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CNTs Carbon Nanotubes
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Chapter 1 Introduction

L.L. Background:

It is appropriate to say that water is a vital environmental factor and have importance as an

significant component of metabolic process within human body as well as univcrsal solvent. l;or

cxistcnce of lifc, fresh and clean water is essential (T. Pradeep 2009).However, supply of frcsh

watcr is running out ahd allowed contamination Ievel is becoming more severe leading to grcat

challenges to meet these specified standards

Wastc water contamination with heavy metals has become a great concern worldwide, bccausc

polluted water is releasing in soil and aquatic environment which greatly impact human hcalth

and ccosystem. Heavy metals have got importance in treated and source water because of its

propcrtics which are, long term accumulation in soil and non-biodegradability. Heavy metal can

causc damage to human health(Tablel), after exposure to heavy metals people can face canccr

kidney damagc, Gastrointestinal distress, allergy dermatitis, high blood pressure etc. (Leing pui

52c,2009)

Somc toxic heavy metals include Arsenic, Chromium, Cadmium, Lead,and Copper. Toxicity of

hcavy could result from drinking water'contamination, ingestion via food chain. Industries arc

using huge amount of metals, resulted in increased concentration of metallic compound in frcsh

water sources (LSheet etal.,z0L4ll M. Karnib et al.20l4)Therqfore, there is need to producc

advanced technologies in area of water ffeatment and development of improving technologics in

this field is fundamental.

Table 1: National Drinking water standard ( PAK-EPA,2008)

Inorqanic

Chcmicals

niier''i

Cadm

nIc "MCL

(mg/l-l

wHo
Guidelines (me/L) Ingestion

(As) <0.0s (P) 0.01 Skin damage or problems \ry

circulatory systems ans may ha

increased risk ofgetting cancer

ium (Cd) 0.01 0.003 Kidney Damage

Potential Health Effects aftcr

ith

havc
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Chapter 1 Introduction

Chromium (Cr) <0.05 0.05 Allergy Dermatitis

2 2

Short-term exposure: Gastrointes

distress, Long-term exposurc: I
or Kidney damage

<0.05 0.01

lnfants and Children: Delay

physical or mental development

Adults: Kidney problem, Iligh bl

pressure

Gastrointestinal

Copper (Cu)

Lead (Pb)

1.2. How Heavy metal Contamination Occur?
'l'hc main sources of heavy metals are chemicai manufacturing, fossil fuel, mining,battery

manufacturing industries, tannery, ffiffiy of which are metal compounds generating of plastics,

such as polyvinyl chloride,the modern chemical industry based largely on catalysts,

,manufacturing of metallurgical involving the use of metal compounds, mainly as hcat

stabilizcrs. The cffects of heavy metals such as chromiumcadmium, Iead,copper and on human

health have been examined expansively and have negative impacts on water resourccs.

(Nordberg et al2007)

'l'he primary sources of metals in are industry and automobiles. A significant source of input of

heavy metals is atmospheric deposition which can make a high level pollution of water bodics

as wcll. Also, metals can be very toxic to aquatic life. In waste water mostly found metals, arc

ckomium (Cr), Iead @b), copper (Cu), mercury (Hg), cadmium (Cd), arsenic (As) and'Iherc arc

scvcral methods to remove heavy metals from the contaminated waste water.

1.3. Vital Mcthods for Heavy Metal removal

Numcrous methods have been applied over the years for the removal of metal ions in industrial

cfflucnts. Advance and Conventional methods likereverse osmosis, precipitation and

coagulation, activated alumina, and ion exchange, are not able to practical because of thesc

mcthods are unapproachable and expensive. More over conventional techniques are not

Synthesis and Application of Al2O3\TiO2\CeO2\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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Chapter 1 Introduction

cffective to an extent that it produce industrial effluent that can fulfil all regulations of

discharge water quality

Adsorptive filtration is the most capable technology for removal of contaminants such as

dissolved hcavy metal, with an effective adsorbent. There is a widespread range of sorbcnts

available as potential filtration media:, granulated activated carbon (GAC), 'fly ash

(IiA),granulated ferric hydroxide (GFFD, alumina, iron oxide-coated sand (IOCS), natural zcolit

(NZ), sand , bark etc. (Gen9-Fuhrman, et al., 2007). Presently, mostly used metal adsorbent is

iron-based bonding materials .These are commonly selected because they arechcap,

casilyproduced and have low potential for addition of further impurity to thc system (Deliyanni,

cLa1.,2007). One most usually used adsorbents iron oxides is iron oxide-coatcd sand (IOCS).

Nanotechnology is best one, from most capable technologies, it based on nano devices and

products, which are used for this water treatment purpose. Nontechnology is molecular scalc (1-

100 nm) engineering' of functional systems, which generate 'many modificd products and

alternative processes for purification of water. The basic advantage of using nanomaterial ovcr

other conventional materials, is availability of high surface area. High surface area providc

cnough space for physical interchanges and chemical reactions.(T. Pradeep 2009)

Carbon nanotubes (CNTs) with specialchemical and physical properties have corire undcr

multidisciplinary study. They have been used as an adsorbent for gasses and hydrogen duc to

thcir hollow and highly porous structure, light mass density,large specific surface area and strong

intcraction betwcen hydrogen andcarbon molecules.(Figure 1,2).

Carbon nanotubes (CNTs) modified with chemical treatment Like'bases or acids , are relativcly

enhance adsorbents efficiency and are very effecfual for removal of many trace heavy mctals

such as cadmiumand copperQanusz,200.7).Other variety of metal oxide nanoparticles havc also

confirmed for efficient removal of heavy metal from contaminated water like cerium oxidc,

aluminum oxide and titanium oxide

Synthcsis and Application of Al2O3\TiO2\CeO2\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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Figure 1:single Walled Carbon Nanotubes (SWCNTsFlgure 1: MultlWalled Carbon Nanotubes (MWCNTSI

1.4. The Prcsent study

Kecping earlier work in mind, the main purpose of this research is to explore the possibilitics of

using selected series of nanostructured mdterial for adsorption of Pb (ID, Cr(VI) dissolvcd in

singlc component system.

Main objectives of this proposed research are summarizedinfollowing points:

1- To oxidize prepared Carbon nano-tubes (CNTs) by oxidation treatment and then charactcrizc

the oxidized CNTs (o-CNTs).

2- To Synthesize and characterize nano-structure ceric ammonium niftate/carbon nanotubcs

composite by FT-IR and SEM.

