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ABSTRACT

A hemp waste material resulting from the textile industry has previously been shown to be
a very efficient material in removing Zn(Il) from diluted aqueous solutions. In this work,
batch studies on desorption and multiple sorption-regeneration cycles for zinc(Il) removal
by natural hemp fibers have been carried out. The best desorption results were performed
in acidic medium, where the protons in solution replaced the Zn(Il) ions on the loaded
hemp. The efficiency of Zn(II) desorption with 0.1 M hydrochloric acid is higher than that
achieved using sulfuric acid of the same concentration. The amount of Zn(Il) desorbed by
0.1 M HC], 0.1 M H,S0,, and 5% NaCl increases sharply in the first 15-20 min of the pro-
cess, attaining values that subsequently stay almost constant (for 0.1 M HCI) or sligtly
increase (for 0.1 M H,SO,4 and 5% NaCl). The sorptive potential of the tested hemp remains
almost unchanged after three cycles of sorption—desorption of Zn(Il) from solutions with a
high mg Zn/g of hemp in the initial ratio. The results of this study are important in order
to demonstrate that regenerated hemp could be used for zinc metal removal from water
sources without the threat of the sorbent becoming another source of zinc pollution for the

environment.
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1. Introduction

Both surface water and groundwater were reported
to have been contaminated with heavy metal ions
from natural and anthropogenic sources worldwide
[1]. The heavy metals present in the aquatic environ-
ment are considered to be a major inorganic contami-
nants due to their mobility in the aqueous ecosystem,
toxicity to higher life forms and nonbiodegradable
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nature [2]. There are various conventional treatment
techniques available for the removal of heavy metals
from groundwater, surface waters and wastewaters,
such as chemical precipitation, ion exchange, reverse
osmosis, electrodialysis, electrochemical treatment,
membrane separation process, and adsorption [3,4].
Among these methods, adsorption has been found to
be one of the most popular processes for the removal
of heavy metals from aquatic environment due to its
low complexity and straightforward implementation
in field conditions as well as its potential regeneration
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capacity and sludge-free operation [5,6]. Increasing
demand for eco-friendly techniques promotes the
interest in natural and biodegradable sorbents. There
are hundreds of studies regarding the equilibrium,
kinetics, and thermodynamics of heavy metal ions
sorption on a variety of natural materials and waste
products [7-18].

The technological exploitation of the adsorption
process for the removal of heavy metals depends on
the efficiency of sorbent regeneration after metal des-
orption [19]. The used sorbents containing heavy met-
als can be disposed of either after the recovery of
contaminants or without heavy metal recovery. In both
cases, a secondary pollution appears because of the
used sorbents and the chemicals used to treat the sor-
bents for metal recovery appears [1]. Still, metal-loaded
sorbents have toxic effects on humans and environ-
ment. Thus, the process of adsorption can be economi-
cal and environment-friendly only if a suitable
desorbing agent is used for the recovery of metals from
the loaded sorbent. In a complete metal removal and
recovery process, the sorbents must be used in a con-
tinuous sorption—desorption cycle [20]. For this pur-
pose, the sorbents should meet the following criteria:
(i) they should be cheap and reusable; (ii) both uptake
and release of metal ions should be efficient and rapid;
(iii) desorption of metal ions from the sorbents should
be metal-selective and economically feasible [2].

The desorption/regeneration studies can help
elucidate the mechanism of metal ion removal and
provide insights useful for predicting the conse-
quences of incorporating spent sorbents into the
ecosystems and therefore are critical to the design of
remediation strategies [21]. However, very few major
studies have been published that deal with the recov-
ery of metals sorbed from loaded sorbents [22-24].

Hemp is a fast growing plant in a variety of climates
and soil types. It is naturally resistant to most pests,
precluding the need for pesticides. The potential for
hemp is vast, including sustainable biomass (power)
and biodiesel (fuel). Our previous studies showed that
hemp had good sorption abilities for heavy metals, so
that its potential to be used in wastewater treatment
was promising [25-35]. Thus, natural hemp fibers
exhibited reasonable sorption properties for Zn(Il) ions
from aqueous solutions (the Langmuir maximum sorp-
tion capacity was determined as being 21.32 mg/g
hemp) [36]. The sorption of Zn(Il) ions by natural hemp
fibers was highest at pH 5, increased with the hemp
dose and the solution temperature and decreased with
the increase in solution concentration [36].

