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Texcmunvnas nPoOMbIUIEHHOCHb AGNACHICA UCHIOYHUKOM 3HAYUMENbHBIX KOAUYeCme
Ue1I0JI03HBIX OMX0008, KOMOPblE MONHCHO HeEpepadamsléams 6 nepcneKmueHvle copoenmel. Llenvto
UCCe006aRUs DbLIO U3YUeHUE AOCOPOUUOHHO20 NOBEOCHUA HOHO8 MEMALI06 HA UeTI0SI03HbIX NO-
8EePXHOCMAX, HOTYYEHHBIX U3 UENTI0TI03HbIX MEKCMUAbHBIX 0MX0008 1€2KOU NPOMbIUIEHHOCHU.
Ilposedennvie panee uccnedo6anun NOKA3aiu, YmMo HeMoOOUPUUUPOEGAHHbIE UOHOOOMEHHbBLE CMOTbL
HA OCHO6€ Ye107103bl, NOJIyYeHHble NPU Pa3IUYHbIX 3Havyenusx pH, cnocoonwl yoanamo uonsl msa-
JHCENBIX MEMA108 U3 60OHBIX PACHEOPO8. B npedcmaesnennoii padbome uonoooOMenHble CMObL HA
OCHOGE Ue/TI0J103bl HOSYUANU ZUOPOSIUZOM UCXOOHO20 OMX00d CEPHOL KUCTIOMOIl ¢ nocaedyouiell
Hetimpanuzayueil 00 paznuunvix 3navenut pH u cywkoi npu 80 °C. Cpeones3sewiennotii pazmep
yacmuy UCnONbL3YEMbIX COPOEHMOB DbL ONPedeeH HA OCHO8E PPAKYUOHHO20 COCIABA NOPOULKOO0D-
pasnvix copbenmos u cocmasun 0,57 um (pH=1,5—-3) u 0,14 mm (pH =5 — 7). HK-ananu3z snemenm-
HO020 cocmaea Yacmuy 6bIAGUII HAIUYUE CEA3AHHBIX CYIbHAMHBIX 2PYNN 8 NOPOUIKOEOM cophenme ¢
PpH = 15-3. Pezynvmamut 3Kcnepumenmos noKazaiu, 4mo mMooupukayus noGepxHocmu ueinioo3-
HO020 OMX00a CePHOIL Kucaomoui nogvicuna Ighghexm aocopoyuu uonoe Ni, Fe u Pb u3 600noii cpeowt.
Cpoocmeo cynbhoKucI0mMubIX CMOL K KAMUOHAM 00bIYHO 308UCU OM PAZMEPA UOHOE U 3apAda Ka-
muona. Ycmanoeieno, 4umo 3HaUUmMenvHylo poib 6 a0COPOYUOHHBIX CE0ICHEAX NOSIYYEHHBIX COP-
0enmog uzpaem rneKmpocmamuyecKoe 3aumooericmene mexicoy n08epXHOCIHbIMU PYHKYUOHATb-
Hoimu zpynnamu. Ilokazano, umo adcopouuoHHAA CROCOOHOCHLL U3YUAEMBIX MEMAI08 803pacmaem
6 paoy Fe** <Pb?* <Ni®*. Pezynomamui uccnedosanuii no3eonsaiom coenans gvigoo 0 yenecooopazno-
cmu npumMeHeHus MOOUDUUUPOBAHHBIX OMXO0006 UENTI0JIO3HbIX MEKCHUIbHBIX O0MX0008 J1€2KOll
HPOMBIMIEHHOCIU 07151 OYUCIKU CHIOYHBIX 600 0N UOHOE MEMALI08.

KiarueBble ¢J10Ba. TCKCTHIIHLHBIC LECJITFOJIO30COACPKAIUE OTXObI, KaTMOHOOOMEHHAs CMOJIa Ha OcC-
HOBC Cynb(l)PIpOBaHHOI;'I LCJUIIOJIO3bI, TAXKCEIIBIC MCTAJJIbI, CTOYHBIC BOJIBI

Izv. Vyssh. Uchebn. Zaved. Khim. Khim. Tekhnol. 2020. V. 63. N 2 105



I.N. Pugacheva, A.V. Karmanov, S.B. Zueva, I. De Michelis, F. Ferella, L.V. Molokanova, F. Veglio