3- To synthesize Iron.doped TiOz/AlzOr nano composite and charactefized by FT-IR, IJV-

Vis spectroscopy, SEM

4- To Reveal the adsorption ability or removal efficiency of these composites for hcavy

metal ( Pb2*,Cr6)in water media

Sy"th*" *d Appll..Jt", 
"f 
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Chapter 2 Literature'Review

2.L.Heavy Mctals

ln thc natural environment the distribution of heavy metals is mostly concerned with evaporation

of occans, rock decay, volcanic eruptions, forest fre and soil formation processes. 'l'hc

anthropogenic sources of contamination. include waste dumping sites, power industry, transport,

municipal waste management, transport and fertilizers. These sources disperse heavy metals and

contaminate air, water.and'soil. (Szyczewski, P. et a1.,2009)

Ilaving greater than 4.5glcm mass density, during chemical reaction they form cations by

rcleasing electron. The immediate concerned metals are copper, cobalt, cadmium, lead, zinc,

chromium, mercury and nickel according to WHO (2006) (Zaied, K, et al., 2008 ; I'hippeswamy,

Il. ct al., 2012). Due to high toxicity of cadmium, lead. Mercury, in most of countries thcsc

metals have reffered as " priority pollutnats" ( Thippeswamy, B. et a1.,2012). Some nletals arc

csscntial for livinging orgaisms such as Co ( vitamin Bl2), Fe ( hemoglobin), Cu (respiratory

pigmcnts),Zn (enzymes) and Mn and Mo (enzyme) but very toxic at their higher concentrations.

N4 Ca and K also play most important biological roles. Metals e.g. Se, Cr, FIg, As and Sc at

thcir low concentration are very toxic and have no role in metabolic activity (Valavanidis, A.,

Vlachogianni, 'f., 2010). Although zinc, selenium, copper are trace heavy metals and arc

compulsory for maintenance of 
'human.body 

metabolism, but cause harmful effects on highcr

conccntration levels.Heavy metals are prominent because of their bioconcentration,

bioaccumulation and toxicity in living organisms, and are persistent in environments (Yoon, Y.

et al., 2006). Some lieavy metals accumulate in soil and and due to their uptake in plants,

transfcrred to food chain (Spiro, T.G., Stigliani, W.M, 2004; Malla, R. Y. et al2007). I'lcavy

mctals via food chain cause poisonous effects on both plants and human health (Takahashi, C.K,

ctal.,2012; Dutton, J., Fisher, N.S,2011)

It is necessary to remove them before they reach the receiving water body, due to their high

toxicity. For application of appropriate treatment it is required to understand the nature of hcavy

mct'als in water and their impacts on environmental and human health. This section gives insight

of thc chemistry, environment and health impacts of lead, chromium, copper, arsenic and

cadmium.

Synthesis and Application of Al2O3\TiO2\CeOz\ CNTs Composite for Removal of Heavy Metals from Aqueous Sohltion
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2.1.1. Lead

A- Chcmistry of Lead

I-cad is a main element of group 14 withatomic number 82 and symbol Pb (Latin: plumbum). It

is a bluish-white metal, very soft,ductile, highly malleable, and poor conductor of electricity.

I;rom'all stablc elements, lead have highest atomic number (West, et al., 1987). Lead can bc

found in nature as: PbS(s) (galena), PbCOr(s) (cerussite), and PbSO+(s) (anlesite). In natural

watcr bodies concentration of lead may range from <1.0 to 890 prg/l(Faust and Aly, 1998)'

Physico-chemical speciation indicates little ionic lead presence in drinking water. Depending on

thc composition of water a significant portion of lead is bound to colloids, either organic

macromolecules or hydrous iron oxides. A substantial fraction is non-ion-exchangeable (Moorc

and Ramamoorthy, 1934).

B- Environmental and health impacts

'l'hc sources of lead in water bodies are numerous. Important sources for lead are atmosphcric

dcposition and building sites @avis,'et a1.,2001). Adjacent to the sources of lead, ecosystcms

show widespreadharmful effects like changes in community composition of plants and

animals,losses in biodiversity and neurological effects in vertebrates (US EPA, 20.09). For

ccnturies peoplc are aware of lead and its toxic properties. People are exposed to lead in diflcrcnt

ways that can be found in food, air, and water. Once lead is absorbed by the body, the largest

dcposites are in the bones followed by the kidneys and liver. Evenat low levels of lead young

childrcn and lnfants are particularly sensitive (Sarkar, 2002).

2.1.3 Chromium

A- Chemistry of Chromium

Chromium is a chemical element having atomic number 24 and the symbol Cr. It is ahard mctal

stccl-gray'and lustroui which takes high polish(West, et al., 1987)..In water chromium (III) is

mostly found as a cation that forms hydroxide precipitates and aqueous complexes. [n surfacc

watcrs, the latio of chromium (III) to chromium (VI) varies widely, and relatively high

Synthesis and Application of AlOr\TiOz\CeO2\ CNTs Composite for Re'moval of Heavy Metals from Aqueous Solution
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conccntrations of Cr(VI) can be found locally. Chromium (VI) is relatively mobile in water duc

its more solubility than those of Cr(III) (WHO, 2003). Low solubility of Cr(III) limits thc

dctcction of amount of chromium in natural waters. Natural water bodies are usually

contaminated with Cr. from industrial effluents(Faust and Aly, 1998). In which form chromium is

prcsent, depends onthe pH, theredox potential, the formation of chromium(Ill) complexcs as

insoluble chromium(Ill) salts,the kinetics of the redox reactionsand the total chromium

concentration. 'lhetoxicity mechanism is pH dependent. Chromium (VI) under anacrobic

conditions reduced to chromium (III) compounds and stable under aerobic conditions.

Oxidizing environment can inverse the process (Lenntech, 2009).Chromium is uscd to

manufacture stainless steel, to hardeh steel, and to form many alloys. It is used in plating to

produce beautiful and hard surface, and to avoid corrosion. As a catalyst it is also widely uscd

and as mordant in the textile industry and by the aircraft and other industries for anodizing

aluminum. 'l'he refractory industry use chromium for forming bricks and shapes, as it

hasmoderate thermal expansion, high melting point stability of crystalline structure. Chromium

is typically mined as chromate ore (West et al., 1987).

B- Environmental and health impacts

I-lighcst chromium source in environment is tannery effluents. Currently 90%o'fannery efflucnts

Currcntly, 18 billion sq.ft of global leather production is processed by chrome tanning proccss

(Sundar. V.J. et a1.,2002). Mostly used chromium salt is chromium sulphate 9 Wionczyk, B. ct

a1.,2006). Many other industrial activities like cement, dyeing,.elecffoplating, leather tanning

and metal cleaning also increase chromium into environment ( Kisku, G.C, et al., 1999).On

chcmical forms of exposure of chromium health effects depend (Calder, 1988).

As Chromium (III) is a nutritionally essential element, poorly absorbed and non-toxic but if its

conccntration exceed the recommended values than it will cause toxic impacts to human hcalth.

