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Abstract. The environmental crisis of textile waste in the globe has increased due to the growth of fashion show, industrialization, and 

demand increment. Despite the Huge amount of textile waste its utilization has not been performed yet except for a little investigation. 

The present work emphasized the mechanical and permeability character of polymer synthesis of TGGA composites(textile waste, 

gelatin, glycerol, and acetic acid), fixed at 15% w/w of gelatin, 7 ml glycerol, 6 ml acetic acid through the 2.5% w/w, 5% w/w, and 

7%w/w of the amount of cellulose waste. Thereby, the tensile strength of TGGA-2 composite showed higher than TGGA-1 and 

TGGA-3, due to uniformity distribution of the amount of the textile cellulosic waste. Nonetheless, the elongation at break and water 

vapor permeability were decreased with the increased amount of the textile waste. Morphological structure of the synthesized 

composites such as cotton fibers and matrices were visible, rough and non-void area in all the samples. Besides, incorporation of the 

plasticizing agents confirmed that the TGGA – composites displayed better extensibility and flexibility compared to non-plasticizing 

composite films currently reported in the literature. Importantly, the produced composites exhibited a functionality equivalent with 

original packaging materials, which were convectional and natural polymers. 
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Introduction 

Currently, the effect of solid waste on the  
environment has been escalating around the globe 
due to the high growth of fashion shows, industri-
alization, and demand increments. Parallel to this, 
Environmental concerns about the impact of petro-
chemical plastics, such as their non-biodegradability, 
non-recyclability, and finding well disposal methods 
are current art of research [1]. What’s more, solid 
management, the resource Valorization, are crucial 
for making the environment green and safe, partic-
ularly for textile wastes. Coherently, methane gas 
is released during the decay of textile wastes in the 
environment in addition to multiple dyes and chem-
icals in the textile waste contaminated with soil, 
which decrease soil fertility and cause greenhouse 
gasses [2]. Jointly, green composites are the current 
and future alternative to traditional plastics, be-
cause they could be used in food packaging  
applications and act as eco-friendly. 

Organic fabric materials are the vital ingre-
dients in polymer and composite synthesis, which 
serve as reinforcement and can cause high mechanical 
strength and low barrier properties. The textile 
wastes (T-shirts), which are highly cellulosic can 
be utilized for composites extensions. Despite the 
huge availability of cellulosic textile wastes, their 
utilization is not well developed yet. Likewise, there  

is a dearth of scientific data regarding the incorpo-
ration of plasticizing materials (s) with textile wastes. 
As a reinforcement, other textile wastes like denim wastes 
are examined with polypropylene (PP) [3, 4], polypro-
pylene, and polyethylene (PP/PE) [5] in packaging 
applications through hot press process and in struc-
tural application utilized with bio-resins [6] by com-
pression molding, used in furniture materials 
through the non-woven needle-punching process [7]. 
Furthermore, the application of denim waste used 
as adsorbent in water defluorination [8], in composite 
films[9], and in food packaging application with 
corn starch has been investigated [10]. 

The Gist-purpose of this research is that Tex-
tile (T-shirt) waste fabric was utilized into polymer 
composites made using the blending polymeriza-
tion technique, which combined with gelatin,  
glycerin, and acetic acid. These could be used instead 
of some selective convectional-based products  
in food packaging applications, as well as reduce 
the amount of textile (T-shirt) wastes that have  
a high environmental crisis. 

Material and methods 

Textile (T-shirt) waste (100% cotton), gelatin 
(100%), glycerin (100%), and acetic acid (9% v/v) 
were used for the development of the polymer com-
posite solutions. 

Firstly, the Textile (T-shirt) waste was 
chopped into chunks. 100% cotton fiber used as  
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a source of cellulosic reinforcement and gelatin used 
as matrix, glycerin for plasticizer and antimicrobial 
properties, and acetic acid for esterification pur-
poses were collectively introduced and mixed into 
120ml DI water solution. With 2.5% w/w, 5% w/w, 
and 7% w/w of textile cellulose waste and 15% w/w  
of gelatin at 7 ml of glycerin and 6 ml of acetic acid 
were investigated respectively. These solutions 
were polymerized thoroughly in a hotplate at a tem-
perature of 90.2 ± 3 °C and 25 minutes of blending 
time. The Textile cellulose waste (TC), gelatin (G), 
glycerin(G), and acetic acid (AA) samples were 
symbolized by TGGA composites, and TGGA-1, 
TGGA-2, and TGGA-3, represented for the above 
composition of the Textile cellulose waste respec-
tively. The gelatinized solutions were cast in rec-
tangular glass plates and dried in the open air for 
48 hours for characterization. 