HEAVY METAL REMOVAL BY CELLULOSE-BASED TEXTILE WASTE PRODUCT
LN. Pugacheva, A.V. Karmanov, S.B. Zueva, 1. De Michelis, F. Ferella, L.V. Molokanova, F. Veglio

Inna N. Pugacheva*, Andrei V. Karmanov

Faculty of Ecology and Chemical Technology, VVoronezh State University of Engineering Technologies, Revolution
ave., 19, Voronezh, 394036, Russia
E-mail: eco-inna@yandex.ru *, andrikar93@yandex.ru

Svetlana B. Zueva

Faculty of Ecology and Chemical Technology, VVoronezh State University of Engineering Technologies, Revolution
ave., 19, Voronezh, 394036, Russia

Faculty of Industrial and Information Engineering and Economics, University of L'Aquila, Via Giovanni Gronchi, 18,
L'Aquila, 67100, Italy

E-mail: s.b.zueval6@gmail.com

Ida De Michelis, Francesco Ferella, FrancescoVeglio

Faculty of Industrial and Information Engineering and Economics, University of L'Aquila, Via Giovanni Gronchi, 18,
L'Aquila, 67100, Italy
E-mail: ida.demichelis@univaq.it; francesco.ferella@univag.it, francesco.veglio@univagq.it

Larisa V. Molokanova

Department of Industrial Ecology, Equipment of Chemical and Petrochemical Industries, Voronezh State University
of Engineering Technologies, Revolution ave., 19, Voronezh, 394036, Russia
E-mail: larisa280272@yandex.ru

The textile industry is a source of significant amounts of cellulosic waste that can be pro-
cessed into promising sorbents. The aim of study was understanding the adsorption behavior of
metal ions on cellulose surfaces obtained from cellulose textile waste of light industry. Previous
studies have shown that unmodified cellulose-based ion exchange resins obtained at different pH
values were able to remove metal ions from aqueous solution. In present work the cellulose-based
ion exchange resins were prepared by H>SO4 hydrolysis of initial waste product with following
neutralization up to different pH and drying at 80 °C. Based on the fractional composition of pow-
dered sorbents, the weighted average particle size of the sorbents used is determined: sorbents with
pH = 1.5 - 3 = 0.57 mm; sorbents with pH = 5 - 7 = (.14 mm. The IR analysis of the elemental
composition of the particles showed the presence of bound sulfate groups in the powder sorbent
with pH = 1.5-3. The results of experiments showed that the modification of the surface of the
cellulose waste with sulfuric acid increased the effect of adsorption of Ni, Fe and Pb ions from an
agueous solution. It has been established that the electrostatic interaction between surface func-
tional groups plays a significant role in the adsorption properties of the sorbents obtained. The
affinity of sulphonic acid resins for cations generally varies with the ionic size and charge of the
cation. This study showed that adsorption capacities of studied metals were in the order of
Fe**<Pb?*<Ni?*. Resulting cellulose particles have sulfate groups on their surface, which have wide
range of applications for the removal of heavy metal ions from wastewater.

Key words: textile cellulose-containing waste, sulphonated cellulose cation exchange resins, heavy met-
als, wastewater
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INTRODUCTION

Despite the variety of sorbents used [1-3],
many of them do not satisfy the entire set of require-
ments for materials of this type, in connection with
which the search and development of new sorption ma-
terials is carried out constantly [4-6]. Priority is to ob-
tain relatively cheap sorption materials based on indus-
trial wastes, since waste is reused [7-10].

Cellulose is cheap, renewable, biodegradable,
and the most abundant organic raw material in the
world [11-15]. During recent years, removal of heavy
metal ions, both from waste water and natural waters,
has gained importance to solve and minimize the in-
dustrial and ecological waste problems [16-18]. Cellu-
lose particles as adsorbents for water purification have
been an area of great interest in materials science re-
search in recent years [19]. Owing to the hierarchical
structure and tailor able adsorption behavior via sur-
face chemical modification with negative binding
groups such as carboxylic, sulfate, and phosphate, cel-
lulose has shown excellent potential to adsorb water
pollutants such as dyes pesticides, bacteria and virus,
and a wide range of heavy metal ions [20].

