reused. Enzymatic degradation is specific to natural polymers, allowing the separation of natural

and synthetic polymers.

The separation of wool fibers from mixed wool and polyester fabrics by enzymatic digestion allowed the recovery of
keratin hydrolysate (obtained from wool) and polyester BZ. Analysis of polyester by scanning electron microscopy
showed that the enzymatic treatment had no significant change on the quality of recovered polyester fibers.
Enzymatic degradation can also be applied to blends of several natural fibers with polyester. For that, two types of
enzymes are used: protease, for the extraction of amino acids from wool components, and cellulases, for the
recovery of glucose from cotton fibers. The glucose resulting from the cotton fibers is subsequently converted into
ethanol, by fermentation with Saccharomyces cerevisiae 881,

References

1. Palme, A.; Peterson, A.; de la Motte, H.; Theliander, H.; Brelid, H. Development of an efficient
route for combined recycling of PET and cotton from mixed fabrics. Text. Cloth. Sustain. 2017, 3,
4.

https://encyclopedia.pub/entry/29139 8/15



Chemical Treatment for Textile Waste | Encyclopedia.pub

10.

11.

12.

13.

14.

15.

. Gholamzad, E.; Karimi, K.; Masoomi, M. Effective conversion of waste polyester—cotton textile to

ethanol and recovery of polyester by alkaline pretreatment. Chem. Eng. J. 2014, 253, 40-45.

. Mohsenzadeh, A.; Jeihanipour, A.; Karimi, K.; Taherzadeh, M.J. Alkali pretreatment of softwood

spruce and hardwood birch by NaOH/thiourea, NaOH/urea, NaOH/urea/thiourea, and NaOH/PEG
to improve ethanol and biogas production. J. Chem. Technol. Biotechnol. 2012, 87, 1209-1214.

. Wang, Y.; Zhao, Y.; Deng, Y. Effect of enzymatic treatment on cotton fiber dissolution in

NaOH/urea solution at cold temperature. Carbohydr. Polym. 2008, 72, 178-184.

. Wang, Y.; Deng, Y. The kinetics of cellulose dissolution in sodium hydroxide solution at low

temperatures. Biotechnol. Bioeng. 2008, 102, 1398-1405.

. Qi, H.; Yang, Q.; Zhang, L.; Liebert, T.; Heinze, T. The dissolution of cellulose in NaOH-based

agueous system by two-step process. Cellulose 2011, 18, 237-245.

. Hasanzadeh, E.; Mirmohamadsadeghi, S.; Keikhosro Karimi, K. Enhancing energy production

from waste textile by hydrolysis of synthetic parts. Fuel 2018, 218, 41-48.

. Zabaniotou, A.; Andreou, K. Development of alternative energy sources for GHG emissions

reduction in the textile industry by energy recovery from cotton ginning waste. J. Clean. Prod.
2010, 18, 784-790.

. Jeihanipour, A.; Karimi, K.; Niklasson, C.; Taherzadeh, M.J. A novel process for ethanol or biogas

production from cellulose in blended-fibers waste textiles. Waste Manag. 2010, 30, 2504—-2509.

Jeihanipour, A.; Aslanzadeh, S.; Rajendran, K.; Balasubramanian, G.; Taherzadeh, M.J. High-rate
biogas production from waste textiles using a two-stage process. Renew. Energy 2013, 52, 128—
135.

Chu, C.Y.; Wu, S.Y,; Tsai, C.Y.; Lin, C.Y. Kinetics of cotton cellulose hydrolysis using concentrated
acid and fermentative hydrogen production from hydrolysate. Int. J. Hydrog. Energy 2011, 36,
8743-8750.

Ouchi, A.; Toida, T.; Kumaresan, S.; Ando, W.; Kato, J. A new methodology to recycle polyester
from fabric blends with cellulose. Cellulose 2010, 17, 215-222.

Sasaki, C.; Nakagawa, T.; Asada, C.; Nakamura, Y. Microwave-Assisted Hydrolysis of Cotton
Waste to Glucose in Combination with the Concentrated Sulfuric Acid Impregnation Method.
Waste Biomass Valorization 2020, 11, 4279-4287.

Sanchis-Sebastia, M.; Ruuth, E.; Stigsson, L.; Galbe, M.; Wallberg, O. Novel sustainable
alternatives for the fashion industry: A method of chemically recycling waste textiles via acid
hydrolysis. Waste Manag. 2021, 121, 248-254.