Table 1. 
Combination of polymer composite disposed  

in this investigation 

Sample 
No 

Textile  
(T-shirt)  

waste % (w/w) 

Gelatin  
% (w/w) 

Glycerin 
% (v/v) 

Acetic 
acid  

% (v/v) 
TGGA-1 2,5 15 7 6 
TGGA-2 5 15 7 6 
TGGA-3 7 15 7 6 

 

The thickness of the samples was complied 
with in a micrometer (KM, serial no, 10197–624886, 
Moscow, Russia) helps to determine the apparent 
density of the samples by dividing the mass per area 
and thickness of samples. The average thickness and 
density of the samples were presented by seven repli-
cated slices that were tried out. The apparent density 
was determined through the following equation 

 
m

d
thickness area




  (1) 

where thickness and area represent, mass, thickness 

and area of the sample measured by g, µm, and сm2, 

separately. 

The stretching of the samples was tasted 

through the breaking machine (DM-50, Russia), and 

three replicated slices were recorded. The maximum 

load, relative elongation at break, and tensile strength 

of the samples were determined by calculating the 

average and standard deviation of the slices. 

The water vapor permeability of the composite 

film was calculated by GOST 25898–2012. 

Permeability was carried out every 48 hours for 

eight days. The WVP was calculated by formula (2): 

 10 1 1 110( )
m d

WVP g m Pa h
A t p

     
   

 
 (2) 

where Δm (g) is the difference in weight (mass loss) 

when weighing after two days, and the beginning 

of the experiment, d is the film thickness (mm),  

Δt is the residence time of the sample (h), and A is 

the sample area (Approximately equal to the bottle 

opening area) (сm2), and p is the partial vapor pressure 

difference between the two sides of the films at 

room temperature and it is relatively equal to 4247 

Pa and 100% relative humidity. 

The morphological structure of the slices was 

conformed to the scanning microscope (Art. No.52–0100, 

LCD Microscope, v5.0, Gutenbergstr.2–46414 Rhede, 

Germany). 

 

 
(a) (b) (c) 

Figure 1. Photograph of Textile waste, Gelatin, glycerol and acetic acid composites ((a) TGGA-1, (b) TGGA-2, and (c) 

TGGA-3) samples 

 

Result and discussions 

The thickness of the TGGA composites  

is calculated between the composite film surfaces, 

it indicates for forecast of the packaging shelf life 

of the food products. Further, it helps to predict  

the physio-mechanical properties such as tensile 

strength, elongation at break, and vapor permeabil-

ity of the composites[11]. The additives such  

as glycerol and acetic acid as well as the  

operating parameters such as temperature, time, 

and the concentration of the raw materials highly 

affects the thickness of the films [12]. 
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Table 2. 

Thickness and density of TGGA composites 

Sample No Thickness 
(mm) 

Density 
(g/сm3) 

References 

TGGA-1 0.145 ± 0.119а 0.269 ± 0.044а 

This study TGGA-2 0.437 ± 0.157b 0.416 ± 0.096b 

TGGA-3 0.619 ± 0.169с 0.876 ± 0.141с 

 

The thickness of the TGGA-2 and TGGA-3 

composite show thicker than the TGGA-1 compo-

site. This is due to the high amount of dry solids 

presented in the composites. It enhanced the high 

loss of strength in the TGGA composites[12]. Not 

only the strength but also the water vapor permea-

bility of the TGGA composites is affected by the 

thickness. Besides, the thickness of the composites 

also identifies their water affinity, compatibility, 

structure, and free volume between molecules in 

the synthesized composite samples [13]. 

 

Table 3. 

Textile waste and gelatin (TGGA) composites  

Samples 
Tensile  

strength (МРа) 
Maximum  
load (N) 

Elongation  
at break (%) references 

TGGA-1 5.11 ± 0.6 21.98 ± 1.9 12.63 ± 3.3 
Present 
study 

TGGA-2 26.42 ± 4.6 76.1 ± 9.3 12.48 ± 1.8 

TGGA-3 11.81 ± 0.5 54.95 ± 2.6 16.73 ± 1.8 

 

