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ABSTRACT

Attempts were made to compare the adsorption efitgi of Asphalt derived Activated carbon
and commercial activated carbon (Calgon carbon BY@ith respect toadsorption of ZnCr°*

and PB* waste water. Freundlich and Langmuir adsorptiontissmwas used to analyze the
adsorption efficiencies of the two activated carorhe result of percentage adsorption and the
two isotherms indicate that, the efficiency ofdAactivated Asphaltic carbon is comparable with
commercial activated (Calgon carbon F-300)Thus, plmeential for using Asphaltic (refining
residue) may be valuable resources for removaZaf” Cr°" and PB* from wastewater.
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INTRODUCTION

Heavy metal is a term, given to the group of mesald metalloids with atomic density greater
than 5g/cm, usually associated with pollution and toxicol@gigproblems (Abdulrahman and
Itodo,2006). They “heavy metals” are a group of ateetand semimetals associated with
contaminations and are potentially toxic. Basedhmse definitions heavy metals are classified
as essential (if they play basic role as componainstal biochemical or enzymatic activities in
human body e.g Fe, Mn, Mo, Cr, V, Zn) and as neeesal if the metals are classified as with
no biological, chemical and physiological importame man (Iltodo and 1todo,2010d).

The contamination of water by heavy metals hasessed over the last few decades due to
industrial processes such as petroleum refinergga® and the development of new technology
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in refining of petroleum (Hiraldet al, 1998). Toxic metals have adverse effect on tladtihef
human, when they penetrated through the human amgdriissue as well as the entire systems.
Cadmium and lead in any concentrated can causetekidamage and toxicity symptoms
include impaired kidney function, poor reproducticapacity, hypertension, tumors, etc.
chromium (VI) penetrates cell membranes and caugesotoxic, effect and cancer
(Abdurrahman and Itodo, 2006). Lead in refinery iwasater with the quantity of 0.1mg/l can
cause chronic poisoning if the water is used cootisly (Prasad, 2004). Metallic toxicant in
effluent, through exposure or ingestion may finelithvay into the body, where they act through
one or more of the following possible mechanismisisTinclude (a) Inhibition of enzymatic
activities, (b) Attacks on cell membrane and resepir (c) Interference with metabolic cations.
In the later case, heavy metals can increase id@yacf the blood which forces the body draw
Ca from the bones to help restore blood pH. Highceatration of Ca in the blood results in
hardening of the artery walls and its progressileckage of the arteries which leads to
osteoporosis (Itodo and 1todo,2010a).

There are large number of method for treatmentffafemt with regard to heavy metals. Some
of the methods are;- chemical precipitation, ioohenge, reverse Osmosis, electro dialysis and
adsorption with activated carbon. All except adeeacarbon, have been found to be expensive
and may not be suitable for developing countride INigeria (Olayinkaet al 2007).
Furthermore activated carbon is the most effecine versatile adsorbent due to its large
specific surface area, pore size distribution dedpresence of different functional groups on its
surface(Olayinkaet al 2007). According to Odebumi and Okeola (2001ghhiependency on
imported activated carbon is due to the minimaleaesh on activated carbon in Nigeria.
Therefore, it is necessary to investigate and agvektivated carbon that is inexpensive and
highly capable of removing heavy metals by adsorptAlmost all carbonaceous material can be
used to manufacture activated carbons if propeelgtéd. Activated carbon has been made from
the blood and bones of animals, hard and soft wooe husk, nutshells, petroleum residue, peat,
lignin, coal, coal tar, pitches and carbon blactodd, 2008, Giraldo and Moreno, 2008).
However, most of the researches on activated cadleeslopment, were on agricultural waste,
with few on coal and Petroleum residue (Kopal angrak, 2007). This reseach focus attention
on the use of petroleum residue for generationct¥aed carbon particularly for treatment of
refinery effluent. Kopal and Loprak, (2007), pregzhractivated carbon from coals by physical
and chemical activation and finally concluded tradtemically modified activated carbon has
high surface area than physically generated aetivaarbons. There are two popular adsorption
methods using activated carbons; column adsorptiethod and the batch adsorption method.
Batch adsorption method is most suitable in sdienthemical research ( to assess the
adsorptive performance of activated carbons), thésefore used by chemists to determine the
adsorption efficiency of activated carbons (Kob&03). Adsorption isotherms is a graphical
representation showing the relationship between ameunt adsorbed by a unit weight of
adsorbent (e.g activated carbon) and the amoumidsbrbate remaining in a test medium at
equilibrium. Langmuir isotherm is the simplest engal model that can be used to describe
monolayer adsorption (Gagg al, 2003).

