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ABSTRACT

Heavy metals are one of the major contaminants firdastrial waste water which causes extensive dgnta the
environment. This study investigated the feagjbilftusing agro industrial waste sorghum hulls ($&t)adsorption
of Ni, Cu, and Zn from simulated effluent. The Sorpprocess was dependent on time, pH and initiatal ion
concentration. Sorption process was rapid at initime and attained equilibrium at about 10 min.t@pum pH for
adsorption was found to be 8.0 for Zn (1l) and 1f@0ONi (II) and Cu (Il) ions. The sorption processs found to be
particle diffusion controlled and of chemisorptiorechanism as the pseudo-second order gave a vedyfigdo the
sorption kinetic data. Cu (Il) had the highest reqabefficiency of 61.23% on 106um particle sizee Bbrption
trend followed Ct>Ni?*> zZn?*. The adsorption equilibrium study showed thatatisorption of the ions was best
represented by the Langmuir model for Cu (Il) iengundlich model for Ni (Il) ion and Temkin modet Zn (II)
ion. Therefore, SH and agro waste can be used asffattive adsorbent for the removal of metal ifnasn
industrial effluent.

Keywords: environment, wastewater, metal ions, sorghum hatlsorption.

INTRODUCTION

Industrialization has created several pollutant&tvhave been released to the environment andoavedestroying
the ecosystem. Among the most toxic and dangepmliutants are heavy metals, dyes, green housesga
volatile organic compounds [1], which are conitareleased to the environment through impropedwtrolled
and unsupervised anthropogenic activities. Heavialm@re one of the major contaminants from indalstvaste
water which causes extensive damage to the envanthrieavy metals are loosely defined and inclutéozic
metals irrespective of their atomic mass [2, 3]JedMy metal poisoning” can possibly include excessimounts of
iron, manganese, aluminum, mercury, cadmium, oyllagm or such a semi-metal as arsenic. To manypfEo
heavy metal pollution is a problem associated waitas of intensive industry. However, roadwaysautdmobiles
now are considered to be one of the largest sowfteeavy metals. Zinc, copper, and lead are tbfethe most
common heavy metals released from automobile exhaasounting for at least 90% of the total metalsoad
runoff [4]. Smaller amounts of many other metals;hsas nickel and cadmium, are also found in rasdff and
exhaust [5].

One of the largest problems associated with thsigtence of heavy metals is the potential for kioamlation and
biomagnifications causing higher exposure for sarganisms than is present in the environment Ihitigb].

Bioaccumulation is the increase in the concentnatiba chemical in a biological organism over timmempared to
the chemical's concentration in the environmeni@aunds accumulate in living organism any time theytaken
up and stored faster than they are broken downafméted) or excreted. Heavy metals can enter arnveatpply by
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industrial or consumer waste, or even from acid takeaking down soils and releasing heavy metats streams,
lakes, rivers, and groundwater [7].

Copper is an essential substance to human lifeinbliigh doses can cause anemia, liver and kidreeyade, and
stomach and intestinal irritation [3]. The most eoom reaction of nickel is skin rashes at the siteomtact. Less
frequently, allergic people have asthma attackiovishg exposure to nickel. Lung effects, includiegronic
bronchitis and reduced lung function, have beereniesl in workers who breathed large amounts of ehick
Inhalation of fumes may result in sweet taste, dhmryness, cough, weakness, generalized achiiiltg, daver,
nausea and vomiting [8]. Zinc chloride fumes hagsesed injury to mucous membranes and pale grayosigan
Ingestion of soluble salts may cause nausea andiagrf3].

Biosorption is a property of certain types of im&et non-living microbial biomass and agricultubgl-products, to
bind, concentrate and sequester heavy metals femgndilute aqueous solution [9]. Biosorption wasealeped to
remove pollutants from aqueous solutions to replameventional methods such as reduction or oxidation
exchange, filtration, electrochemical treatmentptbheane technology, evaporation recovery, chemicadipitation,
chemical coagulation and solvent extraction [1djjcl are quite complex to carry out and expensivelttain [11].
These biosorbents can also be referred to as noventional adsorbents as they serve as meansatinge=ffluents
or wastewater. They can be highly selective, chesagh efficient compared to other conventional adsotrbike
activated carbon, silica gel, zeolite, etc [12]. the commercial adsorbents used to remove heavglsniet the
wastewater are expensive, cheaper alternativeve sis adsorbents have been developed.

