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The concepts of industrial waste materials, environmental pollution, and 

raw material requirement are related to each other, and one is both the 

result and solution of the other. In this study, sulfuric acid hydrolyzed 

cellulose separated from textile waste products was used to obtain 

composites with poly(vinylidene fluoride). The interaction of polymer 

and cellulose was confirmed by FT-IR and XRD analysis. The surface 

area and properties of composites were analyzed by SEM imaging and 

BET techniques respectively. The dye removal performance of 

hydrolyzed cellulose contained poly(vinylidene fluoride) composite was 

investigated from an aqueous solution. Both analysis and adsorption 

results showed that 50% hydrolyzed cellulose and 50% poly(vinylidene 

fluoride) mixed well and resulted in convenient composite material with a 

15.83 m2/g surface area. While 75% hydrolyzed cellulose containing sample showed low physical strength, 76.37 mg.g-1 dye removal 

capacity was recorded at pH 7.5 for 50% hydrolyzed cellulose - poly(vinylidene fluoride) composite. New kinds of composite 

material have been developed and tested for water remediation by reusing textile wastes with recycling. 
 

 
INTRODUCTION

*
  

 Regeneration of waste materials became a vital 

issue worldwide in the context of keeping under 

control the carbon releasing rate into the 

atmosphere. Cellulose is an eco-friend material 

thanks to its large amount on earth, biodegradabil-

ity-biocompatibility, and reusability. The well-

known cellulosic sources consist of many kinds of 

wood and plant-based biomass with bacterial 

cellulose mainly. Although it seems unlimited, 

cellulose sources may also run out if they were not 

handled properly. The concern about the 

regeneration of used cellulosic sources increased. 

Nano cellulose (NC) was obtained from the 
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viscose yarn waste by a simple acid hydrolyze 

method without pretreatment.
1
 The particles which 

have 42 nm average pore size, and 87% 

crystallinity were obtained. Cellulose nanocrystals 

(CNC) were separated by 50, 60 and 64% 

concentrated acid hydrolyze at 60-75 min. of 

alkaline treated cotton waste.
2
 Higher crystal 

structured nano cellulose with 177 nm long was 

obtained from the raw cotton source.
3
 It was 

reported that the hydrophilicity of obtained 

cellulose samples increased whereas thermal 

stability of samples decreased. Soy hulls, cotton 

linter, cotton wool, and mercerized textile waste 

are the other cellulose sources for the obtaining of 

recycled nano cellulose crystals with acid 
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hydrolyze and 2,2,6,6-tetramethyl piperidinyloxy 
(TEMPO) oxidation methods.

4–8
 The facile and 

one-step extraction method of nano-micro 
cellulose encouraged the applications of cellulose. 
Antibacterial Ag containing poly lactic acid (PLA) 
matrix was synthesized by cellulose support with a 
1% mass ratio.

9
 Cellulose nanocrystals obtained by 

acidic hydrolyzing of cellulose membrane were 
added to poly(vinylidene fluoride) (PVDF) 
filtration membrane to improve the antifouling 
effect.

10
 Hydrophilic NC additive enhanced the 

permeability and antifouling properties of the 
membrane by optimizing the microstructure. An 
effective oil/water separator dual-layered and 
hydrophobic-hydrophilic coated PVDF copolymer 
with hexafluoropropylene membrane (PVDF-HFP-
PVDF-HFP-CNC) was prepared by using CNC 
additives.

11–13
 On the other hand with the addition 

of NCC (nano cellulose crystals), reinforced and 
electrochemically improved separation membranes 
were successfully synthesized for Li-ion 
batteries.

14
 PVDF, phosphate, and cellulose acetate 

combination presented improved electrochemical 
performance with porous and flame retardant 
property.

15
 Cellulose in micro or nano form is 

preferred as an effective additive on functional 
materials such as drug carriers, filtration, and 
phase separation membranes to set desired 
microstructure, pore size, and distribution, thermal 
and mechanical resistance with other specific 
properties.

16
 Besides, sensors, packaging, medical 

equipment, health applications, cosmetics, flexible 
electronics, photovoltaics and 3D printings are 
some other applications in which cellulose was 
used as an additive in the composite or its raw 
form.

17,18
 Crystal cellulose provides practical 

application opportunities thanks to its functional 
hydroxyl and carbonyl groups which interact with 
targeted ions or molecules in the aqueous area. All-
Cellulose (product name in the mentioned study), 
cellulose-containing layered membranes, TEMPO-
oxidized cellulose membranes were used for the 
Au(II), Co(II), Fe(III) and dye adsorption.