+ bC
ge —_Qm + bCe

1 + bCe
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The Freundlich model is an empirical equastion tham®e multilayer adsorption (Chiltoet al,
2002).
Qe = KCel/n

MATERIALS AND METHODS

Materials

The Asphalt samples of 60/70 Penetration grade @itfiening point of (51°Z) and Ductility

of (140 cm) from tank 52-84B of KRPC Kaduna wabBembed according to standard procedure
ASTM (D 4057 2000. Stock solution of zn (II) Cr (VI) and P@Il) were prepared by
ZnSQ,.7H,0, NaCr,07.2H,0 and Pb(NG), in deionized distilled water. The commercial carbo
(Calgon carbon F-300) was obtained from sokoto mtadéatment plant.

Generation of activated carbon using HSO, as activation agent.

3g of the asphalt was mixed with 3tmf 1 molar HSQ, (as activating agent).The sample
mixture was kept for 24 hours after which they wsubjected to the furnace at 7G0 for 10
minutes (Diyya’'uddeeret al, 2008). The samples were removed,poured intonviaeer bath;
excess water was drained and allowed to standat temperature. The procedure was repeated
until the required quantity of activating carbonsa@btained. (Gimbaet al, 2004; Turotiet al
2007).To remove surface ash, activated carbon veashed, using 0.1M HCI| (faet al,,2003)
followed by warm water. To remove residual acid bade, the activated carbon was rinsed with
distilled water and washing continue until the ifi 6.6 and 6.8 was ascertained (Ahmadena
al, 2000). The solid was then sun dried, then dmethé oven at 16C for one hour (odebunmi
and okeola, 2001).The dried carbon was slightlyugdoand sieved through No 20 standard
mesh size (0.84mm)( Itodo, 2008).

A generalized equation for the process is as falow

Raw Asphalt + Activating Agent 7000C 10min AC
+ CO2....equation 5

Ash content of Activated carbon
The percentage ash content was calculated bastx dollowing equation (Itodet al, 2010d).

ash (%) = L2=Wo 100 tion 7
S 0 _Wl—WO equa on

Where w = weight of empty crucible
W; = weight of crucible and fresh sample
W, =weight of crucible and ash.

pH and conductivity measurement Activated carbons
The pH and Conductivity was determined accordin@kiemenet al,, 2004)).
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Bulk Density of Activated carbon
The Bulk Density of Activated carbon was calculagedording to the following equation (Rao
et al, 2003) :

g ) __ weight of carbon .
v e e €quation 8

Bulk density in ( = Volume of carbon ™ """

cm3
Yield of activated carbon
The yield of activated carbon was obtained basettheollowing equation (ltodet al, 2010).

w1
Yield(%) = Wo X 100 ...... . cev eou v equation 10

Where W = Original mass precursor, &/ mass of activate carbon.

Batch adsorption tests

The method was in accordance with (Rozatdal, 2003). 0.1g each of 430, treated activated
carbon (HSO;-AC) and commercial activated carbon (COM-AC) weoatacted with 10ci
each of 10ppm, 20ppm, 30ppm, 40ppm and 50ppm &t " and PB* solution in 50cr
beakers. The mixture was shaken thoroughly witrelaatric shaker bath for 2 hours to until
equilibrium. This was followed by filtration, usingiattman filter paper number 42. The
concentration remaining in the filtrate (equilibmiwconcentration) were determined using Bulk
scientific (model, 205) Atomic Absorption spectnogpometer. The percentage removal at
equilibrium was calculated as fallows (Elaigetual, 2009)

(Co - Ce)
e=—" "7

XV .o es e equation 14
m

where G and G are initial and final concentrations of ZnCF** and PB" in ppm). and V is the
volume of solution in litre (L) and m is the weighftactivated carbons in gram (g).

Equilibrium adsorption isotherms

The adsorption data was evaluated using FreundhchLangmuir model. The fitting parameter
and calculated constants as well as graphical septation was obtained by nonlinear regression
analysis using DATAFIT software version 9.0.