On the other hand, chromium (VI) is very toxic to all living creatures and cause liver and kidncy

dar4age,respiratory disorders and internal hemorrhage.Skin ulceration and dermatitis arc

cxample of chronic and sub-chronic effects. At higher concentration of chromium it can rcsult

somc hcalth problems like tumor, weak immune system, birth defects, infertility, respiratory

problcms. [n plants it affects seed germination, stunting, photosynthetic pigments, chlorosis and

Synthcsis and Application of AlzOr\TiOz\CeO2\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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Chapter 2 Literature Revicw

ultimately cause death of plant (Altaf Masood, M.M, et al 2008). The Maximum Contaminant

Lcvcl (MCL) for total chromium in drinking water is 0.1 mgll (Faust and Aly, 1998).

2.2 Industries releasing Heavy Metals

I.lcavy metals are dangerous pollutant. Discharge of these contaminants into waterways comc

from differcnt industrial processes like battery, metal finishing, leather, chemical manufacturing,

tanning, electroplating, dyes, mining, pigment, paint industries, metallurgical work (Adclaja,

O.A, ct al.,200ll ; Acykel, U. et a1.,2002 ; Ahalya, N. et a1.,2003, Ahluwalia, S.S.,Goyal, I).,

ZOOT). Annual discharge of metals have reached to 783,000t for lead, 22,000t (metric to) for

coppcr, 1,350,000t for cadmium (Singh, O.V, et al., 2003)

Industrial activities and vehicular exhaust increase more lead into atmosphere that input of

nanural processes. Concentration of lead was increased in atmosphere due to addition of lead

into gasoline fuel (Valavanidis, A., Vlachogianni, T., 2010). Electroplating and processes of

mctal surface treatment produce large amount of metals e.g. vinadium, lead, cdmium, silvcr.

titanium, zinc chromium, platinum (Chuatr, T.G, et al., 2005; Ting H.C, 2009). Arsenic wastc

produce from wood processing industries during arsenate wood treafrnent. Inorganicpigmcnts

manufacturing produce large amount of chromium and cadmium sulfide compounds. During

rcfining of pctroleum some conversion catalyst formed which are contaminated with nickcl,

vanadium and chromium ( Ran4 P. et al., 2004). Some major industries such as wood industry,

rcfining, petroleum, paper and pulp and metal plating industry are releasing copper in thcir

cffl ucnts (Barrell, D.C,et al., 197 5).

Ileavy metals like cadmium, chromium, nickel, mercury and other phenolic compounds arc

discharged from pharmaceutical industries (Ramol4 8., Singh, A., 2013).Ni is released form

waste water of silver refineries, zinc base casting, storage batteries and electroplating 'industrics

(Mishia, G.K, et al., 2005).Large quantiiies of Zinc goes to water bodied due to direct dischargc

of industrial effluents from paint, batteries, galavanization, smelting, pigment, fossil fucl

copbustion, polymer stabilizer, fertilizers and pesticides ( Holdrery C. et al.,l99l).

I
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2.3. Techniques for Heavy Metal removal from wastc water

L Chemical Precipitation

2. SulfidcPrecipitation

3. Chemical Precipitation Combined with other Methods

4. Heavy Metal Chelating Precipitation

5. Chemical Precipitation Combined with other Methods

6. Heavy Metal Chelating Precipitation

7. Ion Exchange

8. Flotation

9. Electrochemical treatment

10. Coagulation and Flocculation

I l. Adsorption

2.3.1Adsorption

Adsorption is now known as an economic and effective method for metal contaminatcd

wastcwater treatment. The adsorption process offers flexibility in operation and design, in many

cascs will produce excellent treated effluent.

I- Activatcd Carbon Adsorbents

Activated carbon (AC) adsorbents are also used for treatment of heavy metal contaminants'

Its uscfulness is itsmdsoporeand micropore volumes and the hi$h sgrface area.. Nowadays, thc

dcpletcd commercial coal-based sources of activated carbon results in the increase in pricc'

Additives of magnesium, surfactantr, tunni. acid, and activated carbon composite could bc

cffcctivc adsorbent.Converting carbonaceous materials into activated carbon for heavy mctals

rcmoval has been reported (Dias, 2007).

II- Bioadsorbents

Iliosorption of from aqueous solutions is a comparatively new process that has been provcn a

vcry promising process in the treatment of heavy metal contaminants. Its high effectiveness is

major advantagc of biosorption. By using inexpensive biosorbents I can reduce heavy mctal

oz\CNTsCompositeforRemovalofHeavyMetalsfromAqueousSolution
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ions.. Bio-sorption processes are particularly suitable to treat dilute heavy metal wastcwatcr.

'l'ypical biosorbents can be derived from three sources as follows:

. Non-living biomass such as barlgshrimp, lignin, crab shell, squid etc.

Alga biomass.

' . Microbial biomass, e.g. bacteria,yeast, fungi (Aman,2008).

2.3.2 Mcmbranc Filtration

ln rcccnt years, a promising technique for removal of pollutant especially heavy mctals thc

polymer- enhanced technique has been shown to in solution. The process comprises removal of t

heavy metals such asNi(II), Cu(II), end Cr(II! from industrial wastewater solutions. A

considerable attention has given to membrane filtration for the removal of inorganic effluent, as

it is capable of removing not onlyorganic compounds and suspended solid, but also inorganic

contaminants such as toxic heavy metals. Various types of membrane filtration depending on thc

particlc size that can be used, such as nano filtration, reverse osmosis and ultra-filtration, can bc

used for heavy metal removal from contaminated waste water ( Barakat, 2008).

2.4. Nanotechnology for Water Treatment

Ambng the most innovative and progressive technologies, nanotechnology is one of them in thc

world. Nanotechnology is a range of technologies which performed on very samall scalc

(nanometer)and as an enabling technology it has widespread applications in numerous industrics.

Unlike other technologies, which come directly from a particular scientific disciplinc,

nanotechnology have a wide spectrum of science. Nanotechnology involves the application and

production of biological, chemical, physical systems ranging from smaller scale to 100

nanometers, as well as the assimilation of the resulting nanostrucfures into many other larger

systems. Nanotechnologies principal way which might help to. lessen water problems is by

solving the challenges (technical)that removing water pollutants includingpesticides, bactcria,

toxic metals, salts and viruses

Synthesis and Application of Al2O3\TiOz\CeOz\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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Scveral scientists' claims that for moreeffective, affordable, durableand efficient ways of

achicving precise nanoparticles for water purification, nanotechnology is best, it would pc.rmit

manufacturer to prepare less poisonous particles using classical methods.(Suvardhan,2014).