Many biosorbents have been used as adsorbentsakie iemoval such &cus religiosaleaves [13]gcitrus limett
peel [14], coconut fibre [15], Bitter lea¥/érnonia amygdaling[16], sunflower waste biomass [17], fluted punmpki
pods [18] and so on. Sorghum hull waste is a viadorbent since it contains high fibre which woasdist in the
process of adsorption. Sorghum is genus of numespesies of grasses, one of which is raised fangmad many
of which are used as fodder plants either cultivade as part of pasture. The species are natiteofmcal and
subtropical regions of all continents in additienthe southwest pacific and Australasia. Sorghuin the family
panicoideaeand theandropogoneaeThe sorghum speci&érghumbicolor) is an important world crop, used as
food (as grain in sorghum syrup or sorghum molgsgedder, the production of alcoholic beveragesvad as
biofuels [19]. It is an important food crop in Afe and South Asia and it is the fifth importanteegrcrop grown in
the world [20]. In Nigeria, it is one of the majaw materials used in the production of alcoholimks. In this
study, sorghum hull was investigated to ascertaiefficiency in adsorption of heavy metals (niciél, copper (ll)
and zinc (1)) from aqueous solutions. This is atdbution to recent alternative ways by which veastaterials can
be converted to wealth as they can be used indligtias adsorbents for effluent treatment and otiedated
applications.

MATERIALS AND METHODS

Materials

All the reagents used were of analytical reageatigr The metal ions solutions Ni (1), Cu (II) aBd (II) were
prepared from Nickel acetate Nidz0,),) 99% assay, Copper tetraoxosulphate (VI) (C)S8% assay and Zinc
tetraoxosulphate (VI) (ZnSP99% assay. The Sorghum hulfghum bicoloy were sourced from Consolidated
Brewery, Awomanma in Imo State, South East Nigeklaglassware and plastic wares were washed wgibrdsed
water and rinsed with 0.1M HCI to eliminate errors.

Adsorbent Preparation

The sorghum hulls were washed and air dried ingragjon for the adsorption analysis. The air dsecghum hulls
were crushed with a manual blender to smaller gdagtiand sieve analysis was performed using a meisieve
screen to obtain final sample sizes of 106 um &t Pm. The screened sorghum hulls powder was fusiteked

in excess of 0.3M HN@solution for 24 hours. It was then filtered throuWhatman No.41 filter paper and rinsed
with deionised water. The rinsed sorghum hulls water air dried for 24 hours. The biomass wasvattd by
treatment with 0.3M HN@solution which also aids in the removal of anyrikebr soluble biomolecules that might
interact with metal ions during sorption.

Preparation of Adsorbate Solutions for Sorption Stulies

Stock solutions of 1000 ppm of each of the metasi@u (1), Ni (II) and Zn (ll) were prepared. Thafter, serial
dilutions were carried out on the stock solutiom®btain working solutions of 10, 20,30,40,50 ppheach of the
metal ions. The concentrations of these solutioesewconfirmed using Atomic Absorption Spectrophatten
(AAS) model GBC SCIENTIFIC AVANTA PM AAS A.C.N 0052686 manufactured by GBC Scientific
equipment Ltd, Australia.
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Effect of Initial Concentration of Adsorbate on Equilibrium Sorption

Equilibrium sorption studies were carried out adaog to the procedure previously described [21}p8on of Ni
(11, Cu (1) and Zn (1) were carried out for eaddsorbent (106 um and 250 um) at pH of 6.0 angeaesmture of
28C. 100 cm of standard solutions of each metal ion with vagyconcentrations were transferred into 256 cm
Erlenmeyer flasks and labeled. Thereafter 0.2 gawh adsorbent (106 pm and 250 um) was weighedthnto
different flasks and agitated in a shaker for After that, the content of each flask was therffdtd using Whatman
No.41 filter paper.