Starting from these premises, the current study
deals with the desorption process of zinc(Il) from
metal-loaded hemp, in order to provide data that
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could be beneficial in the paucity of literature informa-
tion. Zinc(Il) was chosen as cation in the study
because, although an essential trace element for all
forms of life, the excess of zinc in human body can
cause a range of serious illnesses including anemia,
damage to pancreas, lungs, decreased immune func-
tion, ranging from impaired neuropsychological func-
tions to growth retardation and stunting, impaired
reproduction, immune disorders, dermatitis, impaired
wound healing, lethargy, loss of appetite, and loss of
hair [37]. Beside its direct toxic effects, the bioaccu-
mulation and biomagnification effects of Zinc(Il) in
aquatic organisms may indirectly affect humans.

2. Materials and methods

In these experiments, we used thick and rigid
fibers of hemp with large surface area and porosity,
high swelling capacity, and strong hydrophilic charac-
ter. They resulted as waste from a textile factory.
Hemp fibers were purified by having been boiled for
4 h in a solution containing soap and soda ash, then
washed several times with water, and then rinsed
with bidistilled water and dried in oven at 45°C.

Stock solution of 1,000 mg/L was prepared by the
dissolution of analytical grade reagent ZnSO,-7H,0, in
deionized water and was complexonometrically stan-
dardized. Working solutions of Zn(II) were prepared
by the appropriate dilutions of the stock solution.

2.1. Batch desorption studies

The experiments were performed in batch condi-
tions and focused on the optimization of the Zn(II)
desorption efficiency. The recovery of Zn(Il) and the
hemp reusability were assesessd by succesive cycles of
Zn(Il) sorption—desorption.

The batch desorption of Zn(Il) from metal-loaded
hemp was performed according to the 2-step proce-
dure presented in Fig. 1. The conditions provided for
Zn(Il) sorption on hemp are systematized in Table 1.

In the desorption step, the following solutions
were used: 0.1 M HCIL;, 0.1 M H,SO4 5% NaCl; 10%
NaCl.

2.2. Batch studies on hemp regeneration

Three succesive cycles of sorption and desorption
of Zn(Il) were carried out in batch systems. Experi-
ments were carried out on: H1 samples of hemp (for
sorption-samples of 0.5g had been equilibrated for
24 h with 50 mL of Zn(I) solution of 26.15mg/L
concentration; for desorption—the samples (after
filtration and washing) were contacted with 25 mL of
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First step — SORPTION
scontacting the known amounts of hemp with Zn(ll) aqueous

solution of pH = 5.35
( 20+20C; 24 hours);

sseparation of phases by filtration;

swashing the loaded hemp with distilled water until pH =5;
«determination of Zn(ll) concentration in filtrate;

scalculation of the amount of Zn(ll) taken up per gram of hemp

Second step — DESORPTION
scontacting samples of 0.2 g of Zn(ll)loaded hemp with
known volumes (25 or 10mL)of desorption — regeneration agent(24

hours)
« filtration of mixture;

» determination of the concentration of desorbed Zn(ll) by
atomic absorption spectrometry (210 VGB Buck Scientific

atomic absorption spectrometer).

Fig. 1. Scheme of Zn(Il) sorption—desorption in batch conditions.

Table 1

Preparing the samples of Zn(I)-loaded hemp for desorption

Co, mg  Hemp Initial ratio mg Amount of retained
Sample Zn(II)/L dose, g/L Zn(I)/g hemp Zn(Il) mg/ghemp  Retention percentage % Used for
H1 26.15 10 2.61 3.92 100 Study on the influence
of desorption time
H2 209.2 20 10.46 4.84 54.47 Succesive cycles of
H3 52.3 4 13.07 712 46.27 sorption—desorption

desorption agent), H2 samples of hemp (for sorption—
samples of 1g had been equilibrated for 24 h with
50 mL of Zn(II) solution of 209.2 mg/L concentration;
similar conditions for desorption) and H3 hemp (simi-
lar conditions for sorption and desorption, but with
the following differences: hemp samples of 0.2 g and
the concentration of Zn(II) solution used for sorption
was 52.3 mg/L).

