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ABSTRACT

A study has been conducted to study the uptake of radioeuropium and
radiocesium as representatives of fission products in addition to the element
chromium as a heavy metal ion, straw and sugarcane residue as representatives of
natural cheap materials.

Radiometric measurements and spectrophotometric analysis of concerned
elements were the techniques adopted in this work. Factors affecting the uptake
behavior of the studied elements on different types of straw (Rice, Wheat and
Maize) in addition to sugarcane residue were studied. Such factors are the pH,
contact time, ion concentration and type of media.

The uptake % of Cr(III) on straw and sugarcane samples is found to reach 100%
at pH=l, while that of Cr(VI) does not exceed 15% on the same samples at higher
pH values. While uptake % of Eu(III) reaches 75% with all studied materials. The
uptake % of Cs(I) on straw and sugarcane samples is found to be 80% in a short
time then decreases sharply.
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INTRODUCTION

Recently, the adsorption of some radionuclides by natural materials have been investigated (I"4).
The use of cellulose materials and wood powder in adsorption of some radionuclides has been
reported(5'7). The retention of the elements Np, Pu, Am, Sm, Zn and Cs which may exist in radioactive
waste matrix, has been carried out using clay and zeolite(8). Certain plants as natural materials were
used for the adsorption and decontamination of some heavy metals from polluted water (9). Straw
pretreated with concentrated nitric has been used as an adsorbent in column ()0). It is used for
separating thorium from uranium and its daughters, where the absorbent showed high absorbability
and high affinity to thorium.

In the present work studies on the adsorption of 1S2+154Eu and 137Cs in addition to chromium as
a toxic heavy metal, on different kinds of straw of rice (RS), wheat (WS), maize (MS) and sugarcane
residue (SC); have been undertaken.

EXPERIMENTAL

Different kinds of straw samples (rice, wheat and maize) were collected in dry manner after harvest
seasons. All the collected samples were air-dried then placed in an oven for two hours at 110 °C. to
assure of complete drying. The straw samples were grinded mechanically. The fraction having the
diameter 0.63 mm was selected. All the selected samples were used without any chemical treatment
and were characterized using IR spectrophotometer of type FT BOMEN, Canada. The radioisotopes
152+154̂  an (j B7£s w g r e u g e j tQ t r a c e t | i e corresponding elements using highly pure germanium

detector (HPGe) connected to a nucleus computerized multichannel analyzer of type Genie-2000
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Canberra. A ratio v/m of a value 100 ml/g. was maintained unvaried for all the conducted
experiments. The element uptake percentage is calculated as follows:

A0-(A t + Aw)
Uptake % = — X 100

Ao is the initial ratio activity in the aqueous solution.
At is the final ratio activity in the aqueous solution at time t.
Aw is the ratio activity adsorbed on the walls of the tube.

For the element Cr its content in the aqueous solution was measured spectrophotometrically, by
measuring the absorbance at wave length 540 nm following a calibration curve Fig. (1) using
a spectrophotometer of type 330 Perkin Elmer.

RESULTS AND DISCUSSION

The results obtained in the present work are summarized and discussed in the following sections.

1) Results on the Sorption Studies of Cr(III):

The factors affecting adsorption process of chromium on straw and sugarcane samples, which are
studied in this work, are the pH, contact time and element concentration. The results of the effect of
pH variation on the adsorption of chromium on sugarcane residue and different straw samples are
shown in Figs. (2a, 2b). As shown in these figures, 100% adsorption of chromium is observed
(i.e. complete adsorption). With increasing pH values, the adsorption of Cr (III) decreases sharply till
pH = 4. Sugarcane residue shows slightly higher ability to adsorb Cr (III) in pH range 3 - 4 than the
other straw samples. The decrease of adsorption of Cr (III) with decreasing the acidity is likely
explainable by oxidation of Cr (III) to Cr (VI).

Figs. (3a, 3b) show the effect of contact time on adsorption of Cr (III) from sulfuric acid media at
pH = 1 . Cr (III) uptake percent reaches its maximum value 100% for rice and maize straw samples
after shaking time of 2 h. Also Cr (III) is completely adsorbed by sugarcane residue and wheat straw
samples (uptake% of Cr (III) = 100) after 3h. of shaking time. So, an equilibration time of 3h. for all
straw samples is the accepted time.

