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CHAPTER |

INTRODUCTION

1.1 Statement ofithe problem

Lead is"a heavy metal that is naturally found in small amounts.
Currently, utilization of many, products in daily life such as battery, solder, paint
pigments, phosphate fertilizer, plastic stabjiliz'.ér, and combustion of fossil fuel is the
causes of contamination@andaccumulation o‘f: lead in our environment. Because lead is
a very poisonous megal, it causes,many. healﬁh broblems such as a growth inhibition
and brain dysfunction in‘children; destructiéln's— 911': ‘the central and the end of nervous
connections especially in young-children. Adéitibﬁally, it causes weakness in fingers,
wrists and ankle, and alse ‘affects on gastrointestinal tract, blood, urology, and
ultimately death.“Then, the determination of lead in various products should be taken
into account [1, 2].

However, there are many difficulties to directly determine a trace level
of lead owing to matrix interferences in real samples and lower concentration of lead
than the limit of quantitation of instruments used. With this respect, a separation or
preconcentration step before the measurement step is required. Several methods have
been widely applied for the preconcentration such as ion exchange, coprecipitation,
solvent _extraction, electrodeposition, A membrané  extraction, and _solid phase
extraction, ete. [3-21].

Solid phase extraction (SPE) is one of the most generally used methods
for preconcentration or extraction step because there are several advantages for
example, it has a good efficiency for removing a heavy metal from their matrices, and
it can easily remove the sorbent from the solution. Furthermore, with the benefits of



various sorbents, selectivity, significant decrease in the amount of organic solvents,
low cost, less labor and time, high concentration factor, and potential for automation,
SPE is widely used for separation.

Polystyrene-divinylbenzene (PS-DVB) copolymers, commonly used as
polymeric sorbent in SPE, have hydrophobic.characters but they are non-selective
towards lead ions resulting in difficulties” forco-extraction from interferences.
However, they have broader pH stability range than silica and can be often overcome
their selectivity by chemicalsmadification of their surface.

In_this resgarchy chloromethylated styrene-divinylbenzene copolymers
modified with tricthylenetetramine (TéTA) was chosen as sorbent in SPE for
extraction and precomcentration’ af Pb(ll) ions in aqueous solution in order to
accurately determine lead congentration. The selection criteria of the solid sorbent
was due to its selectivity towards Pb(lt) és b‘feviously reported by Nutthanara et al.
[21] (the detail will'be discussed in section 26)

r

1.2  Objective and scope of this resealf!c,"h

The scope of this research .Waé firstly to/ prepare polystyrene-
divinylbenzene egntaining triethylenetetramine (TETA-PS-DVB) as SPE sorbent for
Pb(I1) extraction-and preconcentration in agueous sample prior to the measurement.
Then, the produets for each step were characterized by attenuated total reflectance
Fourier transform infrared spectrometry (ATR-FTIR) and ninhydrin test. Afterwards,
the influences of experimental parameters Tor sarption and desorption of Pb(lIl) were
investigated and followed by the determination using flame atomic absorption
spectrometry (FAAS) and UV-visible spectrometry (JV-vis).

1.3 Benefit of this research

A method for extraction of Pb(ll) in aqueous sample for accurate

determination by FAAS and/or UV-vis will be achieved.



CHAPTER I

THEORY AND LITERATURE REVIEW

2.1 Metal ions extraction i

Separation of analyie speéleé' from potential components is necessary
in numerous fields to enhance sensitivity and extend the use of instrument. Various
techniques such as selvent extraction, preéipi}ation, solid phase extraction were used
for isolation of elements from their maj'q_r. impurity. Two commonly employed

techniques are reviewed below [22,28]. .,

ol il

Solvent Extraction =

Salvent extracﬁon is an extra(fti;/-ér method. based on distribution of
elements betweenstwo=insoluble=liguid-mediums:-agueous=and organic solvent. The
extraction performance can be enhanced by choosing additives such as ion pair or
chelating agents,-or salts for improving salting out effect and compromising pH of
sample. It is simple‘'but _has many proprietary limitations including tedious, large
amount -of ‘toxic’ organic ‘solvent, emulsion Tormed between water and organic

interface,.and un-successive extraction.

Precipitation

Precipitation is a separation method that an analyte is formed with a
precipitant as a precipitate and then filtered from the sample solution. Precipitation
method is a sample preparation based on the difference in solubility of each

component. The significant characteristics of precipitant are that it should selectively



react with the target analyte, the precipitate shall be easily isolated from the solution,

and has high stability.

2.2 Solid phase extraction

Solid phase extraction (SPE) is a popular sample preparation method.
It could quantitatively'not only exhaustively separate analyte from matrices solution
but also recover in glution step..Consequently, it is extremely significant for chemical
analysis of a trace level ofsanalyte and high concentration of matrices interfering in
samples for avoiding measugement -uncertainty. And analytical separation is an
important step for.many,fields of determination work. The objectives of solid phase
extraction are preconcentration, clean up, é‘t{nd solvent exchange.