Wastc water treatment under nanotechnology successfullyexcludes the pollutants and to gct

purificd water, helps in the recycling process. Nanotchnology leads to reduction intimc,

cxpenditure and labour to industryand resolves the various environmental problems. Bascd on

theirsurface and physical properties nanomaterials G\fMs) are mainly categorised into sevcral

groups.Nanomaterials includemetallic nanoparticles (Au & Ag NPs), carbon nano-adsorbcnts

(CNfs), mixed oxide nanoparticle (Fe-Ti NPs),metal nano-adsorbents (Al2O3 NPs, ZNO NPs,

'l'iO2 NPs and CeO2 NPs), polymer nano-adsorbents, nanoclays, nanofibers, Additionally, it also

utilizcs the cxistence of nanoscopic pores in _zeolite filtration membranes, as well as

nanocatalysts. Metal oxide \metallic nanoparticles such as palladium nanoparticles and Titanium

oxide.nanoparticles and are used as Nanosensors for theinorganic and organic analysis and for

othcr pollutants in the water bodies.

Carbon nanotubes are exceptional nanomaterials which can removes wide range of pollutanls

including inorganic, organicoil, turbidity, viruses and bacteria.Because of the smooth interior of

thc carbon nanotubeshave an faster or equal flow rate as compared to contaminants'slarger porcs.

Some nanofiber materials such 'as nanofibrous alumina remove negatively charged'pollutants

such as inorganic and organic colloids, Lacteria,viruses at a faster rate thanconventional sorbcnt

filters. Carbon nanotubes are classified in different classes (SWCNTs, MWCNTs).

Multiwalled carbon ntrnotubes (MWCNTs) and singlewalled carbon nanotubes (SWCNIs) arc

differcnt from by their number of layers, and many scientists are focusing due to itsexccllcnt

properties,variety of potential applications and unique structure(Suvardhan, 2014).Hundreds of

individual CNl's has entanglement due to attraction of Van der Waals force between thcm

Q)onaldson, 2006) (Yan, 2007) which, for adsorption of contaminant\analytes provide largc

extcrior surface area(Li YH, 2003) (tiu G, 2007).Carbon nanotubes (CNTs), a interesting new

member in the carbon family, comprise of single walled CNTs and multi-walled CNTs have

bcen the research focus due to theiradsorption of analytes, unique dimensional structurcs,

adsorption of analytes, excellent electronic properties andpotential applications.

Synthcsis and Application of AlzOr\TiOz\CeO2\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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Morcover, there is the possibility of Faking CNTscomposites at advanced level and nano scalc

clectro devices, just because of its chemical and thermal stabilities. Its properties stimulatcd thc

applications as catalyst carriers. Structurally, NT: are considered as ideal adsorption matcrial

due to layered and hollow structures and large surface areas(Alyuz,2009).

Remdval of contaminants relies on sorbet behavior. CNTs with theircontrolled size distribution,

high surface to volume ratio and have exceptional sorption ability and high efficient adsorption

compared to powder activated carbon and other conventional granular which has fundamcntal

limitations like surface active sites and the activation energy of sorption (Jiang, 2002).

Numcrous studies found that the adsorption capacrty of CNTs depends on both thethe naturc and

surface functional groups of the'sorbate. For instance, the amounts of surface acidity (phcnolic

groups, lactonic and carboxylic group) increase the adsorption of polar compounds. On the othcr

hand, the unfunctionalized CNTs surface is proved to have higher capacity adsorption for non-

polar compounds such as polycyclic aromatic hydrocarbons.Some pfevious studies showed that

carbon nanotubes (CNTs) and their composite with other metal oxide nanoparticles have uscd for

wastewater treatment. (Table: 2.1,i.2) Carbon nanotubes has high adsorption capacity for

adsorption of hcavy metal

As-grot,rn CNT Heat trealed
(350'c)

Amorphous carbon
removed: mgtal
catalysl oxidized

Adsorpton
increased

Adsorptlon
lncreased

FunctionalizEd

Furctlonal group
added

For nonpolar and/or
planarchamicals
adsorplion decreased;
lor polar chemlcals:
adsorpllonincreased

Graphilizd
(2200"c)

Functional groups
removed

For polar chemicals:
adsorption deareased;
lor nonpolar chemicals:
adsorption increreed.

4ffi

Aold treal€d

ffi
ffi
ffiI'rA

Catalyst remoued

Catalysl (D O{@sdcatary$ gfl Amorphouscarbon

Figurc 3.1 : Functionalized CNTs and Adsorption efficiency of chemicals

Synthesis and Application of Al2O3\TiO2\CeOz\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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As a photo degradator TiO2 NPs is usedfor organic pollutants. In fact, successful application of
't'iO2NPs have used in environmental technology for thetreatment of contaminated surface 'and

ground water, for the removal of organicpollutant. Ceria NPs has diverse properties of strong

sizc dependent andwould show qignificant quantum size (Xu H, 2008). However,in the field of

material scienccthesynthesis of CeO2 nanoparticles (Tok A[Y,2007) below 10 nm is a hard to

achicve task for thescientist. Al2O3 NPs have more reactivity, greateradsorption capacity, high

surface area, hence; from'literature review it has been workingeffectively for the determination

and separation of toxic heavy r-netals of environmentalimportance 6Manzooi,2Ol2).

For organic pollutants removal , TiOz nanoparticles is used as a photo degradator.For thc

trcatment ofcontaminated waste water and ground water. In fact, TiO2 nanopartilces have bccn

successfully used in technology of environment for the removal of organic wastes. Ceria NPs has

diverse properties of having show significant quantum size effect and strong size dependent

(Xu. FI, 2008).

Somc previous research work on aluminum oxide, cerium oxide and titanium oxidc

nanoparticles and their composites with some other metal oxides have studied for ihcir

applications on heavy metals adsorption. ( Table 2.3,2.4)

Synthcsis and Application of AlzOr\TiOz\CeOz\ CNTS Composite for Removal of Heavy Metals from Aqueous Solution
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Tabte 2.1: Previous studies on CNTs for Heariy metal Removal

Sorbcnt

Matcrial

CNTs

Modification i tools Heaw Metals
.1

Activated I rE:SeM, eDs t crG-
Ir

Carbon (AC) 
i
I

vrwcNrs Amino moOined -ff--m, EB-SEM, 
- -lUF

I

' rEIvI, TGA

cuz+, Pb2+,

co2*,zr**'

I\ln2*

MWCNTS

References

MuatazAliAtieh,

20tt

Go.an et.al, 2011

Anna Stafiej,et.al

2007,
MWCNTS

MWCNTS

Oxidized-

CNTs

CNTs

CNTs

I)ifferent outer

MWCNTs diameters and

oxygen contents

I

I.
I

I

Co2*,Cu2* 
KrYstYna et'al' 2010

1 RAIvIAN 1

t'
-----l

il
i cu2*i sEM, BET,FT-IR i t"'. Soheilet'al' 2015

ITEM;BEf i -edz* ' Yar,-Hui 8t.a1,2003
,.1

I

ii
----f - -

rl

Activated -T-fe--SErra -'l crr+
I

Carbon (AC) 
|

I
Yan-Hui et.al,2005

i 
sEM, BEr,

MuatazAli Atieh,

20tt
l-____
i Pb2+

L ----

i Pb2+
l

I

Fei Yu et.al 2013

Oxidizcd.