It is well known that cellulosic materials can
be obtained from various natural sources and can be
employed as cheap adsorbents [22]. Their adsorption
capacities for heavy metal ions and other aquatic pol-
lutants can be significantly affected upon chemical
treatment [21]. In general, chemically modified cellu-
lose exhibits higher adsorption capacities for various
aquatic pollutants than their unmodified forms. Nu-
merous chemicals have been used for cellulose modi-
fications which include mineral and organic acids, ba-
ses, oxidizing agent, organic compounds, etc. [22].

Application of sulfuric acid results in negative
surface charge formation due to incorporation of a
number of sulfate groups at the surface of the cellulose
nanocrystal. The number of sulfate groups will de-
pendent on the hydrolysis time and the sulfuric acid
concentration [16]. From other hand, these groups can
be removed by washing with dilute sodium hydroxide
solutions, or by high temperature [17, 18].

It was shown [20] that the surface modification
of cellulose microspheres by sulfate and phosphate
functionalities improves the adsorption of metal ions
from the aqueous medium.

This paper presents the results of the experi-
ments studying sorption of Fe** Ni and Pb** ions from
aqueous solutions by cellulose-based ion exchange res-
ins, depending on the pH of the resin and duration of
the process.
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MATERIALS AND METHODS

Model solution was prepared by dissolving the
standard metal salts in distilled water. Concentrations
of metal ions in the standard solution were 5 mg/L for
each studied metals: Fe®*, Ni?*, Pb?*.

A guantitative analysis was carried out by
atomic absorption spectroscopy (AAS) (spectrometer
Spectr AA 200, Varian) in order to evaluate the accu-
rate content of Me in model solutions.

pH measurements were made using PS-2 pH
meter which was calibrated with pH 6.86 and pH 4.00
standard buffers before use.

Infrared spectroscopy (FTIR, Impact 410 Ni-
colet spectrophotometer) was used to characterize the
obtained sorbents.

All quantitative analyses were run in triplicate
for reproducibility of data and results in the figures and
tables were the averaged ones.

The sorbents samples were analyzed using a
scanning electron microscope (SEM, JSM-6380 LV).

Wastes product containing cotton fiber were
used to produce powdered cellulose-based sorbent.

PREPARATION OF SORBENT FROM TEXTILE CEL-
LULOSE-CONTAINING WASTE

Wastes containing cotton fiber were used to
produce powdered cellulose-based sorbent. In all the
experiments, a flask containing cellulose waste and di-
luted H2SO4 (30 % wt.) were mixed and placed in ther-
mostatic bath at 70 °C and kept under thermostatic con-
trol for 2 h, with following neutral leaching and drying
at 80 °C of the resulting pulp.

Neutral leaching tests were carried out at room
temperature in a jacketed stirred reactor tank at differ-
ent cotton waste/distillate water ratios, in order to reach
desired pH of leach liquor, by mixing at 100 rpm for 1 h.
After what suspensions were filtered and filter cakes
were dried at 80 °C for 2 h and grounded up to finer-
dispersed state. Depend on resulting leaching liquor
pH following sorbents were obtained: KC1 (without
neutral leaching step with initial pH = 1.5); KC2 (pH = 3);
KC3 (pH = 5); KC4 (pH = 7).

The IR spectroscopy data are presented in Fig. 1.
Based on the fractional composition of powdered
sorbents, the weighted average particle size of the
sorbents used is determined: sorbents with pH = 1.5-3
~ 0.57 mm; sorbents with pH =5-7 = 0.14 mm. In turn,
the analysis of the elemental composition of the parti-
cles showed the presence of bound sulfate groups in the
powder sorbent with pH = 1.5-3.
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Fig. 1. IR spectra of studied cellulose-containing resins
Puc. 1. UK-cniekTpsl HccaeayeMbIX HOHOOOMEHHBIX CMOJT Ha OC-

HoBe nemmonosel: 1 — KC1; 2 - KC2; 3 - KC3; 4 - KC4

Fig. 2. SEM images of cellulose-based resins obtained at different
pH: (a) pH=15-3;(b)pH=5-7
Puc. 2. COM-u300paxeHns HCCISTYEMBIX HOHOOOMEHHBIX CMOJT
Ha ocHOBe 1esutono3sr: (a) pH=1,5-3; (b)pH=5-7

ADSORPTION EXPERIMENT

Adsorption experiments were carried in a jack-
eted stirred reactor tank. The time and mixing speed
were set with an automatic controller.