3. Results and discussion
3.1. Desorption studies in batch conditions

3.1.1. Effect of the nature of the chemical agent used for
desorption

A successful desorption process requires proper
selection of the desorbing agents, which strongly

depends on the type of sorbent and the mechanism of
sorption. The chemical agents used for desorption
should be: nondestructive to the sorbent, cost-effective,
eco-friendly, and efficient [38].

A number of studies have been carried out on the
desorption of zinc from sorbents using 0.1 M solutions
of various acids (hydrochloric, sulfuric and nitric
acids), salts, and complexing agents (ethylenedi-
aminetetraacetic acid-EDTA) (Table 2). The reported
superiority of EDTA in desorbing heavy metal ions
from the metal ion laden sorbents is due to its ability
to form stable complexes with metal ions and to
reduce the solubility of metal ions in aqueous solution
[45]. However, EDTA cannot be used for metal des-
orption in a commercial process, as it is more costly
than HCI; moreover its disposal may cause serious
environmental problems [46].
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The high concentration on metal effluent, undimin-
ished metal uptake on reuse, least physicochemical
damage to sorbents, and the low cost exhibited by
HCI show that it can be preferably used as agent of
desorption and regeneration of the spent sorbents
(Table 2).

The experimental results regarding the influence of
the nature of the chemical agent used on the desorp-
tion process of Zn(Il) ions from different samples of
metal ion-loaded hemp are depicted in Figs. 2 and 3.

According to Figs. 2 and 3, the best results are per-
formed in acidic medium, where the protons in solu-
tion replace the Zn(Il) ions on the loaded hemp. On
the other hand, it is obvious from Figs. 2 and 3 that
the increase in the metal ion amount loaded by hemp
resulted in a decrease in the desorption percentages
achieved with all desorbing agents under study.

The high efficiency of Zn(II) desorption is achieved
with 0.1 M hydrochloric acid. This behavior may be
due to the capacity of Zn(Il) ions to form complexes
with chloride anions.According to findings from other
works, it may be considered that in the case of HCI
use as desorbing agent, the sorbent surface is com-
pletely covered with H" ions, while the coordination
sphere of chelated ions is disrupted [36]. Under these
conditions, Zn(Il) ions cannot compete with protons
for the sorption sites and, consequently, the Zn(II) ions
are released from the sorbent surface into the solution.
At the end of the desorption process, the sorbent
becomes completely protonated, ready for the next
sorption cycle.

The efficiency of Zn(Il) desorption with 0.1 M
sulfuric acid is lower than that achieved using
hydrochloric acid of the same concentration. The poor
desorption ability of sulfuric acid might be correlated
with the strength of the acids. Thus, hydrochloric acid

Table 2
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Fig. 2. Zn(II) desorption from H2 hemp (loaded with
484 mgZn/g): volume of desorption agent solu-
tion = 25 mL.
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Fig. 3. Zn(I) desorption from H3 hemp (loaded with
7.12 mg/g); 25 mL of desorption agent.

has the highest acid strength (pK, = —6.3) followed by
sulfuric acid (pK, =—3) [47]. This explanation is in
close agreement with literature data which reported a
general trend of decrease in the extent of metal des-
orption with decrease in the strength of acids [48]. It

Comparison of the efficiency of different agents in zinc desorption from some low-cost sorbents

Percentage of =~ Number of

Low-cost sorbent Desorption agent zinc desorption desorption cycles Reference

Alginate beads 0.1 M HCl1 0.1 M H,SO, 90-100% [39]

Crab shell particles 0.1 M HCI >99% [40]

Immobilized Candida utilis and Candida 0.1 M HC1 >95% [41]
tropicalis cells

Lagenaria vulgaris shell 0.1 M HNO; 96-93% 6 [42]

Arrabaena variabilis 0.1 M EDTA 93-85% 5 [43]

A. variabilis immobilized in calcium alginate 0.1 M EDTA 91-82% 5 [43]
matrix

A. variabilis immobilized in agar matrix 0.1 M EDTA 88-84% 5 [43]

Sargassum filipendula biomass 0.1 M H;50, 0.1 M MgSO, >90% 10 [44]
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has been reported in the literature the possible mecha-
nisms and conditions of desorption by acids, as fol-
lows: (1) low pH favors desorption and/or dissolution
of metal cations, (2) strong competition between H"
ions and metal cations for sorption sites causes
displacement of cations into the acid solution, (3)
acidic condition favors the release of adsorbed/
surface-precipitated metals, and (4) acid reacts with
residual alkalinity and lowers sorption capacity [49].