CNTs

MIVCNTS

cd2*, cu2*, Ni',*, 
i

Pb2*,2n2*
i

I Caz*;cuz*, Pbz*

Saksham Srivastav4

2013

Yan-Uui,ZOal
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Table 2.22 Previous studies on CNTs compositcs for water treatment

Nano-composite C[aractcrization Tools neioral of Rcfcrcnccs
i

. Containants

CcOz-CNTs ' XRD,TEM, zeta- A$r)
potential analyzer i

AlzOr-CNTs

ri
Al2o3-CNTs SEM, )(RD i Fiuoride Yan-Hui

i.

adsorption et.al,2001

TiOz-CNTs

UV-Vis I compounds et.al20l0

Spectrophotometer, 
i

IRaman, i

I

SEM, rG, pos, gET I Niz*

Iron doped

MWCNTs.

TiOz-CNTs

SEM.EDS, TEM, FT. I

IR, TGA, DSC

Xianjia et.al

2005

Renata et.al

2007

Aasem et.al

2014

Bromate

Iron oxidc-CNTs

! Organic
I
Ii pollutant

.- - 
-)<nD 

SEM-----I- Fb"e"F
,

i

FESEM

Qiming

ct.al,2013

Xianjiaet.il

2005

- 
Zi-cnao

et.al2006

ccoz-ACNfs-- 'SEM;TEM _--i-- Crr
I

I
I

il

MnorCNTs -xRD- - -.--------i 
-iib2-

CNTs-AC

l

I
II cr6+

:

Shu-Guang

et.al2007

Muataz Ali

20ll

Synthcsis and Application of AlzOr\TiO2\CeO2\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution

pg. 18



,ts

i \.t
E

,B

Chapter 2 Literature Review

Sorbent Material

AbOrNanopowdc

r

Gamma-AIzOr

DopineWIodilication

material

,

I

I rt-m"sgM,

TEIVI, XRD,

BET

-i Ciz\i'apb2*
' 'Cr

Referenccs

Mohimcd

andMatrmoud

,2015

A.Shokati

et.al2015

Karenand

Heather,2009

AlzOr, FczOr

Nanoparticle.s
I Pb,Ni, Zn,

,Ca
I

AIzOrl['ezOr

composite

AIzos

Nanoparticles

Nano-alumina

AlzOr

Nanoparticle,s

Gamma Alzbr

XRD,

TEIVI,

BET

NaturalandCnemicar-i rr-R, SeM; -' - 
cd2*,cu2i

i

modifiers ixnU i Ni2*
I

ct'*'co2*'

Ni2*, Mn2*

I

', cdz*, zn2*
I

I

_. __i_ |

; xRD, FT-IR, I Pb"', Cd'-'t'

2,4-

I

I

SEM, i Cadmium

EDX, Ions

Mona

Mahmoud

et.al2013

Shahriar

Matrdavi ct.al

20t5

Abbut

Afkhami, ct.al

2010

M.Hashcm

Stietiya and

Jim J. 2014

Yvan J.O. and

Maria"Z}12SEM I Znz*

Synthesis end Application of AlOr\TiOz\CeO2\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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Tablc 2.42 Previous studies on Titanium dioxide nanoparticles and composites for

water treatment

Sorbent CharacteriZation Removal Of References
Material _ foob tvtqlall

Tio2l
Montmorillonite-
Kaolinite

Tio2Nanoparticlcs

Nano Structured
Titanium (Iv)
Oxide

Tioz Film

Pb2*, cu2*, Andelka et.al

SEM, XRD,PSD C&*,Zi 2015

Pb, Cd, Cu,Zn,
Ni Engates

et.al20ll

Cu2*, Cd2* Sushanta and

Uday.201l

Reduction of QuanPing Wu
I Cr(VD et.al20l3

Tio2Nanowire

Tio2, Mgo, AI2o3

Nanoparticles

Pbz*,ctt*, Ahmcd
TEM, SEM, xRD Fet*,Cd2*,zr* andFarag,

2014

SEM-EDX, TEM, Cd2+'Cu2+' Shahriar et.al

xRD, BET : Ni2*'Pb2* 2ol3

Syrtt *ir *O Application of Al2O3\TiO2\CeO2\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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Chaptcr 3 Materials & Methods

3.1. Reagents and Materials

Carbon nanotubes (CNTs) with average diameter 20-40nmand the length was 2um, werc

purchtrsed from sigma Aldrich. The detail of remaining reagents and materials is described in

tablc 3.1.

No. The Material Purity Supplier

{ Carbon nanotubes ( CNR) 95% (2040nm) Sigma Aldrich

3 Aluminum Chloride (AlCl3) 97% (Analytical) Daejung Korea

4 Titanium Oxide TiOz 960/o Daejung Korea

5 FezOl 98% Sigma Aldrich

4 Ceric Ammonium nitrate 98%

((N[I+)zCe(NOr)o)

Merck

7 Lcad Nitrate 97o/o Sigma Aldrich

9 Potassium Dichromate 99.5% Daeiung Korea

\s . ___:g!!G 10 Ethanol 99.8% ( Analar) BDH
\) : _- _____
\ 11 Ammonia solution 25-30% GR Daejung Korea
-\N 12 Hydrochloricacid 65€9% Sigma Aldrich

13 Nitric acid 6/.66% Sigma Aldrich

14 Sodiam hydroxide 99.0-100% Merck

15 EDIA dibasic 99.01-101.0% SigmaAldrich

Table 3.{: Raw material their purity and suppliers

Synthesis and Apptication of Al2O3\TiO2\CeO2\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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PHASE I (Synthesis)

l- Preparation of Ceric Ammonium Nitrate\ MCNTs composite

A- Oridation of MCNTs

Iror oxidation of Multi walled nanotubes (MWCNTs) 500 mL nitric acid (5 M) solution of 3M

conccntration was prepared. As received MWCNTs (2g) was added into 3M nitric acid solution

under stirring at 300 rpm for 24 h. (Mrntaz Ali et al. 2010). After that MCNTs remain dippcd

into concentratcd nitric acid.for I h. The reaction mixture was washed with distilled water and

filtcred through filter paper. Washing of MWCNTs was repeated until pH reached near 7 and

followed by drying on hotplate. at 150 oC overnight. These oxidized MCNTs was placed in

preheated muffle furnace at 450 oC for   h. $ig 3.1)

Addition of MWCNTs to 500 ml of HNO3

Shaking at 150 rpm for 24hour

Filtration+ Addition in HNO3 (69%) for I hour

Washing with DW (Until Neutral pH)

o
Calcination in Muffle Furnace at 450 C for 4

hour

Fig 3.1: Flow sheet diagram forOxidation Of MWCNTS

Synthesis and Application of Al2Q\TiO2\CeO2\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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B-beric Ammonium Nitrate\ MCNTs composite