Kinetic study of the heavy metal adsorption
was investigated for sorbents dosages 1% wt. The sus-
pensions were mixed under stirring during to 10, 20,
30, 40, 50 and 60 min at 250 rpm. All experiments have
been realized at 25 °C.

The suspensions have been constituted by dis-
solving 0.5 g of powder in 50 mL of standard solution.
At the end of the mixing, the suspensions have been
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filtrated. The residual concentration of Fe, Ni and Pb
in the supernatant has been determined by atomic ab-
sorption spectroscopy with inductively coupled plasma
emission spectrometer “Agilent Technologies 5100
ICP-OES”.

Removal percentage for each ion based on its
initial concentration was calculated according to fol-
lowing equation;

Removal percentage (%) = [(Ci-C)/Ci]100%

where C;i is the initial concentrations of Fe®*,

Ni2*, Pb?* ions in the solution (mg metal ion/L); and Ct
is the concentrations of Fe®*, Ni%*, Pb?* ions in the so-
lution after adsorption (mg metal ion/L).

The sorption capacity of the resin were calcu-
lated according to equation below:

0e=(Ci — Cp)'VIm
were C; and Cy, are the initial and final concentrations
of Fe®*, Ni%*, Pb?* ions, respectively (mg/L); V is the
volume of the solution, L; m is the sorbent mass, mg.

RESULTS AND DISCUSSION

Cellulose nanocrystals prepared by H,SO4 hy-
drolysis have sulfate groups on their surface (Fig. 1). The
process of sulfuric acid-hydrolysis of cellulose fibers
for the preparation of cellulose nanocrystals includes
an esterification reaction between acid and cellulose
molecules, which induces the covalent coupling of sul-
fate groups on the surface of prepared sorbents [18].
Negatively charged sulfate groups play an important
role in both surface chemistry and physical properties
of obtained sorbents. Chemical reaction of cotton cel-
lulose and sulfuric acid is presented below:

OH _O0SOH
CH,0,,0H +nHSO,= CHO,0SOH + nHO
“OH |n “0SO.H n

In this case, metal removal from model solu-
tion can be explained by following reactions:

OSOH OR -OH
CJH,0/0SOH | + nNaOH = CH0, 0R | R- -ONa
“0SOH n “OR |n

Fig. 3, shows the adsorption rate of Fe, Ni and
Pb from model solution after adding studied adsor-
bents. Concentration of all studied metals reached a
minimum after 15 min and then increased for all stud-
ied sorbents apart KC4 (pH = 7).

The affinity of sulphonic acid resins for cations
generally varies with the ionic size and charge of the
cation. Results of experiment show that Fe, Ni and Pb
are rapidly adsorbed on the all sorbents. However, the
adsorption capacities of studied metals were in the or-
der of Fe®* < Pb?* < Ni?*. It also was found that no de-
sorption of studied metals occurred in case of sorbent
with pH =7.
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Fig. 3. The effect of process time on metal removing (1 — Ni; 2 — Fe; 3 — Pb) by studied cellulose-based resins prepared at different pH
values: (a) — pH=1.5; (b) — pH=3; (c) — pH=5; (d) — pH=7
Puc. 3. BausiHue mpoaonKuTenbHOCTH mponecca Ha dddext ynanerus meramios (1 — Ni; 2 — Fe; 3 — Pb) uccrnenyembiMu HOHOOOMEH-
HBIMH CMOJIaMH Ha OCHOBE ILIEJUTIONO03bI, ONMy4YeHHBIME TpH pa3ubix pH: (a) — pH=1.5; (b) — pH=3; (c) — pH=5; (d) — pH=7

CONCLUSIONS

Unmodified cellulose-based ion exchange res-
ins obtained at different pH values were able to remove
Fe**, Pb?, and Ni?* ions from aqueous solution serving
as a model for a contaminated water medium.

The surface functionality of cellulose, ligand
contents, depended on the pH of the resin, and electro-
static interaction played a significant role in the adsorp-
tion properties of the studied cellulose.
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It was shown, that the surface modification of
cellulose by sulfuric acid improved the adsorption of
Ni, Fe and Pb ions from the aqueous medium.

It was also shown that KC4 sorbent provided
maximum metal ion removal without any desorption of
metal ions.

The modification of studied cellulose-based
ion exchange resins will be the subject of further stud-
ies in our laboratories.
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