Due to their nontoxic properties and low cost,
aqueous solutions of sodium chloride of two different
concentrations were also tested to verify that all the
metal ions present in the hemp could be desorbed
(Figs. 3 and 4). It was found that the use of sodium
chloride solution resulted in a little larger percentages
desorption than mineral acid solutions. The increase
in NaCl concentration (from 5 to 10%) has the effect of
desorbed Zn(II) percentage increasing. Desorption
results for NaCl solutions may be due to the formation
of zinc ion stable complexes with chloride anions. The
electrostatic repulsion between these zinc species
and the functional groups of hemp can promote
desorption.

3.1.2. Effect of contact time on Zn(II) desorption from
hemp

Contact time is an important parameter for the eco-
nomical value of the wastewater treatment process.
Fig. 5 illustrates the variation of Zn(II) desorption
from H1 samples of hemp (with a loading of 26.1 mg
Zn(I)/g) by using 25 mL of 0.1 M HCl, 0.1 M H,50,,
and 5% NaCl, respectively, as function of contact time
phases.

The plots in Fig. 4 point out that the desorption
process is fast. The amount of Zn(Il) desorbed by
0.1M HCI, 01M H,SO, and 5% NaCl increases
sharply in the first 15-20 min of the process, attaining

30 1

0.1MHC
25 - _ MHC
= » 0.1M H2504
S
E 20 NaCl 5%
E 154
-
-
‘E 10
a
5 p
0 y " . y y " .
0 10 20 30 40 50 60 70

Time, min

Fig. 4. Effect of desorption time on Zn(I) recovery from
H1 hemp.
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values that subsequently stay almost constant (for
0.1 M HCD or sligtly increase (for 0.1 M H,50, and
5% NaCl). A similar trend was observed in previous
studies on the desorption of heavy metal ions from
low cost sorbents [23,24,46]. This close agreement
leads to the conclusion that it may be considered that
the desorption process of zinc ions from hemp by
acidic solutions comprises three steps: (1) desorption
of metal ions from the binding sites of the sorbent; (2)
difussion of metal ions inside the surface of the sor-
bent and (3) diffusion of metal ions across a stationary
liquid film surrounding the sorbent and into the bulk
film [46].

(a) Cycle |

100 1
90
80 A
70
60 -
50 A
40 -
30 A
20 A
10 A

0 T T T v
0.1M HCl 0.1M H2504 NaCl 5% NaCl 10%

DSorption,% M Desorption, %

(b)mo Cycle ll

90 4
80 4
70
60
50 4
40
30 A
20 4
10

0.1M H2504 NaCl 5% NaCl 10%

@ Sorption, % W Desorption, %

0.1M HCI

(c)mu ) Cycle Il

90 A
80 A
70 1
60 1
50 1
40
30 1
20 1
10 1

0.1IM H2504 NaCl 5%
O Sorption, % @ Desorption, %

0.1M Hcl NaCl 10%

Fig. 5. Succesive cycles of Zn(II) sorption—desorption on
H2 hemp (Cp = 209.2 mg/L; 1 g hemp/50 mL).
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3.2. Recovery of Zn(Il) and hemp reusability in succesive
cycles of Zn(Il) sorption—desorption

A major step in the profitability of a sorption pro-
cess is the sorbent regeneration. The =zinc-loaded
papaya wood was completely desorbed with 0.1 M
HCI. During repeated biosorption-desorption for five
cycles, no loss in the efficiency of zinc removal from
their respective solutions and the zinc-loaded biomass
was noted [50]. Another reusability studies indicated
that the Botrytis cinerea biosorbent could be regener-
ated with up to 98% recovery of zinc and reused five
times in sorption-desorption cycles successively [51].

To assess the reusability of the investigated wastes
of hemp for Zn(Il) removal from aqueous solutions,
three succesive cycles of sorption and desorption of
Zn(Il) were carried out in batch systems. The experi-
mental results are illustrated in Figs. 5 and 6.

