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Results of a systematic study on the AgI, CdII and PbII ions sorption characteristics and kinetic

properties of an unconventional material produced by introducing sulphydryl functional groups

into natural hemp fibers are presented and discussed. The equilibrium data are analyzed using

the Langmuir and Freundlich isotherm models. The monolayer sorption capacity of modified

hemp is 10.75, 14.05 and 23.00 mg g–1 for silver, cadmium and lead ions, respectively, at

18 °C. The constant of sorption rates calculated by the Lagergren equation is 5.806�10–2 min–1

for AgI, 1.632�10–2 min–1 for CdII and 4.078�10–2 min–1 for PbII ions. The systems under study

offer some new attractive possibilities of selective sorption of various pollutants from aqueous

effluents.
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INTRODUCTION

The need to eliminate some major disadvantages of sor-

bents based on synthetic organic polymers as well as the

general tendency to replace chemical products by natural

ones were the incentives for this research, where some

unconventional materials for wastewater treatment were

studied. These materials, mainly of cellulosic origin, in-

clude tree bark, rice straw, sugarcane bagasse, bamboo

pulp, sawdust, and cotton, flax and jute fibers.

Their remarkable fundamental properties (low cost,

availability, high mechanical strength and porosity, hy-

drophilic character, fast sorption, tolerance to biological

structure, easy functionalization, possibility of being

used as grains of various size, fibers and filters) explain

the increasing attention paid by different workers to

these unconventional cellulosic substrates.1–7

In this context, we used hemp, another commonly

available and inexpensive cellulosic material, both in

natural and modified forms,8–12 in static and dynamic

systems for CuII, CrIII, AgI, CdII and PbII ions sorption.

We used a chelating sorbent prepared by introducing

sulphydryl (-SH) functional groups into natural hemp fi-

bers. In order to obtain a cheap and effective method of

removing metal ions detrimental to life quality, the sorp-

tion and kinetic properties of this material in batch reten-

tion of AgI, CdII and PbII cations from their aqueous so-

lutions were assessed.

EXPERIMENTAL

Sorbent Synthesis

The sulphydryl hemp fibers were prepared according to the

procedure used in the synthesis of a chelating sorbent with

sulphydryl functional groups from natural cotton fibers and

thioglycolic acid.13
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Figure 1 describes the method that was used for chemi-

cal modification of natural hemp fibers with �-mercapto-

propionic acid and acetic anhydride.

Reagents and Solutions

Stock solutions of 10–2 mol dm–3 were prepared by dissolu-

tion of AgNO3, Cd(CH3COO)2 × 2H2O and Pb(NO3)2 and

were standardized gravimetrically. Working aqueous solu-

tions of AgI, CdII and PbII were prepared by appropriate di-

lutions of stock solutions.

Sorption Properties

The sorption properties of sulphydryl hemp fibers were stu-

died in batch conditions of AgI, CdII and PbII cations reten-

tion. For this purpose, samples of about 0.5 g of sulphydryl

hemp fibers were equilibrated for 24 h at 18 °C with 25 mL

of each aqueous solution containing defined amounts of

metal ions. The mixture was then filtrated and the solution

was analyzed for the cation content. The amount of metal

ions sorbed on sulphydryl hemp fibers was calculated from

the difference between the initial and final concentrations

of the solution.

All solutions were analyzed using a Perkin-Elmer 3300

atomic absorption spectrophotometer.

Kinetic Properties

About 0.5 g of sulphydryl hemp fibers were magnetically

stirred for 1 h with 200 mL of the diluted metal ion aqueous

solutions. During the experiment, 0.5 mL of solution was

taken periodically and in these samples, after requisite dilu-

tion, the cation concentration was determined by atomic ab-

sorption spectrometry. It is taken that the volume of, at most,

5 mL of sample withdrawn during each experiment has no

major influence upon the entire volume of aqueous solution

under study.

RESULTS AND DISCUSSION

Although by introducing sulphydryl functional groups

into natural hemp fibers a considerable change in the

cellulosic fibrous material structure was made, their fun-

damental physical–chemical characteristics were unaf-

fected (see Figure 2).
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PURIFICATION OF HEMP PREPARATION OF REACTION

FIBERS MIXTURE

Adding the reagents in

the order:
– Boiling for 4 h in a solution containing

– �-mercaptopropionic acidsoap and soda ash

– acetic anhydride– Washing several times with water

– acetic acid (36 %)– Rinsing with doubly distilled water

– concentrated sulphuric acid– Drying at 45 °C

INTRODUCING THE CHELATING GROUPS by soaking purified hemp

fibers in the reaction mixture for 3–4 days at 40 °C.

VACUUM FILTRATION

WASHING the hemp chemically modified with doubly distilled

water (ca. 20 times)

DRYING OF THE FIBROUS MATERIAL at 40 °C for about 24 h

Figure 1. Scheme of chelating sorbent preparation.