19
 All-

cellulose  membrane provided the highest metal 
removal, high catalytic hydrogenation of 
rhodamine-B (RhB) however low methylene blue 
(MB) hydrogenation. For tellurium removal, zinc 
containing self-cross linked ZIF-L-SC cellulose 
membrane was used.

20
 Cellulose-based temperature 

sensitivity molecular imprinted hydrogel compos-
ite was performed for specific recognition and 
enrichment of paclitaxel.

21
 Uranium adsorption 

was achieved from simulated seawaters with 
amidoxime modified polyacrylonitrile (PAN) 
grafted cellulose fiber membranes successfully.

22
 

Cellulose-based composites are promising candi-
date for obtaining efficient dye and cation 
adsorption and filtration systems. There are lots of 
adsorption materials and applications for water 
treatment in the literature. However low cost, easy 
to obtain, and likely to be high performance 
adsorbents are the most preferred ones. In this 
study, we aimed to prepare low-cost adsorbent 
material from recycling of textile waste. We 
investigated the adsorption performance of textile 
waste-based hydrolyzed cellulose (hc)-PVDF 
composites (hc-P). The effect of hc and PVDF 
ratio on the composite structure were investigated. 
The optimal combination was determined by 
analyzing the crystal structure, functional groups, 
and surface properties with XRD, FT-IR, BET, and 
SEM investigations. Dye adsorption experiments 
were conducted in the batch systems under 
different temperatures and adsorbent amounts. The 
hc obtaining procedure, hc-P composite prepara-
tion, and their dye removal performances were 
investigated. 

RESULTS AND DISCUSSION 

Characterization of composites 

 The 50hc-P composite which consists of 50% 
hc and 50% PVDF was identified as the optimal 
composition having the most hc content and 
showing good physical and adsorption perform-
ance. The choosing criteria of the sample was 
determined in terms of the hc% ratio with high 
physical durability and SEM, FT-IR, BET 
characterization results. With 100% hc composite, 
it was aimed to prepare an adsorbent from 
completely recycled material, which does not 
require any other chemicals in the synthesis phase. 
But without a binder 100% hc composite could not 
be obtained. On the other hand, the 75hc-P 
composite could not be reused as an adsorbent due 
to its very low physical strength. Therefore, the 
reusability of only 50hc-P for dye adsorption was 
investigated. 
 The X-ray diffraction patterns of bare PVDF 
and hc-P composites are shown in Figure 1. 
Characteristic 2θ=18.58, 20.21, 27.2 peaks corre-

sponding to the -phase of PVDF were observed at 
all diffractograms. The clear peak of 50hc-P at 
22.7 with the peaks at the range of 14-17 represent 
characteristic cellulose structure.

5
 These sharp 

peaks point out well crystallinity of hydrolyzed 
cellulose because of the removal of the amorphous 
structure by acid treatment. Sufficient interaction 
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of PVDF and hc could be understood from 
presence of main PVDF peaks on the composite 
structure. The intensity of 27.2 peak decreased 
while new peak emerged at 34.5. That was 
attributed to cellulose crystal and new mixed 
crystal formations. Composites were analyzed by 
FT-IR to investigate molecular interaction of 

functional groups. Asymmetric and symmetric CH2 
vibrations of PVDF were observed at 3024 and 
2982 cm

-1
 clearly (Figure 2). The bands at around 

1401 and 1180 cm
-1

 were attributed to CH2 rocking 
and C-C absorptions respectively. Characteristic 
CH and CF stretching vibrations absorptions of 
PVDF were observed at 874 and 840 cm

-1
. 

 

 

Fig. 1 – XRD patterns of P and hc-P composites. 

 

 

Fig. 2 – FT-IR spectrums of P and hc-P composites. 
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Fig. 3 – Surface (a) and crosssection (b) SEM images of P and hc-P composites. 

 
These specific PVDF bands, 1402, 1180, 874, 

and 840 cm
-1 

were emerged at the hc-P spectrum 
with small shifts except 3024 and 2982 cm

-1
. A 

broad peak corresponds O-H stretching was 
emerged at around 3400 cm

-1
. The 1634 cm

-1
 band 

may be attributed to bending vibrations of H-O-H 
groups that represents  the hydrophilic nature of 
cellulose.