Yousef, S.; Tatariants, M.; Tichonovas, M.; Kliucininkas, L.; Lukosiute, S.I.; Yan, L. Sustainable
green technology for recovery of cotton fibers and polyester from textile waste. J. Clean. Prod.

https://encyclopedia.pub/entry/29139 9/15



Chemical Treatment for Textile Waste | Encyclopedia.pub

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

2020, 254, 120078.

Yang, H.Y.; Li, X.J.; Tong, L.L.; Jin, Z.N.; Yin, L.; Chen, G.B. Leaching kinetics of selenium from
copper anode slimes by nitric acid-sulfuric acid mixture. Trans. Nonferrous Met. Soc. China 2018,
28, 186-192.

Yousef, S.; Tatariants, M.; Denafas, J.; Makarevicius, V.; Lukosiute, S.I.; Kruopiene, J.
Sustainable industrial technology for recovery of Al nanocrystals, Si micro-particles and Ag from
solar cell wafer production waste. Sol. Energy Mater. Sol. Cells. 2019, 191, 493-501.

Kuo, C.-H.; Lin, P.-J.; Wu, Y.-Q.; Ye, L.-Y,; Yang, D.-J.; Shieh, C.-J.; Lee, C.-K. Simultaneous
saccharification and fermentation of waste textiles for ethanol production. BioResources 2014, 9,
2866—2875.

Kuo, C.H.; Lee, C.K. Enhancement of enzymatic saccharification of cellulose by cellulose
dissolution pretreatments. Carbohydr. Polym. 2009, 77, 41-46.

Zhang, J.; Zhang, B.; Zhang, J.; Lin, L.; Liu, S.; Ouyang, P. Effect of phosphoric acid pretreatment
on enzymatic hydrolysis of microcrystalline cellulose. Biotechnol. Adv. 2010, 28, 613—-619.

Shen, F.; Xiao, W.; Lin, L.; Yang, G.; Zhang, Y.; Deng, S. Enzymatic saccharification coupling with
polyester recovery from cotton-based waste textiles by phosphoric acid pretreatment. Bioresour.
Technol. 2013, 130, 248-255.

Lopatina, A.; Anugwom, |.; Blot, H.; Sanchez Conde, A.; Manttari, M.; Kallioinen, M. Re-use of
waste cotton textile as an ultrafiltration membrane. J. Environ. Chem. Eng. 2021, 9, 105705.

Zhong, X.; Li, R.; Wang, Z.; Wang, W.; Yu, D. Eco-fabrication of antibacterial nanofibrous
membrane with high moisture permeability from wasted wool fabrics. Waste Manag. 2020, 102,
404-411.

Xia, G.; Han, W.; Xu, Z.; Zhang, J.; Kong, F.; Zhang, J.; Zhang, X.; Jia, F. Complete recycling and
valorization of waste textiles for value-added transparent films via an ionic liquid. J. Environ.
Chem. Eng. 2021, 9, 106182.

De Silva, R.; Byrne, N. Utilization of cotton waste for regenerated cellulose fibres: Influence of
degree of polymerization on mechanical properties. Carbohydr. Polym. 2017, 174, 89-94.

Pensupa, N.; Leu, S.Y.; Hu, Y.; Du, C.; Liu, H.; Jing, H.; Wang, H.; Sze Ki Lin, C. Recent Trends in
Sustainable Textile Waste Recycling Methods: Current Situation and Future Prospects. Top. Curr.
Chem. 2017, 375, 76.

Verma, A.K. Treatment of textile wastewaters by electrocoagulation employing Fe-Al composite
electrode. J. Water Process. Eng. 2017, 20, 168-172.

Sharma, J.; Sharma, S.; Soni, V. Classification and impact of synthetic textile dyes on Aquatic
Flora: Areview. Reg. Stud. Mar. Sci. 2021, 45, 101802.

https://encyclopedia.pub/entry/29139 10/15



Chemical Treatment for Textile Waste | Encyclopedia.pub

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Chacko, J.; Subramaniam, K. Enzymatic Degradation of Azo Dyes—A Review. Int. J. Environ. Sci.
2011, 1, 1250-1260.