The mechanical performance of the composite 

samples is measured in terms of the tensile strength (TS) 

and elongation at break (EB). The maximum strength 

of the composite at break nominates the TS, 

whereas the deformation of the film until it breaks 

is measured by elongation. To be more resistance 

and more selective of the film, the response variable 

(TS and EB) must be higher in values [14]. The physical 

and mechanical properties of the produced composite 

are represented in Table 2. The three composites 

(TGGA-1, TGGA-2, and TGGA-3) rеvеаеdl an  

excellent tensile property as different references  

reported in the literature. However, the tensile 

strength (TS) of the TGGA-composites varies with 

the amount of cellulose. The TGGA-2 composite 

(26.42 ± 4.6 МРа) shows higher TS of the TGGA-1 

(5.11 ± 0.6МРа) and TGGA-3(11.81 ± 0.5МРа) 

composites, this may be due to the uniformity of fiber 

distribution of the cellulose particle with the gelatin 

and glycerol and acetic acid during the development of 

the polymer composite. All in one, the TS of TGGA 

composites mended equivalent to gelatin/chitosan 

(7.44–11.28МРа) [15], gelatin/MMT nano-particles 

(3.9–10.9МРа [16], and gelatin/chitosan nano-particles/ 

oregano essential oil (3.28–10.57МРа) [17]. Even 

if the TGGA composites (specifically the TGGA-2) 

shows to a comparable to conventional plastics such as 

polypropylene and textile waste (22–32 МРа) [3] 

and resin (15–55 МРа) [18]. However, it is lower 

than polylactic acid (~60–75 МРа) [19], Gelatin 

type A/melanin NРs (33.6–46.5МРа) [20], gelatin/MMT 

nanoparticles/nano-cellulose (32–75МРа) [21]. 

Further, elongation of the TGGA composites 

exabits higher than the starch-cellulose-based com-

posites (4.0 ± 0.6%)[10], this is due to the plasti-

cizer components (such as glycerol and acetic acid) 

that added during the development of the composite. 

The effect of the acetic acid and glycerol could en-

hance the elongation at the break of the compo-

sites [22, 23]. Particularly, the addition of acetic acid 

and glycerol in the polymerization of the cellulose-

based materials causes lowering rigorousness, glass 

transition temperature, and increasing their elonga-

tion at break and augmenting the longevity, and 

compatibility of the composites [22, 24].But,  

elongation at break of the pure form of the Bovine 

gelatin from Bone (70.50%) [25], Chicken feet 

(33.97%)[26], and Chicken skin (265. 67%) [27] 

comparably, higher than the TGGA composites. 

The water vapor permeability (WVP) of the 

TGGA composites is presented in Figure 2. The WVP 

can be affected by the concentration of plasticizing 

agents and the structure of the materials. The WVP 

of the TGGA composites highly relayed in the amount 

of the cellulose amount. It enhances the mechanical 

properties, lowers the water uptake ratio, moisture 

content, water vapor permeability, and tensile 

strength, and increases the elongation at break [24]. 

Additionally, adding of glycerol in development of 

cellulose based films can increase the EA from 6.9 

to 25.4% as reported in literature [28]. Instead,  

it (glycerol) decreases the barrier properties by  

intercepting the hydrogen bond between the nano 

cellulose chains, facilitating the permeability of the 

gas molecules [29]. Therefore, a new trend should 

be set about the addition of glycerol between good 

plasticizing efficiency and weak gas barrier nature. 

The shelf-life and quality of produced com-

posite samples highly fluctuated with the thickness 

and the WVP. The WVP must be lowered to obtain 

excellent films. Side reactions (oxidation) and high 

microbial growth are amended due to the exalt of the 

WVP of the produced composites [30]. The WVP 

of the TGGA composites elaborated according  

to the current reports from the literature of Bovine 

gelatin from Bone (1.5×10–7)[25], Chicken feet 

(1.17×10– 10) [26], and Chicken skin (2.7×10–10) [27] 

composites. Overall, the WVP of TGGA composites 

afforded with the amount of the cellulose inversely 

relation. In all of the TGGA composite samples 

showed that when the residence time increased,  

the WVP of the samples decreased. In comparison, 

the WVP of TGGA-1 sample in 48, 96, 144 and 

192 hrs is 7.66, 22, 63.48, and 96.5%, which 

showed higher than of the TGGA-2 (4.13%, 17.13%, 
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18.85% and 17.95%) and TGGA-3 (4.54%, 18.56%, 

16.45%, and 15.95%) composite samples respec-

tively. This is due to the thickness matter of the 

synthesized composites. The thicker material can 

block or restrict the vapor permeability compared 

to the thinner[10]. Therefore, the greater amount  

of cellulose and thickness in the film can decrease 

the WVP of the TGGA composites. 