1,23
 At the spectrums, newly emerged 

absorption bands that pointed out the presence of 
hc with the bands showing the retaining of PVDF 
structure are clear evidence for hc and PVDF 
combination to form a composite material. It is 
understood from both XRD and IR analyses that 

the characteristic diffraction patterns and 
absorption bands of PVDF decrease or disappear 
after 50 percent hc addition. 

To investigate the effect of hc addition to 
PVDF the SEM analysis of pure PVDF and flat 
sheet composites were obtained and presented in 
Figure 3. As could be seen from the surface and 
cross section images that pure PVDF has compact 
structure with small pores and sponge like seeds. 
While compression has not yet started on the 
surface of 25hc-P, in contrast, 50hc-P presented a 
great number of mixes of small-larger holes and 
porous structures even its sticky and pressed cross 
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section. The sieve-like structure of composite 
could be seen clearly after the hc addition, and the 
channels were not blocked due to agglomeration. 
However, structure shape changed with increasing 
hc ratio. The lattice on the 75hcP surface, which is 
dense and different from the PVDF texture, formed 
due to an increased amount of hc. Different 
characteristics of PVDF and hc against water 
during the phase inversion may be responsible for 
such an arrangement. While hc increased the 
wettability of the composite increased thanks to its 
hydrophilic feature and it tended to separate from 
the hydrophobic PVDF during phase separation.

24
 

However, this dissociation tendency does not 
prevent the formation of composite, but only 
resulted in agglomeration that causes the formation 
of large pores. Since the hc and PVDF mixed well 
with each other in the solution form, it is not 
possible to fully separate in the composite. On the 
contrary, addition of hc increased the 
hydrophilicity of PVDF composites. That is 
important and necessary for sufficient water 
pertaining composite formation.

25 

The surface properties of P and hc-P 
composites could be seen from the Table 1. BET 
analysis results was supported by wettability 
(WU%) and porosity (PO%) data. Hydrolyzed 
cellulose addition resulted in large number of pores 
in the composites consisted with the explanations 
of SEM results. An improvement on the surface 
area of 50hc-P (15.83 m

2
.g

-1
) was achieved 

compared with P (4.11 m
2
.g

-1
). A very small 

decrease in the surface area was noted with 75hc-
P. That was due to the nature of formation of dense 
and viscose structure when the incorporation of an 
additive to polymeric matrix. Here also the 
incorporation resulted in more compressed and 
denser yield compared with raw polymer.  

Smaller pores and pore volumes are the evidence 
of the presence of many small-medium size pores 
with increasing WU% and PO% values of samples. 
The increase on the water uptake capacity is 
proportional with water penetrating inside the pores. 
For this, there should be large pores that can hold a 
lot of water, or many small pores are required. The 
increasing water uptake (from 57.2 to 58.6%) is 

significant effect on the filtration, adsorption and 
catalytic effect composites or membranes. Higher 
water uptake capacity was obtained with increasing 
PO% from 65.5 to 69.2 and 70.1 for P, 50hc-P and 
75hc-P respectively. In this way, it may be possible 
to expose more liquids with the active sites of 
composite. As far as 50hc-P, 75%hc-25% PVDF 
composition (75hc-P) also presented a useful 
composite material with moderate surface properties. 

Dye adsorption performances  

of P and 50hc-P samples 

Dye adsorption studies of P and hc-P samples  
were conducted with 100 mg.L

-1
 MO model 

chemical . Effect of adsorbent dosage on the MO 
adsorption performance of hc-P composites were 
investigated. To understand effect of temperature 
on the adsorption performance, studies were 
conducted at 308, 318 and 328 K, in addition to the 
studies carried out at 298 K. However, any 
remarkable change was not observed by increasing 
temperatures so, 298 K was decided as adsorption 
temperature for this study. After the contacting of 
MO with 50 mg adsorbent in conical flask at 150 
rpm stirring rate, approximately 5 ml solution was 
taken and analyzed by UV spectrometer. 

The pH of the aqueous medium was studied at 
approximately 7.5, the pH value of the solution when 
it was first prepared, without any other adjustments. 
Initial dye concentration and adsorption time were 
applied as 100 mg.L

-1 
and 1 hour respectively for MO 

adsorption.
26,27

 Optimum conditions can be 
determined by studying the pH, initial dye 
concentration, and contact time parameters. 
However, the aim of this study was primarily to 
investigate the physical properties and dye removal 
performance of the hc containing adsorbent. 
Determining the optimum conditions of adsorption is 
the subject of another study. Since flat sheet 
adsorbent consisting of 100% hc is not prepared 
without the use of binding chemicals, and 75hc-P has 
poor physical strength, only 50 hc-P composite was 
investigated for the reusability performance. 