Effect of Contact Time

Studies on kinetics of sorption were carried owoading to the method described by Dermibas e22]. [Kinetics
of sorption for Cu (Il), Ni (Il) and Zn (ll) ions &s carried out for each adsorbent (106 um and 250atipH of 6.0
and temperature of 28. 100 cm of standard solutions of each metal ion, initiahcentration of (50 mg/L) was
transferred into various 250¢r&rlenmeyer flask and labeled. Then 0.2 g of eatsodent (106 um and 250 pm)
was transferred into the different flasks and agitan a shaker for different contact times (10,58(070,90 min).
After each agitation time, the contents of thekfla®re then filtered using Whatman No.41 filter pap

Effect of pH

Sorption studies at different pH were carried cutording to the procedure described by Hors#alal [23]. The
effect of pH of the solutions of each metal ion (@, Ni (II) and Zn (ll)) was determined for eaelisorbent for
one hour at Z&. 100 cm of 50 mg/L standard solution of each metal ion waed. 0.2 g of each adsorbent (106
pm and 250 pm) was added. The pH of each solutamaajusted to 2, 4, 6, 8 and 10 respectively usibiyl HCI

or 0.1M NaOH. Each solution was placed in a rotsmgker and agitated for one hour after which thetesd of
each flask was filtered using Whatman No.41 fiiaper.

At the end of each experiment, the residual comagah of metal ions in the filtrate was determinesing Atomic
Absorption Spectrophotometer (AAS) model GBC SCIHNT AVANTA PM AAS A.C.N 005472686
manufactured by GBC Scientific equipment Ltd, AaB&.  The concentration of each metal adsorbethet
different parameters for each type of adsorbend wges calculated by difference. The differencehia metal ion
concentration of the solutions before and afteption gave the amount adsorbed by each adsorbbatrédmoval
efficiency of the metal ions were calculated by ¢l@ation

% Removal = (gC,) x 100 (1)

Where q is the sorption capacity given by;
% = (G -CG)/m) V (2)

C, and G are initial and final metal ion concentration (itgrespectively; V is the volume of the solutioreds(L)
and m is the mass of the adsorbent used (g).

RESULTS AND DISCUSSION

Effect of Initial Concentration

The results for the effect of initial concentratiom sorption of Ni (1), Cu (ll) and Zn (II) ionsndo SH are shown in
Fig. 1.1t could be observed that among the metal ions(liFwas adsorbed more than Ni (1) and then folkaby
Zn (1) ion. Also, the amount adsorbed increasethasinitial metal ion concentration was increasgdept for Zn
(1N ion which decreased. The increase in amousbdukd as initial metal ion concentration was iasegl has been
reported [24-26]. Initial concentration has beguoréed to affect sorption of metal ions [27].

Effect of Contact Time

The effect of contact time is shown fitig. 2. From Fig. 2, the rate of adsorption of each mbiathe 250um
adsorbent increases as time increased from O mid@nd then to 20 min where it had the highesptsam. This
was followed by a relatively slower rate up to aximaum time of 90 min for Cu (ll), Ni (Il) and ZnIfl It was also
observed that increase in amount of each metalaoied with the adsorbent and the metal ion. F@ub®particle
size, the adsorption increases from 0 to 10 mia peak at 20 min and then decreased up to 90 mithndometal
ions. This could be attributed to surface satumatithe time of the peak sorption might be the puwihere all the
sorption sites were completely filled with metahso It decreased afterwards because of unavaikitdeas the
metals there had to compete for the available asiées. The amount of each metal adsorbed by dserbents
varied, with copper (l1) being the highest adsorbédle zinc is the least adsorbed. The trend i§"&Ni*">Zn?".
The effect of contact time on sorption of metalsdras also been reported [24-27].
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Fig. 1: Sorption capacity against initial concentration for adsorption of Ni{l1), Cuf11) and Zn(l1) ions onto sorghum hulls
Ni(l1), Cu(l1) and Zn(11) ions onto sorghum hulls

pH Study of Cu (II), Ni (II) and zn (lI)

The pH of the adsorbate solution is one of theofacthat influence adsorption. It affects the stefaharge of the
adsorbent, level of dissociation of functional grswn the adsorbent surface, degree of ionizatidnspeciation of
the adsorbate, solubility of metal ions and conegioin of the counter ions in solution [28, 29]n& sorption of
metals at various pH values is affected by chemibaracteristics of the metal, the degree of sompthay be
influenced by the ionic radius of the metals. loradius affects the sorption capacity of each nedat affects the
ease of hydration and transport mechanism of thalme the adsorbent. Niwith the least ionic radius was more
highly adsorbed than the other two metals. Figh@ws the graph of percentage of metal ions adsoagadhst
initial pH. From the results obtained, nickel hhe highest amount adsorbed at pH of 10; this whswed by
copper and then zinc. This result shows that adisorgras high mostly at pH of 10 for Ni (II) and @) and at pH
of 8 for Zn (ll) ion. It can be deduced that thege of adsorption of the metal ions is in the ordé
Ni?*>Cu#*>Zn*". The low metal ion sorption at pH of 2-4 couldad=ea result of hydrogen ions competing with the
metal ions for sorption sites [30, 31]. This is dese the influence of protons in solution leadsharge reversal on
the adsorbent surface which favours the columbiraaton of the metal ions thereby leading to autidn in the
binding ability of the adsorbent. When the pH isre@ased, the hydrogen ions are gradually dissatiate the
positively charged metal ions are associated wéh binding sites [32].
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Fig. 3: Sorption capacity against pH for adsorption of Ni(ll), Cu(ll) and
Zn(l1) ions onto sorghum hulls