The data obtained in Fig. 5 shows that the percent-
age of the Zn(II) desorbed from samples of 1 g of H2
hemp decreases significantly (from 99 to 785.% for
0.1M HCI and from 86.2 to 74.32% for 10% NaCl,
respectively) after three cycles of sorption—desorption.
At the same time, it is worth noticing the considerable
decrease in the capacity of Zn(Il) sorption by hemp
regenerated with acids (the sorption percentage
decreases from 46.24% on original hemp to 22.95% on
hemp regenerated two times). On the contrary, in the
case of hemp samples desorbed and regenerated with
solution of 5% NaCl and 10% NaCl, respectively, an
increase in the Zn(Il) sorption percentage takes place
(the sorption percentage increases from 46.27% on
original hemp to over 80% on regenerated hemp). The
increase in concentration of the NaCl solution from 5
to 10% results in the increase of the Zn(Il) sorption
and desorption percentages.

The results of succesive cycles of sorption-desorp-
tion on H3 hemp (Fig. 6) can be described in a similar
manner, except for the variation of the desorption per-
centages for all used agents whose range is narrower.

As compared with the previous case, the amount
of Zn(Il) retained on the original hemp is much higher
and the desorption is not quantitative (below 80% for
all used agents of desorption). There is a significant
increase in the sorption capacity of the hemp regener-
ated with NaCl solutions as well as a decrease for
hemp regenerated with mineral acids.

This behavior might be due to the acid strength of
the desorbing agent. Therefore, mineral acids
(hydrochloric acid and sulfuric acid) would cause
more damage to sorbing sites or accessibility to the
binding sites than sodium chloride as the cycles
progressed [52].
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Fig. 6. Succesive cycles of Zn(II) sorption—desorption on
H3 hemp (Cy =52.3.2 mg/L; 0.2 g of hemp/50 mL).

The morphological structure of Zn(I)-loaded hemp
fibers and acid regenerated hemp was studied by
scanning electron microscopy (Bruker AXS-Microanal-
yse GmbH microscope). Fig. 7 shows images of hemp
loaded with Zn(II) ions (a) and regenerated hemp
fiber (b). SEM images clearly show the morphological
changes occurring on the surface of the hemp fiber
after the Zn(II) sorption—desorption cycles as shown in
Fig. 7.

The obtained results show that Zn(Il) ions can sig-
nificantly be recovered from the hemp after the sorp-
tion process before the material is ultimately disposed
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Fig. 7. SEM photographs of: (a) hemp fibers loaded with Zn(II) ions and (b) acid regenerated hemp fibers.

of into the environment. That is an important fact
which proves that regenerated hemp could be used to
removed zinc metal from water sources without the
threat of the sorbent becoming another point source of
zinc pollution for the environment.

4. Conclusions

The effects of the nature of the desorbing agent
and the contact time on the Zn(II) recovery from metal
ion-loaded hemp were studied. The results of batch
studies show that high efficiency of Zn(I) desorption
is achieved with 0.1 M hydrochloric acid. The rela-
tively poor desorption ability of sulfuric acid was
correlated with the strength of acids. The sodium chlo-
ride solution use resulted in a little larger percentages
desorption than mineral acid solutions. The increase
of NaCl concentration (from 5 to 10%) has the effect of
desorbed Zn(II) percentage increasing. The desorption
process of Zn(Il) with 0.1 M HCl, 0.1 M H,SO,, and
5% NaCl is fast. On the basis of contact time influence,
it can be considered that the desorption process of
zinc ions from hemp by acidic solutions comprises
three steps: desorption of metal ions from the binding
sites of the sorbent—difussion of metal ions inside the
surface of the sorbent—diffusion of metal ion across a
stationary liquid film surrounding the sorbent and
into the bulk film. To assess the reusability of the
investigated wastes of hemp for Zn(Il) removal from
aqueous solutions, three succesive cycles of sorption
and desorption of Zn(Il) were carried out in batch sys-
tems. The percentage of the Zn(Il) desorption from
samples of 1g of H2 hemp decreases significantly
(from 99 to 785.% for 0.1 M HCl and from 86.2 to
74.32% for 10% NaCl, respectively) after three cycles
of sorption—desorption. It should be noticed the

significant increase in the sorption capacity of the
hemp regenerated with NaCl solutions and also the
decrease for hemp regenerated with mineral acids.
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