Blanquez, A.; Rodriguez, J.; Brissos, V.; Mendes, S.; Martins, L.O.; Ball, A.S.; Arias, M.E.;
Hernandez, M. Decolorization and detoxification of textile dyes using a versatile Streptomyces
laccase-natural mediator system. Saudi J. Biol. Sci. 2019, 26, 913-920.

Zhao, G.; Li, M.; Hu, Z.; Hu, H. Dissociation and removal of complex chromium ions containing in
dye wastewaters. Sep. Purif. Technol. 2005, 43, 227-232.

Babu, B.R.; Parande, A.K.; Raghu, S.; Prem Kumar, T. An Overview of Wastes Produced during
Cotton Textile Processing and Effluent Treatment Methods. J. Cotton Sci. 2007, 11, 110-122.

Igbal, S.A.; Mahmud, I.; Quader, A.K.M.A. Textile sludge management by incineration technique.
Procedia Eng. 2014, 90, 686—691.

Garg, V.K.; Kaushik, P. Vermistabilization of textile mill sludge spiked with poultry droppings by an
epigeic earthworm Eisenia fetida. Bioresour. Technol. 2005, 96, 1063—-1071.

Garg, P.; Gupta, A.; Satya, S. Vermicomposting of different types of waste using Eisenia foetida: A
comparative study. Bioresour. Technol. 2006, 97, 391-395.

Kaushik, P.; Garg, V.K. Vermicomposting of mixed solid textile mill sludge and cow dung with the
epigeic earthworm Eisenia foetida. Bioresour. Technol. 2003, 90, 311-316.

Paul, S.; Goswami, L.; Pegu, R.; Bhattacharya, S.S. Vermiremediation of cotton textile sludge by
Eudrilus eugeniae: Insight into metal budgeting, chromium speciation, and humic substance
interactions. Bioresour. Technol. 2020, 314, 123753.

Garg, V.K.; Gupta, R.; Kaushik, P. Vermicomposting of solid textile mill sludge spiked with cow
dung and horse dung: A pilot-scale study. Int. J. Environ. Poll. 2009, 38, 385-396.

Mahitha, U.; Dhaarini, G.D.; Sabeena, M.A.; Shankar, C.; Kirubakaran, V. Fast Biodegradation of
Waste Cotton Fibres from Yarn Industry using Microbes. Procedia Environ. Sci. 2016, 35, 925—
929.

Abbas, T.; Nawab, B.; Nazli, R.; Saleem, R.; Lal, A.; Jamil, K. Efficacy of cotton waste compost
and fertinemakil fertilizer on the growth parameter of sunflower plants. Pakistan J. Agric. Res.
2013, 26, 54-58.

Araujo, A.S.F.; Monteiro, R.T.R.; Carvalho, E.M.S. Effect of composted textile sludge on growth,
nodulation and nitrogen fixation of soybean and cowpea. Bioresour. Technol. 2007, 98, 1028—
1032.

Xu, R.; Zhou, G.; Tang, Y.; Chu, L.; Liu, C.; Zeng, Z.; Luo, S. New double network hydrogel
adsorbent: Highly efficient removal of Cd(ll) and Mn(ll) ions in aqueous solution. Chem. Eng. J.
2015, 275, 179-188.

https://encyclopedia.pub/entry/29139 11/15



Chemical Treatment for Textile Waste | Encyclopedia.pub

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Ma, J.; Zhou, G.; Chu, L.; Liu, Y.; Liu, C.; Luo, S.; Wei, Y. Efficient Removal of Heavy Metal lons
with An EDTA Functionalized Chitosan/Polyacrylamide Double Network Hydrogel. ACS Sustain.
Chem. Eng. 2017, 5, 843-851.

Ma, J.; Liu, Y.; Ali, O.; Wei, Y.; Zhang, S.; Zhang, Y.; Cai, T.; Liu, C.; Luo, S. Fast adsorption of
heavy metal ions by waste cotton fabrics based double network hydrogel and influencing factors
insight. J. Hazard. Mater. 2018, 344, 1034-1042.

Athanasopoulos, P.; Panayiotou, A. Post-consumer textile thermochemical recycling to fuels and
biocarbon: A critical review. Sci. Total Environ. 2022, 834, 155387.