Adsorption isotherm of Cr (III) is carried out using different concentrations of Cr (III) in sulfuric
acid medium of pH = 1 on rice straw sample. The amounts of Cr (III) adsorbed per gram (X/m) in
meq.g"' are plotted against Cr (III) concentration [C] on logarithmic scale, Fig. (4). The plot in this
figure gives a straight line of slope = 1. This linearity of the isotherm means that the adsorption
process follows Freundlich isotherm. This means that the adsorption of Cr (III) cation on straw and
sugarcane residue samples takes place through the formation of a single monolayer of sorbed ionic
species ("'. This finding agrees with that published for the adsorption of various metal ions on
cellulose(12), and wood powder(7ll3).

The Freundlich isotherm is represented by the equation:

X /m = KC 1/n

Where, K and 1/n are empirical constants depending on the nature of both aqueous and solid phases
used at constant temperature.
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Fig.(1);Qalibration curve of adsorption of Cr(lll)
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Fg.(2a): Effect of pH variation on the adsorptbn of chrorrium
by rice straw and sugarcane residue samples.
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Fig (2b): Effect of pHvariatbn on adsorptbn of chnonrium
by wheat and maze sfrav samples.
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Fig. (3a): Bfect of contact tine on adsorption of C r(ll[) from sulfuric
acid solution by rice straw and sugarcane residue samples at pH=1
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Fig.(3b): Bfect of contact tim e on adsorption of C r{\\) from suf uric
acid solution ty maize and wheat straw samples at pH=1.
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by rice straw sarrple from siifuric acid solution at pH=1

0

64



2) Results on the Sorption Studies of Eu(HI):

Results of the effect of pH variation on the adsorption of Eu (HI) on sugarcane residue and straw
samples from sulfate solutions are given in Fig. (5). The plots in this Fig. show that the highest
uptake % of Eu (III) on straw samples reaches 80% at pH = 3.5 and that for sugarcane, it reaches 78%
at pH = 3. Results on the effect of variation of both HC1 and oxalic acid concentration on the
adsorption of Eu (III) on sugarcane residue and different straw samples are presented in Figs. (6 & 7),
respectively. It is clear that there are no clear difference for the adsorption behavior of Eu (III) in the
two cases. Where, adsorption of Eu (III) on wheat straw decreases to the lowest value (Eu (III)
uptake = 5.36 %) at acid concentration of IN HC1. Also, Eu (III) adsorption on sugarcane residue
decreases to the lowest value (Eu (HI) uptake = 5.3 %) at acid concentration of IN oxalic acid.

On the other hand, Eu (III) adsorption increases gradually till it reaches its maximum value on
sugarcane residue (Eu (III) uptake = 62.9 %) at 3N HC1 and uptake = 70 % at 3N oxalic acid. Under
the experimental conditions studied it might be obvious that the nature of the anion (Cl" or oxalate) in
the aqueous phase has a little or perhaps no influence on the adsorption of Eu (111) on the sorbents
used.

Results of the effect of contact time on the adsorption of Eu (III) from nitrate media of pH = 3.5 on
the studied sorbents are given in Fig. (8a). It is obvious that Eu (III) uptake % reaches its maximum
value for straw samples (75%) after a shaking time of 80 min. and at the same time it reaches its
equilibrium state. All straw samples have more or less the same sequence for Eu (III) adsorption from
this media. Sugarcane sample shows a slightly higher uptake % of Eu (III) than the straw samples at
the same time.

The adsorption of Eu (III) from nitrate solution of pH = 3.5 is studied statically on rice straw and
sugarcane samples, Fig. (8b). The uptake % of Eu (III) reaches 80% on sugarcane sample and reaches
75% on different straw samples at 16h. These uptake percentages are nearly the same, which are
obtained in dynamic adsorption case but the equilibrium time is decreased to 80 min. in the later case.
So, it could be deduced that 2h. contact time is enough for shaking the two phases when studying the
effect of other parameters on the adsorption process.