I;or preparation of ceric arirmonium nitrate\IVIWCNTs composite J.0 gram (NFIa)2Co(NO3)6 was

addcd into ethanol solution ( 40mL). This mixture remained under stirring at room tempcraturc

for 30 min, a ycllow solution was obtained in result. 0.6 g of carbon nano tubes was added into

ycllow solution under continuous stirring for 5 h. The as- obtained solution was evaporatcd'at

60oC and followcd by oven drying atl20ocfor24 h.(Jie Shu et aI.2015) (Fig 3.2).

tr'ig 3.2: Flow sheet diagram for Ceric Ammonium Nitrate\ MCNTs composite

2. Synthesis of Iron doped TiO2-AI2O3 Nano-composite

A- Prcparation of precursor matcrial for TiOz-AlzOr Nano-compositc

'l'itania Nanoparticles were used as a precursor for the formation of composite. In order to

prcpare precursor, titanium oxide was mixed in distilled water and stirred for 24 hours on

e

Add 2 gram (NHo)rce(NO3)6 into 80 ml ethanol

Magnetic stirring for 30 min

Magnetic stirring for 5 hour

.Oo
Evaporated at 60 C + dried atl20 C for 24 hour

Add 400m9 MWCNTS

Synthes.is and Application of Al2O3\TiO2\CeO2\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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magnetic plate.'fhenthe rqsulted slurrywasplaced in oven for 12 hours at 105 oC fordrying.

After drying and crushing, the dried slurry was placed in muffle furnace for 6 hours at450"C.

gffirGPRin t00mlWuer

Fig 3.3:. Flow sheet diagram forPreparation of precursor material for TiOz-AlzOr Nano-

composite

3.2.3.Synthesis of iron modilied Titanium oxide composite

For this purpose, 3 gram prepared Titania Nanoparticles were mixed with 64 mg FezOlin to 200

m[ of l0 Molar NaOH solution with I and 2 hour of sonication and stirring respectively. 'fhc

rcsulted mixfure was placed in a Teflon lined steel autoclave, maintained at a temperature of 135

oC for 24 hours with constant stirring at 300 rpm. Then the resulted solution was allowed to cool

to room temperature. The solution as washed with 0.1 M HCI and distilled water numerous

Synthesis and Application of AlzOr\TiOz\CeOz\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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timcs, until neutral pH reached. The sample was dried for 24 hours at 105 oC.At the end samplc

was annealed in muffle furnace at 500 oC for I hour. (Figure:3.4)

I'ig 3.4: Flow sheet diagram for synthesis of iron modified Titanium oxide composite

B- Synthesis of ALzO3 Nanoparticlcs

Alumina nanoparticles were prepared by sol-gel method (F. Kamil et al. 2015) with somc

modification 6.67 g Aluminum Trichloride was dissolved in 500 mL cthanol of 0.1 M

conccntration. 140 mL of Ammonia solution was added drop wise in stirred ethanolic Aluminum

Synthesis and Application of Al2O3\TiO2\CeO2\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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'l'richloride solution leading to gel formation. This gel remained under maturation for 30 h. Aftcr

filtration in vacuum system, itwas dried at 100 oC for24 h. Collected material was introduccd

into preheated muffle furnace at 1000 oC for 2 h. (Figure 3.5)

Fig 3.5: Flow sheet diagram for synthesis of Synthesis of AL2O3 Nanoparticles

3.3.Characterization of Ce/CNTs and Iron Doped TiO2/Al2O3composite

Ccric ammonium nitrate\CNTs and lron Doped TiOz/AIzOl composite were characterized by

Scanning Electron Microscopy (SEM): a more powerful tool for characterization, Fouricr

'l'ransform Infrared Spectroscopy ( FT-IR): a nanoscale characteization tool, it was uscd to

mcdsure bonds in a material and W-Vis spectroscopy: use to measure maximum absorption

band of material.

PHASEIII (Application)si

Drop wise addition of 140 ml ammonia solution

Maturate gel ( 30 h)+ filtration in vacuum system

Drying for 24 h at l00oC

Annealing (l000oC)

Synthcsis and Application of Al2O3\TiOz\CeOz\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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A- Adsorption procedure for removal of Cr6*by ceric ammonium nitrate/CNTs

Adsorption experiments of Cr(VI) by magnetic MWCNTs were carried out in the batch modc.

An amount of 0.1 g adsorbent was added to a 150 mL conical flask filled with 100 mL of

chromate solution with a concentration of 2 mgll. The solution was agitated at 500 rpm over

diffcrent time periods. The aqueous phase was separated with centrifugation. The amount of

Cr(VI) in thesolution was measured with a specfiophotometer. The adsorption efficiency Ii is

calculatcd using Eq. (1):

Rcmoval \E(%): {(Co -C;) lCo} * 100 Eq.(1)

F

Where C0 and Ce are the initial and equilibrium concentrations of Cr(VI) (mg/L), respectively.

'lhe adsorbed amount of Cr(VI) under equilibrium conditions, qe, is calculated using Eq. (2):

ge = {(co - c.) + v} /w...... Eq. (2)

Whcre V is the solution volume (L), and W is the adsorbent dosage (g).

Effect of contact time, shaking speed and sorbent dosage on percentage removal of heavcy

metgls was also studied.

Kinetic Modeling:

'fhe kinctics were investigated by using the information obtained from the effect of dosagc (dry-

weight basis) at25"C at three different time intervals up to 120 minutes. The pseudo first-ordcr

kinctib equation was not applicable because is small comparing to of pseudo-second-ordcr

cquation. [n recent years, the pseudo-second-order rate expression has been widely applied to thc

adsorption of pollutants from aqueous solutions (Y.-S. Ho, 2006).Therefore, the pseudo-second-

ordcr equation was used in this study..

'Ihe pseudo-second-order kinetic model can be expressed as:

l\qt= 1/ Kzg"z'f t/q" ............... Eq.(3)

Synthcsis and Application of Al2O3\TiO2\CeO2\ CNTs C.omposite for Removal of Heavy Metals from Aqucous Solution
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Whcre:qe and qt are metal ions adsorbed at equilibrium and at time t respectively, while K2 is

thc constant of second-order adsorption in min-I.

B- Adsorption procedure for Iron doped AIzOr-TiO2 composite for lead (Pb)

adsorption

'Ihc adsolption experimehts were caried out with lead solulions at different initial Pb2 '

conccntrations (3.4 mg/l Pb2a 8.5 mg/l Pb2*' 1,7 mgfl Pb2t 95 mgtl Pb2) at pH 7 and at room

tcmperature (Table 5). The composite suspension was made by using 320 mgll,340 mg/l and

560mg/l in de-ionized waterThe pH of each composite suspension was adjusted at 7 using

sodium hydroxide 0.1 M NaOH and 0.1 M HCI Then 25 ml of lead solution was poured in a I

bottle and afterwards, 25 ml of each composite suspension was added drop by drop to the bottlc.