The nonlinear Freundlich model is representedh®yfollowing equation; (Sahabt al, 2010)

08 =G . e e et et e et et e e e o @QUAtiON 16

ge = quantity adsorbed per gram of carbons in (jng/s = adsorption capacity, 1/n =
adsorption intensity.

The nonlinear Langmuir model is represented byfdHewing equation; (Sahatat al, 2010).

125
Scholars research library



M.M. Ambursa et al Arch. Appl. Sci. Res., 2011, 3 (6):122-130

Qm + bCe

Qe = 1 T bce vr e e e e €quation 17

Qe = quantity adsorbed per gram of carbons in (ngly, = Maximum theoritical adsorption, b
= Index of affinity.

RESULTS AND DISCUSSION

Some characteristics of Asphalt derived carbortéceith HSO;.

Table 1 present some physical properties ¢8®-AC. The ash content affect prefomance of
activated carbon; high and low ash content resullow and high performance of activated
carbon (Itodo, 2008) . For most applications canaith pH 6-8 is acceptable (Akporhonor and
Egwaikhide, 2007). The pH values for,$-AC (6.6) and NaOH-AC (6.8) are within the
acceptable range. The low % vyield of 12.4% waslted from high activation burn off . The
values for bulk density of 0.595g/mare low when compared to the 0.7621 obtained by
Kadirveluet al,, (2000). The conductivity value for the$-AC (75us/cm) is lower compare to
(683 and 424 ps/cm) as obtained by (Itodo, 2008).

Table 1 : Characteristics of activated carbons

Samples ID HSO,-AC
Ash (%) 4.2 +0.01
Yield (%) 12.4+0.02
Bulk density (g/cm3) 0.59+0.01
Ph 6.6+0.03
E.C (us/cn?) 075+0.02

percentage removal of metals ions

Table 2 present the percentage of'Z&r°®* and PB* adsorbed onto $$0,-AC and commercial
activated carbon (COM-AC). The result shows thidhoaigh adsorption were more favorable
and efficient with reference carbon (COM-AC), itsvalso favorable and efficient with,&IOs-
AC. Because, the percentage adsorbed opBOHAC was close to that of the reference carbon
(COM-ACQC). Since the highest percentage adsorbedCOW-AC is 88%, 79% and 53% for
Zn?*, Cr ® and PB" while H;SQi-AC is 72%, 71.7% and 41% for Zn Cr ®* and PB*
respectively. It's indicate that ,80,-AC and COM-AC are efficiently comparable in
removing these metal ions (ZnCr® and PB*) from waste water.

Table Il : Indicate percentage removal of metal ios ( Zn*?, Cr® and P*) adsorbed onto HSO,-AC and
commercial activated carbon (COM-AC)

H,S0,-AC | COM-AC
Coinmg/L (%) Zn?" (%) Cr3* (%) Pb*>" (%) Zn*" (% )Cr®" (%) Pb*
10 72 71.7 41 88 79 53
20 65.5 58 415 73 65.1 47
30 54.33 49.33 40.07 62.67 56.9 42.6
40 45.58 47.63 36.25 56.25 52.25 39.7
50 44.06 46.02 36.06 50.2 48 38.1
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Adsorption isotherms

Adsorption isotherms are basically important toctiége how solutes interact with adsorbents
and are critical in optimizing the use of adsorbgiMane et al, 2010). From the isotherms the
correlation coefficient R adsorption capacity K, adsorption affinity 1/nakimum theoretical
adsorption (gay and index of affinity (b) are parameter use waleate the efficiency and
economic value of activated carbons. The essent@adels could be described fitting the
adsorption phenomena with” Ralue between 0 -1. The level of fitness indicasefollows;
When R=1 Perfect fit, B=(0.5-0.9) good fit, and R(0-0.4) poor fit ( ltodet al, 2010).
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Figure I : Freundlich isotherm for Zn on H,SO,-AC Figure Il : Freundlich isotherm for Zn on Com-AC
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Figure IIl : Freundlich isotherm for Cr on H ,SO,-AC.  Figure IV : Freundlich isotherm for Cr on Com-AC.