 
Table 1 

BET area, water uptake (WU%) and porosity percentages of  P and hc-P composites 

Sample SBET (m2.g-1) Vtotal (cm3 .g-1) Pore width (nm) WU% PO% 

P 4.11 0.042 6.3 57.2 65.5 

25hc-P 4.68 0.026 6.6 57.5 66.0 

50hc-P 15.83 0.025 5.8 58.6 69.2 

75hc-P 15.06 0.017 3.9 58.0 70.1 

SBET :BET surface area 

Vtotal: Total pore volume.  
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Fig. 4 – MO adsorption performance of hc-P composites (it was 24.22 mg.g-1 for 50 mg P). 

  
The effect of adsorbent dosage on the 

adsorption performances of hc-P was investigated 

and results were presented in Fig. 4. MO 

adsorption sharply increased from 48.48 mg.g
-1

 to 

76.37 mg.g
-1 

with increased adsorbent amount from 

10 to 50 mg for all composites and it was reached 

the highest value of 81.6 for 75hcP. But the linear 

increase in the amount of adsorbed MO versus the 

amount of adsorbent changed to a decreasing trend 

after 75 mg. That was due to the saturation of 

active sites on the adsorbent after the first 

interaction. The surface properties of adsorbent, 

molecular interaction, and charges in the aqueous 

area have high impact on the adsorption 

mechanism. From the characterization results, it 

was understood that the pore structure of 50hc-P 

and 75hc-P shrinked, but its pore number 

increased. Small pores may have prevented the 

entry of the second dye molecules after the first 

molecule penetration. Thus, the rate of increase in 

the amount of adsorbed substance was less than the 

amount of adsorbent. Despite the increasing 

amount of adsorbent, the performance of 25hc-P 

was almost half of the other composites. This is a 

clear proof that hc improves the adsorption 

performance of PVDF. 

Different charged molecules and lower initial 

dye concentration may be effective on to increase 

adsorption with increasing adsorbent amount. It 

was concluded that 50-75 mg adsorbent was the 

ideal adsorbent value under the specified 

conditions for hc-P composites. The formation of 

50hc-P composite consisting of 1:1 hc and PVDF 

was investigated, and a durable structure was 

obtained. From the characterization results, the 

presence of interacting functional groups in the 

composite were seen. It has been understood that it 

is effective in removing the dyestuff from the 

aqueous solution under the studied conditions, and 

it is promising for higher rate of dyestuff, organic 

pollution, or heavy metal adsorption under 

optimum conditions. This study is a good example 

of the disposal of industrial wastes by converting 

them into useful products. 75hc-P can also be used 

as an adsorbent in a batch system, but it is unlikely 

to be used in a pressure filtration system due to its 

low physical strength. 

Regeneration 

Reusability of composites were investigated 

after washing with 0.5 mg.L
-1 

HCl solution. After 5 

cycles there was no prominent change in the 

adsorption capacity of samples Fig. 5. A small 

amount of increase and decrease observed for the 

MO adsorption performances of composites may 

be the result of the deep penetration of a very small 

number of dye molecules inside the pores. As far 

as the remarkable adsorption value the durability 

of the adsorbent is a vital issue for feasible and 

sustainable adsorption. Despite the nature of 

hydrolyzed cellulose being easily affected by the 

acidic environment, the composite structure 

formed by hc with PVDF has high acid resistance. 

Thus, 50hc-P could be seen as a suitable adsorbent 

material for pollution removal from an aqueous 

environment for both batch and membrane 

filtration systems. 
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Fig. 5 – Reusing performances of P and 50hc-P composite. 

 

MATERIALS AND METHODS 

Materials 

Textile waste materials for cellulose sources 

were obtained from UŞAK organized Industrial 

Zone, Turkey. H2SO4, poly(vinylidene fluoride) 

(PVDF, Mw ~107,000 g.mol
-1

) and N, N-

Dimethylacetamide (DMAc) were purchased from 

Sigma Aldrich and used without any processing. 

Methyl orange (MO) (from Sigma Aldrich) 

aqueous solution was used as a model pollutant 

and used directly. 