Ding, Z.; Liu, J.; Chen, H.; Huang, S.; Evrendilek, F.; He, Y.; Zheng, L. Co-pyrolysis performances,
synergistic mechanisms, and products of textile dyeing sludge and medical plastic wastes. Sci.
Total Environ. 2021, 799, 149397.

Kwon, D.; Yi, S.; Jung, S.; Kwon, E.E. Valorization of synthetic textile waste using CO2 as a raw
material in the catalytic pyrolysis process. Environ. Pollut. 2021, 268, 115916.

Miranda, R.; Sosa_Blanco, C.; Bustos-Martinez, D.; Vasile, C. Pyrolysis of textile wastes I.
Kinetics and yields. J. Anal. Appl. Pyrolysis 2007, 80, 489—-495.

Cigdem, B.C.; Ozbey, B.; Keskinler, B.; Dizge, N. Pyrolysis of commingled waste textile fibers in a
batch reactor: Analysis of the pyrolysis gases and solid product. Int. J. Green Energy 2017, 14,
289-294.

Xu, Z.; Yuan, Z.; Zhang, D.; Chen, W.; Huang, Y.; Zhang, T.; Tian, D.; Deng, H.; Zhou, Y.; Sun, Z.
Highly mesoporous activated carbon synthesized by pyrolysis of waste polyester textiles and
MgClI2: Physiochemical characteristics and pore-forming mechanism. J. Clean. Prod. 2018, 192,
453-461.

Krishna, B.B.; Biswas, B.; Jitendra Kumatr, J.; Singh, R.; Bhaskar, T. Role of Reaction
Temperature on Pyrolysis of Cotton Residue. Waste Biomass Valorization 2016, 7, 71-78.

Nahil, M.A.; Williams, P.T. Activated carbons from acrylic textile waste. J. Anal. Appl. Pyrolysis
2010, 89, 51-59.

Ozsin, G.; Putln, A.E. An investigation on pyrolysis of textile wastes: Kinetics, thermodynamics,
in-situ monitoring of evolved gasses and analysis of the char residue. J. Environ. Chem. Eng.
2022, 10, 107748.

Scheibe, A.S.; Pimenta de Arauijo, |.; Janssen, L.; Amabile de Campos, T.; de Paulo Matrtins, V.;
Vasques Mendonca, A.R.; Borges Valle, J.A.; Siqueira Curto Valle, R.C.; Guelli Ulson de Souza,
S.M.A.; Ulson de Souza, A.A. Products from pyrolysis textile sludge as a potential antibacterial
and alternative source of fuel oil. Clean. Eng. Technol. 2022, 6, 100408.

https://encyclopedia.pub/entry/29139 12/15



Chemical Treatment for Textile Waste | Encyclopedia.pub

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Wang, W.; Shi, Y.; Cui, Y.; Li, X. Catalytic fast pyrolysis of cellulose for increasing contents of
furans and aromatics in biofuel production. J. Anal. Appl. Pyrolysis 2018, 131, 93-100.

Wu, Y.; Wen, C.; Chen, X.; Jiang, G.; Liu, G.; Liu, D. Catalytic pyrolysis and gasification of waste
textile under carbon dioxide atmosphere with composite Zn-Fe catalyst. Fuel Process. Technol.
2017, 166, 115-123.

Xu, Z.; Sun, Z.; Zhou, Y.; Chen, W.; Zhang, T.; Huang, Y.; Zhang, D. Insights into the pyrolysis
behavior and adsorption properties of activated carbon from waste cotton textiles by FeClI3-
activation. Colloids Surf. A 2019, 582, 123934.

Yousef, S.; Eimontas, J.; Stritigas, N.; Tatariants, M.; Abdelnabyd, M.A.; Tuckutee, S.;
Kliucininkas, L. A sustainable bioenergy conversion strategy for textile waste with selfcatalysts
using mini-pyrolysis plant. Energy Convers. Manag. 2019, 196, 688—704.

Yousef, S.; Kalpokaite-Dickuviene, R.; Baltusnikas, A.; Pitak, I.; Lukosiute, S.I. A new strategy for
functionalization of char derived from pyrolysis of textile waste and its application as hybrid fillers
(CNTs/char and graphene/char) in cement industry. J. Clean. Prod. 2021, 314, 128058.