The graphs bellow indicate that, Freundlich isotiefitted well to the adsorption of Znand
Cr ®* onto HSO,-AC and COM-AC with R value (0.972, 0.983) and (0.9991 and 0.967)
respectively. This implies that, multilayer adsapt of these metals ions proceeds over
heterogeneous surface 0§$0,-AC (Olayinkaet al, 2007). The fitting of Freundlich isotherms
are being testify by figure 1a, 1b, 2a and 2b lobel In contrast to Zff and C}* , the
adsorption of PH onto the surface of $$0,-AC and COM-AC were best described by the
Langmuir isotherms, with Rvalue (0.992, 1.000) from table 4 above. Thisficored that, the
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Langmuir model assume the uptake of b have occured on homogenous surface &4
AC and COM-AC by monolayer coverage (Arivoli €2008). The fitting of Langmuir models
were clarified by Figure 3a and 3b.
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Figure V : Langmuir isotherm for Pb on H,SO,-AC. Figure VI : Langmuir isotherm for Pb on Com-AC.

Freundlich and Langmuir constants (K, 1/n, Guax and b) for zn** Cr ®* and PI** onto
H,SO,-AC and COM-AC.

Freundlich isotherms is an indication of surfaceetegeneity. The distribution coefficient, k is
related to the adsorption capacity and the expohhnis related to surface heterogeneity and
adsorption intensity. Favorable adsorption is aadewith 1/n value between 0.1 — 1.0 (Tusti

al, 2007). The lower the 1/n value, the more favardahk adsorption (Sahaéi al 2010). The
Langmuir constant g and b indicate maximum theoretical adsorption emtkx of affinity.
The high gaxand b value the greater efficiency of3@0,-AC(Sahabket al, 2010).

The result From table IlIl show that, the Freundisbtherm described the adsorption capacity
(K) of these metal ions onto,H04-AC as 6.073 and 4.980 for Zrand Cr°* while for COM-

AC as 9.45 and 6.21 for these metals ions. Huasorption intensity (1/n) of A80-AC are
0.051 and 0.064 for Zhiand Cr®* while for COM-AC are 0.020 and 0.036 . since thuea
are within the expected range the adsorption iaarerable and efficient with both 80,-AC
and COM-AC. Becouse of the close agreement of gdhetween F5O,-AC and COM-AC, the
two are efficiently comparable. This also confidrfavorability and efficiency as well as their
closer efficiency of HSQ-AC and COM-AC in removing Z7i and Cr®* from waste water as
earlier described by percentage adsorbed.On tleg bnd the Langmuir isotherm described the
adsorption of PH onto HSO;-AC and COM-AC.The values forgand b are 56.27 and 69.09
as well as 2.062, and 2.982 for,3®,-AC and COM-AC. The result also showed that, the
adsorption is favorable and efficient with bothlbzars. This also confirmed closer favorability
and efficiency of HSO,-AC and COM-AC in removing Pb from waste water. Since the
Freundlich and Langmuir isotherm described tha, #ifficiency of HSO,-AC and COM-AC
are comparable .Therefore, their economic viabdity also comparable.
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Table 11l :- indicate adsorption capacity, adsorgion intensity and coefficient of determination forZn?*,
Cr3*and Pb** adsorption onto H,SO,-AC as described by Freundlich and Langmuir isothems
H,SO,-AC Com-AC
Freundlich Langmuir Freundlich Langmuir
Metal ions | zn** | Cr** | Metalions | PB* | zn*™ [ Cr®" [ Metalions| PU*

1/n 0.051| 0.064 gmax 56.2f 0.02 0.086 gmax 69.09

K 6.073| 4.98 b 2.062 9.45 6.21 b 2.98[18

R’ 0.972] 0.983 R 0.992] 0.9991 0.96} R 0.977

1d. constant :- R= coefficient, of correlation, K = adsorption capaciind 1/n = adsorption affinity gy =
Maximum theoretical adsorption capacity and kndex of affinity.

CONCLUSION

The activated carbon was produced from Asphaltrégtinent with HSO, as activating agent.
The derived carbons @80s-AC) comparably adsorbed with commercial carborlg@acarbon
F-300 for these metal ions ZnCr** and PB". .shows high percentage sorption of these metal
ions (Zrf*, CP*" and PB"). It was also found that, Freundlich isothermefittwell to the
adsorption of Zf" and Cf* onto HSO,-AC and COM-AC and while the Langmuir isotherm
fitted well to the adsorption of Phonto HSO;-AC and COM-AC. The Freundlich and
Langmuir isotherms as well as percentage adsodestribed HSO,-AC efficiently compered
with COM-AC for removal of Zfi, C** and PBfrom waste water. Finally, $$0,-AC were
also found to be economically viable.