-20

Adsorption Equilibrium and Sorption Isotherms

The Langmuir, Freundlich and Temkin isotherm modekre used in the adsorption equilibrium study. The
isotherms batch study was carried out by varyirgitiitial adsorbate concentration in the range ®@hig/L to 50
mg/L. The batches were run with adsorbent condistef.2g and contact time of 60 min. The lineanfe of the
Langmuir, Freundlich and Temkin isotherms are giasii32]:

Langmuir : 1/6e =1/ 0K ) (1/C) + 1/0hax 3)
Freundlich: INg=INnKe+ (1/n) In G (4)
Temkin: 0= (RT/by) In Ky + (RT/by) In G (5)

Where ¢ is the maximum sorption capacity on complete mayed coverage; KL is the Langmuir constant; KF
and n are Freundlich constant and exponent respégti by indicates the adsorption potential of the adsdrkien
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is the Temkin isotherm constant (dg); q. is the sorption capacity at equilibrium (mg/g) i€ the equilibrium
concentration of adsorbate (mg/L).

The plot of the Langmuir isotherm of l/against 1/€is shown irFig. 4. Fig 4a for 106 um particle size and Fig 4b
for 250 um particle size. From the slope and imptg, the values of maximum sorption capacity.jgand
Langmuir isotherm constant (Kwere obtained.
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Fig 4: Langmuir isotherm plot; 4a for 106 um partide size and 4b for 250 um particle size

The plot of the Freundlich isotherm of lpagainst In €is shown inFig. 5, (a) for 106 pm particle size and (b) for
250 um particle size. The Freundlich isotherm camisfk:) and exponent (n) were obtained from the interepk
slope of the plots respectively.
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Fig 5: Freundlich isotherm plot; 5a for 106 pum paricle size and 5b for 250 um particle size

The Temkin isotherm was evaluated by plottin@gainst In €and this is shown ifig. 6, (a) for 106 pm particle
size and (b) for 250 um particle size.
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Fig 6: Temkin isotherm plot; 6a for 106 um particlesize and 6b for 250 pum particle size

71
Pelagia Research Library



Imaga C. et al Der Chemica Sinica, 2014, 5(3): 67-75

The constants A and B were obtained from the iefgicand slopes of linear plots respectively. A# tsotherm
constants and the coefficient of determinatiof) @e shown iable 1

Table 1: Sorption isotherm constants for adsorptiorof Ni (II), Cu (Il) and Zn (ll) ions onto  Sorghum hulls adsorbent of 106 pm and
250 um particle sizes

Langmuir Freundlich Temkin
Metal ions max Ky 2 Ke 2 br 2
(rgg/L) @i¥mg) F R mgy " RO K ggmoy R
106pm
NiZ* 50.487 0.012 0.667 0.999 0.234 0.803 0.998 0.171 1730. 0.971
cu® 71.429 0.020 0.500 0.957 0.053 0.644 0.993 0.163 2710. 0.978
Zn* 5.376 0.018 0.535 0.965 0.054 0584 0.965 0.122 480.1 0.901
250pm
NiZ* 68.712 0.015 0.572 0.998 0.055 0.584 0.990 0.187 1800. 0.984
cu® 131.085 0.013 0.602 0.999 0.109 0.760 0.998 0.143.2870 0.963
Zn% 8.569 0.020 0.502 0.981 0.006 0.426 0.981 0.116 160.1 0.840

From Table 1, the Langmuir adsorption coefficientwhich is related to apparent energy of adsorphiorall the
metals is high. This indicates steep beginninghefisotherm reflecting high affinity of the adsanbeThe highest
value of maximum sorption capacity,f corresponding to monolayer coverage for the nieted adsorption was
obtained for copper as 131.08 mg/L and 71.42 mgfl260pum and 106um sizes respectively. The ordgyffor
both pore sizes is Cu>Ni>Zn. The result shows tbaper is best described by the Langmuir model.