Yuan, Z.; Xu, Z.; Zhang, D.; Chen, W.; Huang, Y.; Zhang, T.; Danqi Tian, D.; Deng, H.; Zhou, Y.;
Sun, Z. Mesoporous activated carbons synthesized by pyrolysis of waste polyester textiles mixed
with Mg-containing compounds and their Cr(VI) adsorption. Colloids Surf. A 2018, 549, 86-93.

Yuan, Z.; Xu, Z.; Zhang, D.; Chen, W.; Zhang, T.; Huang, Y.; Gu, L.; Deng, H.; Tian, D. Box-
Behnken design approach towards optimization of activated carbon synthesized by co-pyrolysis of
waste polyester textiles and MgCI2. Appl. Surf. Sci. 2018, 427, 340-348.

Zhou, C.; Zhang, Y.; Liu, Y.; Deng, Z.; Li, X.; Wang, L.; Dai, J.; Song, Y.; Jiang, Z.; Qu, J.; et al.
Co-pyrolysis of textile dyeing sludge and red wood waste in a continuously operated auger
reactor under microwave irradiation. Energy 2021, 218, 119398.

Zou, H.; Huang, S.; Ren, M.; Liu, J.; Evrendilek, F.; Xie, W.; Zhang, G. Efficiency, by-product
valorization, and pollution control of co-pyrolysis of textile dyeing sludge and waste solid
adsorbents: Their atmosphere, temperature, and blend ratio dependencies. Sci. Total Environ.
2022, 819, 152923.

Chatterjee, P.K.; Conrad, C.M. Kinetics of the pyrolysis of cotton cellulose. Text. Res. J. 1996, 36,
487-494.

Faroq, A.A.; Price, D.; Milnes, G.J. Thermogravimetric analysis study of the mechanism of
pyrolysis of untreated and flame retardant treated cotton fabrics under a continuous flow of
nitrogen. Polym. Degrad. Stab. 1994, 44, 323-333.

Alongi, J.; Camino, G.; Malucelli, G. Heating rate effect on char yield from cotton, poly(ethylene
terephthalate) and blend fabrics. Carbohydr. Polym. 2013, 92, 1327-1334.

https://encyclopedia.pub/entry/29139 13/15



Chemical Treatment for Textile Waste | Encyclopedia.pub

67.

68.

69.

70.

71.

72.

73.

74.

75.

76.

17.

78.

79.

lllingworth, J.; Williams, P.T.; Rand, B. Characterization of biochar porosity from pyrolysis of
biomass flax fibre. J. Energy Inst. 2013, 86, 63—-70.

Cay, A.; Yanik, J.; Akduman, C.; Duman, G.; Hasan Ertas. Application of textile waste derived
biochars onto cotton fabric for improved performance and functional properties. J. Clean. Prod.
2020, 251, 119664.

Gu, S.; Wang, Y.; Zhang, D.; Xiong, M.; Gu, H.; Xu, Z. Utilization of porous carbon synthesized
with textile wastes via calcium acetate template for tetracycline removal: The role of template
agent and the formation mechanism. Chemosphere 2022, 289, 133148.

Gu, S.; Zhang, D.; Gao, Y.; Qi, R.; Chen, W.; Xu, Z. Fabrication of porous carbon derived from
cotton/polyester waste mixed with oyster shells: Pore-forming process and application for
tetracycline removal. Chemosphere 2021, 270, 129483.

Lin, Y.C.; Cho, J.; Tompsett, G.A.; Westmoreland, P.R.; Huber, G.W. Kinetics and Mechanism of
Cellulose Pyrolysis. J. Phys. Chem. C 2009, 113, 20097-20107.

Deng, F.; Amarasekara, A.S. Catalytic upgrading of biomass derived furans. Ind. Crops Prod.
2021, 159, 113055.

Wang, J.; Jiang, J.; Ding, J.; Wang, X.; Sun, Y.; Ruan, R.; Ragauskas, A.J.; Ok, Y.S.; Tsang,
D.C.W. Promoting Diels-Alder reactions to produce bio-BTX: Co-aromatization of textile waste
and plastic waste over USY zeolite. J. Clean. Prod. 2021, 314, 127966.

Hanoglu, A.; Cay, A.; Yanik, J. Production of biochars from textile fibres through torrefaction and
their characterization. Energy 2019, 166, 664—673.