Results of the effect of element concentration on the adsorption percentage of Eu (HI) are shown in
Fig. (9). Different concentrations of stable europium nitrate are added to active europium and the
adsorption of Eu (III) from the nitrate solution of pH = 3.5 on rice straw sample has been investigated.
The amount of Eu (III) adsorbed (X/m) in meq. /g. is plotted against the carrier concentration [C] on
a logarithmic scale. The relation obtained is linear with slope = 1 and the amount of Eu (HI) sorbed
per gram increases with the carrier concentration. This finding agrees with the Freundlich isotherm.

3) Results on the Sorption studies on Cs(I):

Effect of the pH variation on adsorption of Cs (I) on different straw and sugarcane residue samples
has been investigated, Fig. (10). The maximum uptake % of Cs (I) by rice straw and sugarcane
samples (49.6% and 38%) respectively, occurs at pH = 7.1 followed by a decrease with continuous
increase of pH.

Effect of contact time on adsorption of Cs (I) from ammonia solution at pH = 7.0 using different
straw and sugarcane samples has been investigated and results are given in Fig. (11). With sugarcane
the uptake % reaches 40% after 2h. of shaking time. For straw samples the uptake % reaches 50%
after 75 min. of shaking time at which the equilibrium is attained for straw samples.
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Rg.(5): Effect of pH variation on adsorption of BJ(II) on dfferent
straw and sugarcane sarrples from sulphate solution.
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Fig. (8a): Effect of contact trre on the adsaption of Eu(li) on different straw
and sugarcane samples from nitrate media of pH=3.5

1
3

80

60

40

20

nt

/@§p@ ©
ml

{
I
) , 1 , 1 » ! • I • 1 , I

@

— • — SC
—©—RS

• i

0 20 40 60 100 120 14080
Tims, h.

Rg(8b): Bfect of contact firm on the adsorption of Eu(lll) on rice straw
and sugarcane samples f romnitrate rred ia cf pB=3.5 (Staticaly)

160

68



0

-2 -

-4 -

CD

a -6

-8 -

-10

•

1 . 1 . 1

•

B

— B — Billl

1 1

-8 -6 -4 -2 0

Rg(9): Bfectof carrier concentration on adsorption
of BJ(III) by rbe straw sarrple.

Fig.(10): Efect of pH variation on adsorption of Cs(D on

different straw and sugarcane samples.

69



50 150100
Ti ire, Mn.

Rg.(11): Effect of contact time on adsorption of C5(D fromamonia
solution at pH=7.0 using different straw and sugarcane samples.

200

70



The effect of contact time on the adsorption of Cs (I) on rice straw and sugarcane samples from
distilled water of pH = 5.2 has been investigated and reported in Fig. (12). The plots in this figure
shows unexpected Cs (I) uptake = 80% in a short time after 10 min. shaking time. Then Cs(I) uptake
decreases sharply to get equilibrium after 80 min. reaching 20% and 10% for rice straw and sugarcane
samples respectively.

It is known that the straw and sugarcane residue composition is mainly cellulose structure, rice
straw as an example is composed of 43% cellulose, 25% hemicellulose, 12% lignin, 3-4% crude
protein and 16-17% ash silica(l4>15). IR spectra of the samples studied in the present work are given in
Figs. (13,14). The presence of -CH, -CH2 and -OH are confirmed through straw IR spectra from their
characteristic adsorption peaks at 3000-2900, 1450 and 3500-3200 cm'1 , respectively. These findings
agree with the published work(15>16).

Hence it could be deduced that the adsorption of the studied cations on straw occurs through
physical adsorption mechanism between the positively charged cations of the element and the
negatively charged straw molecule (cellulose molecule) as a result of the coordination through the lone
pairs of electrons of its oxygen atoms.

CONCLUSION

The different studied straw samples in addition to sugarcane sample as naturally cheap materials
could be used successfully for not only adsorption of the studied environmentally hazardous elements
Cr (III), Eu (III) and Cs (I) to a finite uptake %, but they also could be used successfully for complete
adsorption of each element at certain experimental conditions by successive experiments. So these
natural cheap adsorbents find good application in radioactive waste fractionation.

Finally the very cheap naturally available materials; straw of rice, wheat, maize as well as
sugarcane residue find valuable economic application in cleaning the environment from a varity of
elemental pollutants.
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