Figure 2. Electron micrographs of: a) natural hemp fibers; b) nat-
ural hemp fibers functionalized with �-mercaptopropionic acid.



It was observed that under appropriate storage, in a

brown bottle and in a cold room, the sorption and selec-

tive properties of hemp sorbent modified with �-mercap-

topropionic acid remained unchanged for 2–3 months af-

ter preparation. The sulphur content of this sorbent was

0.44 %, corresponding to 0.1375 mmole S g–1 of modi-

fied hemp.

To describe the AgI, CdII and PbII sorption charac-

teristics, the experiments were carried out in buffer solu-

tions of CH3COOH–CH3COONa. The experimental data

obtained were analyzed using the Langmuir and Freund-

lich isotherm models.

It was found that the Langmuir type dependence ex-

pressed by Eq. (1):14

q = k c qo / (1 + kc) (1)

where q is the amount of sorbed ion on modified hemp

(mmole g–1); k is the sorption constant; c is the solution

concentration at equilibrium (mole L–1 solution) and qo

is the maximum capacity of sorption (mmole g–1 modi-

fied hemp) between the equilibrium concentrations of

AgI, CdII and PbII ions in the sulphydryl hemp phase and

in the aqueous solution phase, respectively, satisfies

most of the experimental data. Figure 3 shows the

Langmuir equilibrium isotherms for AgI, CdII and PbII

cations retention on the fibrous sorbent under study.

The validity of the Langmuir equation assumes that

a monolayer sorption of AgI, CdII and PbII on a surface

containing a finite number of sites takes place in the

studied systems.

Eq. (1) may be arranged in the linear form (2):

1 1 1

0 0q q kq c
� � (2)

Hence, a plot of 1/q versus 1/c is linear with the in-

tercept equal to 1/q0 and the slope equal to 1/kq0. The

plots of 1/q versus 1/c for AgI, CdII and PbII sorption on

hemp-SH are shown in Figure 4.

The qo and k values derived from these linear Lang-

muir plots are given in Table I.
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TABLE I. Quantitative description of the sorption systems: hemp-SH-AgI; hemp-SH- CdII and hemp-SH- PbII on the basis of the Langmuir
isotherm

Cation qo/ mmol g–1 k a �G

kJ mol–1

Working range of

concentrations

�g mL–1
modified hemp natural hemp

AgI

pH = 5.10

0.100 0.01136 8.648 0.517 –5.258 4.3–64.7

CdII

pH = 5.75

0.125 0.02308 7.547 0.541 –4.926 4.5–67.3

PbII

pH = 3.03

0.111 4.687 0.507 –3.765 8.3–124.3

Figure 3. Langmuir isotherms for AgI (�), CdII (o) and PbII (x) ions
sorption on sulphydryl hemp fibers.

Figure 4. Linear Langmuir plots of AgI (�), CdII (o), PbII (x) cations
retention on hemp-SH.



Also, Table I records the values of the separation

factor (a) defined by Eq. (3):10

a = 1 / (1 + kC0) (3)

where a is the separation factor; k is the sorption con-

stant and C0 is the initial cation concentration (�g mL–1).

Values of the separation factor express the essential

features of Langmuir isotherms, the sorption being fa-

vourable for 0 < a < 1.

Variation of Gibbs free energy (�G) for the retention

of AgI, CdII and PbII ions on hemp with the sulphydryl

functional groups was determined from the sorption con-

stant with the aid of Eq. (4):

�G = – RT ln k (4)

The results shown in Table I indicate that by intro-

ducing the sulphydryl functional groups into natural hemp

fibers, the capacity of the unconventional cellulosic ma-

terial in AgI and CdII cations retention3–12 was significantly

improved compared to natural hemp. The results show an

increase from 0.01136 mmole AgI / g on natural hemp to

0.100 mmole AgI / g on hemp-SH and from 0.02308 mmole

of CdII / g on natural hemp to 0.125 mmole CdII g–1 on

modified hemp.

By relating the maximum sorption capacity values

(Table I) to the sulphur content of the sorbent, it may be

concluded that the mechanism of retention is based on the

1:1 complexes formation between the metal ions under

study and the sulphydryl groups superficially grafted on

hemp fibers. This finding is in good agreement with litera-

ture data concerning the sorption of some cations on a re-

sin with thioglycoloyl oxymethylene functional groups.16

Referring to the separation factor values, it is obvi-

ous from Table I that sulphydryl hemp fiber is a good

sorbent for AgI, CdII and PbII ions. The obtained values

for �G are negative (Table I) and indicate a high affinity

of hemp-SH to the tested cations.

Freundlich Isotherm

The Freundlich isotherm is represented by Eq. (5):17

log X/m = log KF + (1/n) log Ce (5)

where X/m is the amount of cations taken up per 1 gram

of modified hemp (mg g–1); Ce is the cation concentra-

tion left in solution at equilibrium (mg mL–1); KF and n

are the Freundlich constants relating to all factors affect-

ing the retention process: sorption capacity (KF) and en-

ergy of sorption (n), respectively.