The suitability of the Langmuir model is testedthg separation factor §Swhich is an essential characteristic of
the Langmuir isotherm. The separation factor iggity [33]:

S =1/(1 + KCo) (6)

Where K and G are the Langmuir constant and initial concentratid metal ions respectively. The separation
factor is shown irFig. 7. The isotherm is favourable when 09 and unfavorable wher $ 1 [33]. From Fig. 1,

it could be seen that all the values are betweand01, that is 0<S< 1 and this means that all the separation factor
for the adsorbent is less than unity, showing thatsorption of the metal ions on the adsorbef#visurable under
the conditions of this study.
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0.9 -
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079 —4&— zn (Il) 106pm
0.6 -
& 05 == Cu(ll) 250pm
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0.2 - Zn (Il) 250pm
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0 T T T T T 1
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Fig. 7: Separation factor for adsorption of Ni(ll), Cu(ll) and Zn(ll) ions onto
sorghum hulls

The R values show that Freundlich isotherm is a good ehddr the metal sorption. The rate of adsorption
increases in the order Ni > Cu > Zn for both paees This trend may be attributed to the smalicoadius of
Nickel leading to its high adsorptivity. It is alsdserved that the n value which is a heterogerattor of the
metal ion adsorption are all less than unity, tindicating a stronger bond between the metal iomd the
adsorbents. Research has shown that the morevthkies approximate to unity, the closer the sompfirocess is
represented by Freundlich isotherm [23, 34].

It is also observed that the Temkin isotherm magsierally fits the adsorption process on the adsagbof 106pum
and 250um particle sizes for Ni Cu** and ZA" because their Rvalues are relatively high. The constant b
describes the energy required for a transition fittwe physisorbed surface to a possible primary enved
surface [32]. It apparently depicts transition frguhysisorption to chemisorption. Ther Ks the rate constant
required to transit through the two phases. Theswtiice adsorption energy-fbfor 106 um size were (0.1732
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kdmol™* for Ni?*, 0.2709 kJmet for CU#* and 0.1483 kImdifor Zr#") and for 250pum size were (0.1800 kJthdr

Ni?*, 0.2867 kdmet for CUf*, 0.1163 kJmet for Zr*"). zr** has the least energy indicating that it is theaien

that is easily adsorbed by the adsorbent. The tirertide rate of metal removal is Zr Ni**> CU** for both pore
sizes.

From the average®¥alues of the isotherms for the two particle sizelsich gave; for Langmuir 0.9737 and 0.9927;
for Freundlich 0.9853 and 0.9897 and for Temki®500 and 0.9290; for 106 um and 250 um sizes résphc It
can be generalized that the Langmuir isotherm destribes the sorption on 250 um size while theurkitch
isotherm best describes the sorption on 106 pnicpsize.

Comparative Study

The maximum sorption capacity for monolayer coverémg,,,) from this study was compared with that reported i
literature for Cu (ll), Ni (II) and Zn (Il) ions owther adsorbentS able 2 shows the comparison of adsorption
capacities of Nickel (1), Copper (II) and Zinc)libns using different biosorbents with that obéairfrom the results
of this study. From Table 2, it could be seen thatbiosorption capacities of sorghum hulls compdasourably
with other adsorbents mentioned. In some cases}théor sorghum hulls is higher and in other casegis lower.
Therefore, it could be noteworthy that sorghumkive high potential for removal of Cu (Il), Ni)(&nd Zn (11)
ions from aqueous solution. Also, the table cleaiows that sorghum hull has the potential to hesffective
biosorbent as the efficiency is relatively high aednparable to other biosorbents.