Preparation of hydrolyzed  

cellulose-PVDF composites 

Textile waste remnants were firstly washed 

with ethanol and 80-90°C hot water to remove dirt 

and dye. It was dried at 60°C for 24 h. 10 g sample 

was put into a glass and sulfuric acid (H2SO4, 64% 

w/w) was added by stirring magnetically. Until to 

obtain a white slurry with small particles, acid was 

added and after that, it was stirred for 1 hour at  

40-50°C. Cold water was added to complete 

hydrolysis, and the slurry was waited to 

precipitate. It was washed and decantated five 

times until the obtain neutral pH values. The white 

powder was dried at 60°C and stored to use as a 

composite component.  

3 g of dry hydrolyzed cellulose and PVDF were 

weighted and dissolved in DMAc separately by 

ultrasonication to obtain a 14% mass ratio in terms 

of hc and PVDF to solvent. Hc and PVDF 

solutions were mixed at the ratio of 3:1, 1:1, 1:3 

respectively and it was stirred at 250 rpm at 65°C 

for 12 hours. The mixture was waited for 10 

minutes to prevent air bubbles and cast onto flat 

surface (15 cm x 15 cm) uniformly with a 300 µm 

casting knife at 25°C. After exposure to air for 10 

seconds, the glass plate was quickly immersed in a 

coagulation bath. The schematic representation of 

reparation steps and details were similar to our 

former study.
24

 Membranes were dried for 

characterization while adsorption membranes were 

stored in distilled water for dye adsorption. 

Composites containing hc at the rate of 0, 25, 50, 

75% according to the total mass of combination 

were determined as P, 25hc-P, 50hc-P, and 75hc-P 

respectively.  

Characterization of Composites 

Structural changes at crystallinity and 

functional groups of prepared samples were 

analyzed by XRD (Rigaku 2000) at 2=2-80° with 

2°.min
-1

 scanning speed and Perkin Elmer FT-IR 

over a range of 4000-400 cm
-1

. Morphology of 

composites was imaged by scanning electron 

microscopy (SEM) at 10 kV (Carl Zeiss ULTRA 

Plus). The surface area of composites was 

determined by TriStar II 3020 Version 3.02 BET 

device. The initial and final concentrations of dye 

solutions were determined by a UV-visible 

spectrometer (Shimadzu, 2550) at 660 nm 

wavelength for MO. 

Dye Adsorption Experiments 

Adsorption performances of composites were 

tested in a conical flask by the batch technique. 50 

mL MO aqueous solutions (50-150 ppm initial 

concentrations) and 0.01-0.1 g adsorbent were put 

into an adsorption cup, and it was stirred at 150 
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rpm for 1-3 h. Adsorption temperature and pH 

value of solutions were adjusted at 298-328 K and 

pH 7.5 as solution pH. After the equilibrium, 

samples were filtered, and the amount of MO in 

the filtrate was analyzed by a UV-vis spectrometer 

at 660 nm. Adsorption capacity Qe (mg.g
-1

) and 

adsorption efficiency EAD (%) of adsorbents were 

calculated by equations 1 and 2.
28,29 

  (1) 

  (2) 

C0 and Ce stand for initial and equilibrium dye 
concentration in mg.L

-1
 respectively. M (g) and V 

(L) represent the amount of adsorbent and the 
volume of dye solution, respectively. The 
reusability of adsorbents was investigated after 
washing and rinsing the filtrated adsorbents with 
an acid solution (0.5 mol.L

-1 
HCl, 25 mL). The 

adsorbents were used 5 times. Adsorption 
capacities of all samples were calculated and 
evaluated according to equations 1 and 2. 

CONCLUSIONS 

In this study, separation of cellulose from 
textile waste products and composite formation 
with PVDF were conducted. Prepared samples 
were analyzed by FT-IR, XRD, SEM, and BET 
analyses. From the peaks observed in the XRD 
diffraction pattern and from the SEM images, it 
was concluded that the best structural composition 
in terms of adsorption performance, durability, and 
hc amount was 50hc-P. The MO adsorption 
performance of P and 50hc-P in the batch system 
was recorded as 24.47 and 76.37 mg.g

-1
, 

respectively. The satisfactory MO adsorption 
performances of 50hc-P composite proved that it 
will be an effective adsorbent material to remove 
impurities from water with its advantages of 
reusability, low cost, and easy application. The 
presence of homogeneous morphological and 
crystalline structure and functional groups 
determined by structural analysis is promising that 
the composite can be used as a membrane in 
filtration and fuel cells. 
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