The plots of Eq. (5) for the tested systems are shown

in Figure 5.

The linear plots in Figure 5 indicate that sorption of

AgI, CdII and PbII cations by complexing with sulphy-

dryl functional groups grafted on natural hemp may also

be expressed using the Freundlich isotherm model.

Table II records the KF and n values derived from

the Freundlich plots given in Figure 5.

As can be seen from Table II, in all sorption systems

under study 1< n < 10. Thus, according to,17 it may be

noticed again that by introducing sulphydryl functional

groups into hemp fibers favourable conditions for selec-

tive retention of AgI, CdII and PbII cations were created.

To compare the Langmuir and Freundlich isotherm

models, the experimental data were statistically proces-

sed by linear regression. The regression equations of y =

ax + b type and the obtained values of the coefficient of

correlation, R2, are given in Table III. The results in Ta-
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TABLE II. Freundlich constants for AgI, CdII and PbII ions sorption
on hemp with sulphydryl chelating groups

AgI CdII PbII

KF 2.30 2.37 2.34

n 4.68 7.76 1.71

Figure 5. Freundlich plots of AgI (�), CdII (o) and PbII (x) sorption
on sulphydryl hemp fibers.

TABLE III. Statistical analysis

Cation Langmuir isotherm Freundlich isotherm

Linear regression equation R2 Linear regression equation R2

AgI y = 1.181x + 10.024 0.9999 y = 0.151x + 2.237 0.8715

CdII y = 1.215x + 7.845 0.9990 y = 0.0721x + 2.335 0.8453

PbII y = 1.853x + 9.034 0.9995 y = 0.2221x + 2.285 0.8139



ble III allow the conclusion that the obtained data fit bet-

ter the Langmuir model (higher values for R2).

Figure 6 represents the dependence of the AgI, CdII

and PbII retention on hemp-SH on the stirring time of the

phases.

On the basis of the kinetic curves in Figure 6, the

constant of sorption rate (k') for AgI, CdII and PbII was

calculated using the Lagergren equation:17

log (qe – qt) = logqe –
k t'

.2 303
(6)

where qe is the maximum amount of cations taken up per

1 gram of SH-hemp at equilibrium (after 24 h), mg g–1; qt

is the amount of cations taken up per 1 gram of SH- hemp

at time t, mg g–1 and k' is the sorption rate constant, min–1.

The plots of the Lagergren equation in the sorption

systems under study are shown in Figure 7.

Values of k' for AgI, CdII and PbII ions on hemp with

sulphydryl groups were determined from the linear plots in

Figure 7 as: 5.806�10–2, 1.632�10–2 and 4.078�10–2 min–1,

respectively. These values reflect the favourable kinetic

properties of the chelating sorbent, indicating the feasi-

bility of hemp-SH applications (fibers, filters, fabrics) in

environmental management.

In this context, in order to emphasize the practical

usefulness of this chelating sorbent, the concentration of

trace amounts of CdII from large volumes of aqueous sam-

ples on sulphydryl hemp fibers was carried out under batch

conditions.5 The results of these experiments are very

promising for removal of various pollutants from aque-

ous effluents.
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Figure 6. Effect of the stirring time on AgI (o), CdII (x), PbII (�) re-
tention by hemp-SH.

Figure 7. Lagergren plots of AgI (o),CdII (x), PbII (�) ions sorption
on sulphydryl hemp fibers. The respective correlation coefficients,
R2, are: 0.7415 for AgI; 0.8913 for CdII, and 0.9217 for PbII.
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Istra`ivanje sorpcije AgI, CdII i PbII iona na vlaknima konoplje sa sulfhidrilnim skupinama

Lavinia Tofan i Carmen Paduraru

Prikazani su i raspravljeni rezultati sustavnih istra`ivanja sorpcije i kineti~kih svojstava AgI, CdII i PbII iona

na nekonvencionalnome materijalu pripremljenom uvo|enjem sulfhidrilnih funkcionalnih skupina u prirodna

vlakna konoplje. Ravnote`ne vrijednosti analizirane su primjenom Langmuirovoga i Freundlichovoga isotermno-

ga modela. Sorpcijski kapacitet monosloja modificirane konoplje pri 18 °C je 10,75, 14,05 i 23,00 mg g–1 za

srebro, kadmij i olovo. Konstante brzine sorpcije ra~unane prema Lagergrenovoj jednad`bi iznose 5,806�10–2 min–1

za AgI, 1,632�10–2 min–1 za CdII i 4,078�10–2 min–1 za PbII ion. Istra`ivani sustav pru`a zanimljive mogu}nosti

za selektivnu sorpciju razli~itih zaga|ivala iz vodenih otopina.
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