REFERENCES

[1] Abdulrahman, F.W and Itodo U.RQ06. J.Medical and Pharmaceutical Scienc@¢l): Pp
10-14.

[2] Itodo A.U’ and Itodo H.U 20100 Activation chemistry and kinetics of shueanut®idents
for Textile waste water treatmeitcademia Arena (3).

[3] Prasad R.Z2004. Petroleum Refining Technology"2Edition, Nai Sarak Delhi: Khanna
Publishers. Pp 346-360

[4] ASTM (2000: Standard Practice for Manual Sampling of Petmoleand Petroleum
Productsl. American Society of Testing and Matsri8pecial Technical Publication. (Chapter
8.1) D 4057 — 95.

[5] Itodo,A.U. and Itodo,H.U.20109. Journal of American science. 6(%)p 173-178

[6] Olayinka, K. O; Alo; B. T. and Adu, T2007. Journal of applied scienc&(16): Pp 2307-
2313.

[7] Odebunmi, E., Okeola, F2Q01) J. Chemical Society Of Niger6(2): Pp 49-155.

[8] Giraldo, L. And Moreno J.C.2008. Brazillian Jounal Of Chemical Engineering5(01):
Pp143-151.

[9] Kopal, T; Loprak, A. 2007). J. of International Association For Hydrogen Engrg

[10] Kobya, M. 003. Bioresources Technology: Biomamssd Bio-energyd6(4) : Pp 119-124.
[11] Garg, Renuka, G; Kumar, R; and Gupta, 20d3. Bioresouces Technolo®2(1) : Pp 79 —
81.

[12] Diya’'Uddeen, B.H.; Mohammed, I. A.; Ahmed. A. S. dAdibril,B.Y. 008. J. of
Agricultural Engineering InternationallO (4).

129
Scholars research library



M.M. Ambursa et al Arch. Appl. Sci. Res., 2011, 3 (6):122-130

[13] Gimba, C; Ocholi, O; Nok, A.2004. Nigeria Jounal Of Scientific Research(2): Pp 106-
110.

[14] Turoti, M; Gimba, C; Ocholi, O. A2007. Chem class Journdl: Pp 107-112.

[15] Fan, M; Marshall, W; Daugaard, D; Brown, @003. Bioresouces Technolog93(1) : Pp
103 — 107.

[16] Rao, R.M.; Bansod, R.R.; Losson, J.N.; MarshallE\WPortier, J. Z003. Bioresources
Technology90: Pp 175-184.

[17] Ahmedna, M., Marshal, W. And Rao, M2000. Bioresources And Technology(2): Pp
113 -123.

[18] Akporhonor, E.E. and Eqwaikhide, P. 2007. Academic journals of science research and
essayol. 2(4): Pp 132-134.

[19] Arivoli, S.; Hema, M.; Karupalah, M.; and Saravan&n 008 : Journal of chemistry5
(4): Pp 820-831.

[20] Okiemen, F.E; Ojokoh, F.I; Okienmen, C.O And WuaRd&. (2004. Chem. Class Jounal.
Pp 191- 196

[21] Rozada, F.; Calvo, F.; Garcia, A.; Martin, V.; @teM. (2003. Bioresources Technology
87(3): Pp 221-230.

[22] E-laigwu, s. e.; Usman, L. A.; Awolola, G. V.; Adeyo, G. B. and Ajayi R.M.K.2009
Advances in Natural and applied scienBe8) : Pp 442- 446.

[23] Sahabi, D. M.; Takeda, M.; Suzuki, I. and Koizuhi,2010: Journal of environmental
engineering 136 (5): Pp 493-500.

[24] Kadervelu, K.; Thamaraiselvi, K.; Namasivayam, (2900. Bioresorces Technolog§6(1):
Pp 63-65.

[25] Mane, P. C.; Bhosle, A. B.; Deshmukh, P. D. andgdan C. M. 2010Q: Advances in
applied science research.(3) : Pp 212 — 221.

[26] Hiraldo, F. and Gonzalez, L. M1998. Environ. Pollut.51(4): 241-258.

[27] Itodo A.U; Abdulrahman F.W; Hassan L.G; MaigandA Sand Itodo H.U. 2010: New
York Science journa (5).

130
Scholars research library