Irinally, the suspension was continuously stirred at 150 rpm at room temperature. The samplcs

obtained at different times were centrifuged.

'l'hc adsorption efficiency E is calculated using Eq. (l):

Removal\E(%):{(C"-C")/C"}'r 100...... Eq.(1)

Wherg C0 and Ce are the initial and equilibrium concentations of Cr(VD (mg/L), respectively.

'l'hc adsorbed amount of Cr(VI) under equilibrium conditions, qe, is calculated using Eq. (2):

g" : {(Co - Co) * V} /W...... .. ..... Eq. (2)

Where V is the solution volume (L), and W is the adsorbent dosage (g).

Effect of contact time, shaking speed and sorbent dosage on percentage removal of heavoy

metals was also studied.

Synthesis and Application of AlzOr\TiQ\CeO2\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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Chapter 4 Result & Discussion

1- UV-Vis analysis of TiOz nanoparticles

Room-temperature optical absorbance spectra of TiOz nanoparticles sample thermally decomposed at

1a- 400 and 500 oC for 5hr are shown in Fig. 1,2. T\e absorption specta of all TiOz samples exhibit
TD- sfong absorption at 340 nm and 360 nm.The characteristic spectrum of TiO2 ranges from 220 to

370 nm, which is its fundamental absorption of Ti-O bond (Muneer M. Ba-Abba4et al 2012).and

as expected, Fe2O3 shows the characteristic spectrum at 460 nm. Its fundamental absorption of
Fe-O bond to W light ranging from 220nm to 550 nm (Muneer M. Ba-Abbad,etal 2Ot2).
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Figl: UV-Vis Spectra of TiO2 calcined at 400 "C Fig2: W-Vis Spectra of TiO2 calcined at 500 "C
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Fig 3:IJV-Vis Spcctra of iron oxide

Spthesis md Application of Al2o3\Tio2\Ceo2\ CN'l's Conrposite for Rcmoval of Heavy Metals from Aqueous Solrtion

o
U
C
atlt
I

$



,l

l{D

Chapter 4 Result & Discussion

2- UV-Vis analysis of Iron doped Ti02/Al2O3 composite

From the spectrum of Iron doped TiO2/Al2O3 composite, it can be seen that there were a range

200-400 nm of absorption bands with maximum wavelen glh of 235,340nm in ultraviolet region.

The band from220 to 330nm was assigncd to the characteristic absorption of TiO2and AlzOland

iron oxide in the UV light region. (Zhiyue Hanet al, 2010).It is clearly seen that peaks in

TiOz/AlzOr compositc arc much sharper which are proving it good adsorbent material.
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Chapter 4 Result & Discussion

1- FT-IR spectra of TiO2nano-particles and Fe2O3 particles

Fig 5 shows IR spectrum of TiOznano-particlcs and Fe2O3 particles.It can be seen that the FT-IR

spectrum exhibits the characteristic absorption band of Ti-O-Ti at about 45G-650cm-t' Fro111

literature peaks comes at 460- 700 cm-r for TiO2 (J.C. Xu, et a12005) It can befound the

characteristic absorption band of Fe-O-Fc at about 470 and 560cm-l in the FT-IR spectrum of
the Fe2O3 particles, which correspond to Fc-O stretching vibration and bending vibration.

Y
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Fig 4: FT-IR spectra of TiO2nano-parlicles and Fe2O3 particles
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2- FT-IR spectra of lron doped Ti0z/Alz03 composite

FTIR specta of TiO2-Al2O3 nano-composite are shown in Fig.3. The FTIR spectra of TiO2-

Al2O3 nano-composite show pronounced bands at 3600 cm'I due to the hydroxyl Soup of the

oxides. Hydroxyl group and surface-absorbed water show band 3650 and 1650 cm-1.(UmitOzlem

and Fatima 2013).The IR band around 3000cm-r shows the C-H stretching. The IR band of
TiO2-Al2O3 nano-composite around 700 and 800 cm-r indicates the Ti-O-Ti and Al-O-Al

bonds of composite (Ahmed MA et al 20ll). In spectra of composite peaks of all components

are sharper, which is confirming it as strong adsorbent.

wavenumber (cm-r|

Fig 5: FT-IR spectra of Iron doped TiOz/AlzOr composite
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Chaptei 4 Result & Discussion

1- SEM character tzatioa of Ceric Ammonium Nitrate\ MWCNTs compoiite

It can be seen from SEM images the morphology of Ceric Ammonium Nitrate\ MWCN'l's

compositeand thgt many small particles can be obtained due to the CNT embedded in big

(NII+)zCe(NOr)s.4HzO particle.( Jie Shu et al,2015) CNT attached qn the surface of each small

partide creates a CNT layer serving as a physical barrier to prevent the further aggregation of

small particles. Thus providing larger surface area for adsorption of chromium in water mcdia.

(Fig 6)

. Fig 5: Sptrrt images of Ceric Ammonium Nitrate\ MWCNTs composite

2- SEM characterization of Iron doped TiO/AIzOr

tr'ig.7 showing SEM images from high to low resolutions (10 um, 5 um, 0.5um, 0.2 um). Imagcs

are displaying morphology of lron doped TiOz/AlzOr, and it is illusfiated that high resolution

have low particle size. The particles size was calculated by "J image software" which was 60 nm.

It can be seen iron doped TiOz were coated in the form of grain on the surface of AlzOt (L.-M.

Wang. et al 2008)
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FigTz SEM images of Iron doped TiOz/AlzOr
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Chapter 4 Result & Discussion

Adsorption kinetics

A-Iron doped TiO2\Al2o3tratro-coltrposite:

'I'he ads6rption evolution obtained for kon doped TiOMtzOrnano-composite is shown in Fig. 1.

Aftcr.around l0 h and 15 h the three batches reached equilibrium and werestable with time. l'hc

pcrcentages of removal after 24 h of adsorption for 3.4 mgll Pb2+ of initial concentration wcrc:

88yo, 8l,.6yo and 80%. (Table 5) Experiments at different initial Pb2+concentration wcrc

pcrformed to evaluate the adsorption capacitiesof the TiOz/AlzOr composite studied.

' Table 5: Adsorption capacrty (mg Pb2+/g) after24 h of reaction, Removal (%) and

equilibrium Pb2* concentration (mg/l) of TiOz/AlzO3 composite

removal

9

3

8

95

T,

8.:

9s

initial conc.

(men)

Composite

Concentration

(me/l)

Pb"equilibrium

conc. (mgfl)
Q" (mg pb/g

adsorbcnt) (%)

.4.

.5

7

5

320

320

320

320

0.68

2.47

7.99

64.6

8.5

18.84

28.16

95

80

7l

53

32

,4

.5

7

560

560

560

560

0.39

1.78

6.37

57

5.37

t2

t9

67.8

88.5

79

62.5

40

.4.