Rago, Y.P.; Surroop, D.; Mohee, R. Torrefaction of textile waste for production of energy-dense
biochar using mass loss as a synthetic indicator. J. Environ. Chem. Eng. 2018, 6, 811-822.

Chen, D.; Gao, A.; Cen, K.; Zhang, J.; Cao, X.; Ma, Z. Investigation of biomass torrefaction based
on three major components: Hemicellulose, cellulose, and lignin. Energy Convers. Manag. 2018,
169, 228-237.

Duman, G. Preparation of novel porous carbon from hydrothermal pretreated textile wastes:
Effects of textile type and activation agent on structural and adsorptive properties. J. Water
Process. Eng. 2021, 43, 102286.

Gan, L.; Zhu, J.; Lv, L. Cellulose hydrolysis catalyzed by highly acidic lignin derived carbonaceous
catalyst synthesized via hydrothermal carbonization. Cellulose 2017, 24, 5327-5339.

Lin, Y.; Ge, Y.; Xiao, H.; He, Q.; Wang, W.; Chen, B. Investigation of hydrothermal co-
carbonization of waste textile with waste wood, waste paper and waste food from typical
municipal solid wastes. Energy 2020, 210, 118606.

https://encyclopedia.pub/entry/29139 14/15



Chemical Treatment for Textile Waste | Encyclopedia.pub

80. Qi, R.; Xu, Z.; Zhou, Y.; Zhang, D.; Sun, Z.; Chen, W.; Xiong, M. Clean solid fuel produced from
cotton textiles waste through hydrothermal carbonization with FeCI3: Upgrading the fuel quality
and combustion characteristics. Energy 2021, 214, 118926.

81. Sheng, S.; Meiling, Z.; Chen, L.; Wensheng, H.; Zhifeng, Y. Extraction and characterization of
microcrystalline cellulose from waste cotton fabrics via hydrothermal method. Waste Manag.
2018, 82, 139-146.

82. Xu, Z.; Qi, R.; Zhang, D.; Gao, Y.; Xiong, M.; Chen, W. Co-hydrothermal carbonization of cotton
textile waste and polyvinyl chloride waste for the production of solid fuel: Interaction mechanisms
and combustion behaviors. J. Clean. Prod. 2021, 316, 128306.

83. Xu, Z.; Qi, R.; Xiong, M.; Zhang, D.; Gu, H.; Chen, W. Conversion of cotton textile waste to clean
solid fuel via surfactant-assisted hydrothermal carbonization: Mechanisms and combustion
behaviors. Bioresour. Technol. 2021, 321, 124450.

84. Zhao, Y.; Chen, W.; Liu, F.; Zhao, P. Hydrothermal pretreatment of cotton textile wastes: Biofuel
characteristics and biochar electrocatalytic performance. Fuel 2022, 316, 123327.

85. Toor, S.S.; Rosendahl, L.; Rudolf, A. Hydrothermal liquefaction of biomass: A review of subcritical
water technologies. Energy 2011, 36, 2328—-2342.

86. Yu, H.; Qin, Z.; Liang, B.; Liu, N.; Zhoub, Z.; Chen, L. Facile extraction of thermally stable
cellulose nanocrystals with a high yield of 93% through hydrochloric acid hydrolysis under
hydrothermal conditions. J. Mater. Chem. A 2013, 12, 3938-3944.

87. Navone, L.; Moffitt, K.; Hansen, K.A.; Blinco, J.; Payne, A.; Speight, R. Closing the textile loop:
Enzymatic fibre separation and recycling of wool/polyester fabric blends. Waste Manag. 2020,
102, 149-160.

88. Quatrtinello, F.; Vecchiato, S.; Weinberger, S.; Kremenser, K.; Skopek, L.; Pellis, A.; Guebitz, G.M.
Highly Selective Enzymatic Recovery of Building Blocks from Wool-Cotton-Polyester Textile
Waste Blends. Polymers 2018, 10, 1107.

89. Tavcer, P.F. Effects of Cellulase Enzyme Treatment on the Properties of Cotton Terry Fabrics.
Fibres Text. East. Eur. 2013, 21, 100-106.

90. Shah, S.R. Chemistry and Applications of Cellulase in Textile Wet Processing. Res. J. Eng. Sci.
2013, 2, 1-5.
Retrieved from https://encyclopedia.pub/entry/history/show/70609

https://encyclopedia.pub/entry/29139 15/15