 

Figure 2. Water vapor permeability of the TCGA 

composites 
 

The morphological image of the TGGA 

composites is presented in Figure 3. The magnifi-

cation level of the microscope is 4х and 10х.  

The surface of the produced composites is highly 

and directly affected by the concentration, structure 

and particle size of the chunk cellulosic waste  

materials. The cotton fibers and matrices are visible 

in all the samples; however, more fiber and thick 

matrices are shown in the highest amount of the 

cellulose (7% w/w) in both 4х and 10х levels of 

magnification. More fibrous and matrix structure 

of the highest concentration is shown in the higher 

resolution of the microscope (10х). Further, all the 

samples displayed roughness, but there was no visible 

void area showed. The surface of the composites 

showed two color types such as black and white. 

The black image of the TGGA composites elabo-

rated the cotton fiber of the cellulose textile waste, 

nevertheless, the white color shows the gelatin material. 

Besides, the morphological image of the composite 

samples is not uniform, this is due to the non-uniform 

particle size of the chunk cellulosic textile waste used 

during the raw material preparation. In addition  

to that, the low viscosity and unequal size of particle 

size are the main causes for the fibrous and non-uni-

form structure of the produced composite samples. 

The dense (edge of the samples) of the composite 

samples concentrated on one side of the sample, 

particularly at the bottom this happened during  

the casting because of the low viscosity. 

 

Figure 3. The morphological image of TGGA composites 

 

Conclusions 

A polymer composites (cellulosic textile 

waste, gelatin, glycerol, and acetic acid) were pro-

duced in this investigation. The study was fixed at 

15% w/w of gelatin, 7 ml glycerol, and 6 ml acetic 

acid through the 2.5% w/w, 5% w/w, and 7%w/w 

of the textile cellulose waste. The Valorization  

of the textile waste for gelatin composite is still  

underdeveloped. The thickness, morphological struc-

ture, tensile strength, and water vapor permeability 

of the textile waste / gelatin/glycerol / acetic acid 

were examined. The morphological surface of the 

composites was highly concerned by the concen-

tration of the textile waste. More fibrous and matrix 
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structure of TGGA-2 and TGGA-3 composite shows 

in the higher resolution of the microscope (10х). 

Further, all the samples are displayed roughness, 

but there is no visible void area showed. The syn-

thesized composites have shown good tensile strength, 

elongation rate, and water vapor preamble. The higher 

concentration of cellulose in the composite material 

enhanced lower tensile strength and elongation  

at break and it can be balanced by addition of the 

glycerol and acetic acid. All in one, the tensile 

strength, elongation at break, and water vapor per-

meability of the TGGA composites pointed out the 

feasible of the TGGA composites in the food pack-

aging industry. At the last, this way of investigation 

is also a good trend for green economy policy, because 

it tries to emphasize waste recycling and minimiza-

tion of solid environmental pollution. 
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Валоризация и характеристика физико-механических свойств 

текстильных отходов для полимерных композитов 
Аннотация. Экологический кризис текстильных отходов в мире усилился из-за роста модных показов, индустриализации и 

увеличения спроса. Несмотря на огромное количество текстильных отходов, их утилизация пока не проводилась, за 

исключением небольшого исследования. В настоящей работе подчеркнут механический и проницаемый характер синтеза 

полимеров ТГГА-композитов (отходы текстильной промышленности, желатин, глицерин и уксусная кислота), 

фиксированных при 15% мас. желатина, 7 мл глицерина, 6 мл уксусной кислоты через 2,5% раствор. по весу, 5% по весу и 

7% по весу от количества отходов целлюлозы. Таким образом, прочность на разрыв композита TGGA 2 оказалась выше, чем 

у TGGA 1 и TGGA 3, благодаря равномерному распределению количества отходов текстильной целлюлозы. Тем не менее, 

удлинение при разрыве и паропроницаемость уменьшались с увеличением количества текстильных отходов. 

Морфологическая структура синтезированных композитов, таких как хлопковые волокна и матрицы, имела видимую, 

шероховатую и непустотную область во всех образцах. Кроме того, введение пластификаторов подтвердило, что композиты 

TGGA демонстрируют лучшую растяжимость и гибкость по сравнению с непластифицирующими композитными пленками, 

о которых в настоящее время сообщается в литературе. Важно отметить, что полученные композиты по функциональности 

эквивалентны оригинальным упаковочным материалам, представляющим собой конвекционные и природные полимеры. 

Ключевые слова: текстильные отходы, желатин, композиты, глицерин, физико-механические свойства, валоризация. 
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