.5

7

340

340

340

340

0.62

2.38

7.9

63.6

8.17

l8

26.8

92.64

81.6

72

53.5

33
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Fig 4: Effect of shaking speed on Adsorption of Pb2* in water

'l'he sorption equilibrium capacity (qr) of ttre adsorbed Pb2* was calculated according to the

following equation:

9"= {(Co - Cu) * V} /W

Where: Co and C" represent the initial and equilibrium metal ion concentration (mg/l),

rcspectively; V is the volume of the metal ion solution (mL), and m is the amount of adsoibent

(mg) (Iable 5).

'Ihc sorption equilibrium capacity (qe) obtained for 95 mg/l initial concentration of Pba+werc: 95

mg Pb2+/g composite,92.64 mg Pb2+lg composite and 67.8 mg Pb2+lg composite (l'ablc

5).Nano-composite removed lead ions from water above 80% and 70 % in3.4mgll and 8.7 mg/l

initial concentration of Pb2* respectively

'fhc'cffect of sorbent mass on percentage of lead removal is significaht. With increasing mass of

Iron doped TiOztAl2O3 compositethe removal of lead was also increased (Fig 3). With high

Contact time and shaking speed the adsorbent has increased the amount of lead( Pb)(Fig 1, 2).

ln literature Toz FezOs and AlzOananoparticles was used separately, at 3.4 mg\l concentration

of lea.d, these NPs removed it 100 % ( SoniaRecillas et al, 2011). tn this study there composite

showed removalefficienry upto 81%.
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Chapter 4 Result & Discussion

B- Ammonium ceric nitrate/ CNTs composite

Effcct of adsorbcnt dosage on Cr(VD adsorption:

'l'he cffect of adsorbent dosage on Cr(VI) adsorption was investigated with adsorbent dosagcs o[

ammonium ceric nitrate/ CNTs composite and modified CNTs (M-CNTs) with 0.01, 0.02, 0.05,

0.08, 0.1, and 0.2 g in 100 mL of chromate solution with a concentration of 2 mg/L.It can bc

secn in Fig. 7 that adsorption rate was slow with modified carbon nanotubes and the adsorption

cfficicncy @ ) increased from 10.35% to 80% when the dosage of compositc increased from

0.01 to 0.1 g. 'l'his finding agrees with the recent work by Kosa et al. (2012). When theadsorbcnt

dosagc increased, the equilibrium adsorption capacity (qe) decreased considerably.

Conscquentty, 0.08 g of magnetic MWCNTs in 100 mL of solution with a concentration'of 2

mg$I, .l was considered optimal for the Cr(VI) adsorption.

ll,ffcct of Contact Time:

'l'hc adsorption behavior of Cr by ammonium ceric nitrate/ CNTs composite in relation to thc

effect of contact time .was carried out by varying the time from l0 minutes to 2 hours at a Cr

conccntration of 2mg[L, a dose of adsorbent of l0 mglL, and optimum pH of 7. The rcsults

prcsented in Figure 5 show that the 4dsorption rate was increasing for ammonium ceric nitraLcl

CN'l's composite after two hour and removal was 80 percent of Cr. It is indicating that by using

this composite the reaction is fast and the adsorption sites are well exposed as compared to M-

CN'l's, which has low capacity for adsorption.

Iilffcct of Agitation Speed:

'l'hc cffect of agitation speed on adsorption capacity of chromium has been studied by varying

thc spccd of agitation from 50 to 150 rpm as shown in Figure 6.' It has been obscrvcd that thc

pcrccntage of chromium removal increased slightly with increasing agitation speed. Agitation

facilitates proper contact betweeh the metal ions in solution and the composite binding sitcs.At

50 rpm and 100 rpm, the adsorption rates monitored were found to be slightly lower than that at

150 rpm. These results indicate that the contact between solids and liquid is more effectivc at

150.rpm.

Synthesis and Application of Al2o3\Tio2\Ceo2\ CNTs Composite for Removal of Heavy Metals from Aqueous Solution
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Figure 8: Pseudo-second-order kinetics of Cr (VI) using M-CNTs and CelCNTs

Kinetics Adsorption of Chromium (V[):

Modcling of kinetic data is fundamental for the industrial application of adsorption since it givcs

information for comparison among different materials under different operational conditions for

dcsigning and optimizing operational conditions for pollutant removal from wastewater systcms

(A. Nassereldeen et at,2009)

Ihc kinetics were investigated by using the information obtained from the effect of dosage (dry-

weight basis) at 25"C at three different time intervals up to 120 minutes. The pseudo first-ordcr

kinctic equation was not applicable because is small comparing to of pseudo-second-ordcr

cquation. In recent years, the pseudo-second-order rate expression has been widely applied to thc

adsorption of pollutants from aqueous solutions (Y.-S. Ho, 2006) Therefore, the pseudo-second-

ordcr equation was used in this study.

'Ihc pseudo-second-order kinetic.model can be expressed as:

l\qs= l/ Kzgez + Uq" ............... Eq.(3)
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Chapter 4 Result & Discussion

't'hc pscudo-second-order rate constants (k2) and the amount of Pb2+ adsorbed at equilibrium

(qe) Were calculated experimentally by plotting (t/qt) versus t according to Eq. (3), where qe is

the amount of Pb2+ adsorbed (mg/g NPs) at equilibrium, while qt is the amount of the adsorption

(mg/g) a!any time t.

'l'hc kinetics adsorption model has been done for chromiume (III) at pH 7 to avoid forming

chromium complexation that leads to precipitation. The parameters of modeling are shown in

following table.

Ily plotting of versus time (Figure 8) yields very good straight lines. The second order-ralc

constant obtained from this figure are 0.097 for CelCNTs and 0.055 (g.mgr.min-') fo. M-CN'l's.

'l'he sccond order rate constant indicates that time to achieve equilibrium concentration of Cr

(III) is less by using Ce\CNTs compare with M-CNTs. The equilibrium adsorption capacity,

obtained from the graph also implies that CelCNTs have higher adsorption capacity (mg/g) as

compared to M-CNTs (mg/g).This phenomenon is.very similar to Zhuo-nan Huang et al. 2015.

Diffcrcnces in adsorption capacities were observed in literature: magnetic CNTS composite for

Cr,9r 1.680 mg/g (Zhuo-nan Huang et al. 2015) and for modified MCNTs Qg: 0.5 (Muataz Ali ct

al,2010). In the case of Ce\CNTs larger adsorption capacity has obtained.

Table 2 Pseudo-second- order model for chromium by CclCNTs

(msfl) - q. (mg\g) KzG.mg-t.-it -') R

.00 (CelCNTs) 1.729 0.097 0.9997

.00 (M-CNTs) 0.789 0.055 0.9996
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