Table 2: Comparism of biosorption capacities of sghum hulls and some adsorbents reported in literatee

Metal ion Adsorbent Onax __Reference  Metal ion Adsorbent Hax Reference

Tea waste 48.0 [35] Chitosan coated PVC 120.5 [43]
Orange peel 50.0 [36] Beal tree leave powder 1.527 [44]
Potato peels 0.38 [37] Ni(ll) Activated carbon from almbongk  37.175 [45]
Newspaper pulp 10.94 [38] Palm shell activated @arb 0.130 [46]

cu(iny Spent tea leaves 90.00 [39] Sorghum hulls (106um) 2.62L  This study
Pomegranate peel 13.87 [40] Sorghum hulls (250 um) 17.178  This study
Dried sunflower leaves 89.37 [41] Maize wrapper 111.111 [47]
Cassava tuber bark waste  33.3 [42] Zn(ll) Lady fern |eedtey 0.051 [24]
Sorghum hulls (106 um)  17.86  This study Cassaverthbrk waste 22.2 [42]
Sorghum hulls (250 um)  32.77  This study Naturatbeite 57.14 [48]

znqry  Keolin 87.03 48] Zn(l)  Sorghum hulls (250 um) 2142  This study

Sorghum hulls (106um) 1.344  This study

Sorption Kinetics

Sorption kinetics is another important factor irs@agbtion systems design and monitoring. It shoves rite of
sorption reactions and is used to determine thect¥e hydraulic retention time in reactors. Thihi@nces effective
design of reactor columns. The sorption kineticezipental data was modeled by pseudo-first anddessacond
order kinetic equations. These equations are réspscgiven as [13]:

Pseudo-first order: In (G —q) =In g —Kit (7)
Pseudo-second order: t/g.=1/h + t/q. (8)

where @ is the equilibrium biosorption capacity, ig sorption capacity at any time t; k the rate constant for
pseudo-first order rate constant and initial sorptrate h = K,q> where K is the pseudo-second order rate
constant.

The plot of the pseudo-first order is not showrthesdata could not be generated because pseutiorfier did not
give any measure of fit to the kinetic data. Thet joif the pseudo-second order is showirig 8. It could be seen
that good straight lines were obtained withvlues of 0.897-0.999. Cu (Il) gave the bestdiiofved by Ni (1) and

then Zn (11). The constants for pseudo-second gptteris shown inrable 3.

From Table 3, it could be seen that for 106 pmiglarsize, g K? and h varies as: Cu(ll) > Ni(ll) > Zn(ll); Ni(ll) >
Zn(I) > Cu(l); Ni(ll) > Zn(ll) > Cu(ll) respectiely and for 250 um as: Cu(ll) > Ni(ll) > Zn(ll); NI) > Cu(ll) >

Zn(I1); Ni(11) > Cu(ll) > Zn(I1) respectively. Théigher values of Rand the closeness of the calculatggajues to
the actual values indicate that the pseudo-secoaet anodel gave a very good fit to the kinetic ekpental data.
Similar results have been reported [25, 49, 50pr@korptive bonds have been reported as the ratiénig step in
pseudo-second order model [51], which has beerrtesppas a more superior model for binding of dimtieations
[52].
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Fig. 8: Pseudo second order plot for adsorption of Ni(ll), Cu(ll) and Zn(Il) ions onto
sorghum hulls

Table 2: Pseudo-second order constants for sorptiasf Ni(ll), Cu(ll) and Zn(ll) ions onto Sorghum hul Is adsorbent of 106um and 250
um particle sizes

Constants (units)

Metal ions ge (Mmg/g)  Ky(g.mg min® h,(mgg'min!) R?

106 pm

Ni(ll) 35.71 0.0212 27.03 0.994

Cu(ll) 58.82 -0.145 -500.00 0.999

Zn(Il) 12.82 -0.014 -2.24 0.982
250 um

Ni(ll) 37.04 0.026 35.71 0.996

Cu(ll) 62.50 0.015 58.82 0.998

Zn(Il) 24.39 0.003 1.72 0.897

CONCLUSION

This study shows that sorghum hull, an agro indalsivaste can serve as a low cost biosorbent ®rémoval of
Ni (1), Cu (Il) and Zn (II) ions from aqueous stibn. The maximum sorption capacitygwas highest for Cu(ll)
and lowest for Zn(ll) ion. The two particle sizéwwed good sorption efficiency for the metal iohkree isotherms
namely the Langmuir, Freundlich and Temkin wereofaably applied to model the sorption equilibriuratal

Pseudo-second order gave very good fit to the imorjtinetic data. Thus in this research, sorghurtshas an
adsorbent have been proven to be a good sorbemigfiad ions removal. Further study can be carrigd@improve
the efficiency and performance of Sorghum hullhie &reas of activation and modification of the pemudsing

different organic solvents.
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