Benefits of SPE method over solvent extraction are high selectivity,
good separation efficiency, ease for removal of the sorbent from the sample solution,

completely free of emulsion, less{abor, and: tbw amount of organic solvent.

'~H

2.2.1 _Principle

SVPITE Is the preparation technigue base on the distribution of the analyte
in bulk solution and solid sorbent. The sorbates (or analytes) can be separated from
sample matrices into sorbent (or solid phase) on account of their greater affinity for
the solid sorbent than‘the sample impurities: On the contrary, in some analytical
procedures, sample matrices are retained on the solid phase and the analyte remains in
the sample solution.

The equilibrium of the analyte distribution is explained by distribution
coefficient (Ky) [24]. It was defined to present a ratio of cancentration of retained

analyte on the sorbent to dissolve or suspend analyte in sample solution. And it is

described by Equation 1. A high value of K, is expected for good extraction.



Kp=— 1)

where

1ett ld cbmprise of four steps:

conditioning, loadir ed in Figure 2.1.

Condi Elution

olri]
ﬂuﬁlliﬂeﬁl‘ﬂﬁﬂ%ﬂ‘i
’imﬁ\ﬂﬂf‘m NRTANATRL

sorbent is dried before loading step finished. Then, reconditioning must be done.
Secondly, the sample solution is applied to the sorbent and the analyte is retained on
the sorbent. Next, the sorbent is washed by low affinity appropriate solvent to



eradicate undesired species while the analyte is not stripped. Finally, high affinity

solvent is applied to strip the analyte from the sorbent for determination.

2.2.3 Retention mechanism

Retentionmechanism was classified-nto various modes based on
interactions between sorbate and sorbent [26-28]. On the contrary, retention of trace
elements is classified inte four modes: adsorption, chelation, ion-pairing, and ion

exchange.

Adsorption

Adsorptiongs the mechanis".‘"m that has competition between solute and
solvent to adsorb'onto the sorbent surface based on Van der Waals forces or
hydrophobic interactign. The retention of sorbate is affected by three factors: polarity
of sorbate and activity site of sorbent; surface_ area, and sorbent pore diameter.

 dd

Chelation -~ - Y o =

Chelation-is—a-process-that-metaldons-form=complex with ligands
containing electron donor atom (is called chelating agent) including nitrogen
(functional groups carry N e.g. amines, amides, azo group, nitriles), oxygen
(functional groups carry O e.g. carboxylic, hydroxyl, phenolic, ether, carbonyl,
phospheryl groups) and sulfuri(functional groups’ carry 'S«€ig.«thiols, thiocarbamates,
thioethers). Diiferent chielating "agents ‘can’ bind' with metal fJons with different
stability. 1t can explain by Hard Soft Acid Base (HSAB) principle, [29, 30]
(sometimes €alled Pearson’s Principle). HSAB/Is) the important rulerwhich describes
the' stability ‘'of metal-ligand complex‘based on the statement-that “hard" acids form
strongly to hard bases and soft acids form strongly to soft bases”. The coordination of
complex is affected by characteristic of metal ion and chelating agents as well as
conditions of sample solution (e.g. pH, ionic strength).



lon exchange

lon exchange is a sorptive process which used sorbent carrying
positive or negative charges and the surface associated with the opposite charge as
counter-ions. Counter ions are the sites that exchange with analyte ions. The sorbent
which contains cationic counter ion is labeled as‘€ation exchange. On the other hand,
the sorbent which contains anionic counter ion-is-labeled as anion exchange.

There are.two types of ian exchange: sirong and weak, depends on the
characteristic of functienal .group. Strong lon exchange is the sorbent carrying
functional group which presents active form in the wide range of pH. Functional
group of weak ion exchange presents ac‘_ti\fe form at pH clese to pK,. The sorption
efficiency is affected'by analyte ions propé[ties, ionic strength, and pH.

lonzpairing f.;-;

lon-pairing is developed for j‘r{)prc“)ving retention between polar analyte
and non polar sorbent by adding:‘ion pairih‘é‘_‘;\gqgt. lon pairing agent contains both
hydrophobic and hydrophilic sites-on the m@ec@le. The sorbent is coated with ion
pairing agent by hydrophebie forces. Then,:"thé.;surface of sorbent possesses ionic

charges. However, ion-pairing has similar mechanism to ion exchange.

2.3 Solid sorbent in SPE

The-important characteristics of the sorbent are stability in wide pH
range, fast kinetics and quantitative sorption and desorption, high capacity, and
reusability, Solid sorbent materials in SPE are divided into two based“supports as

inorganic based sarbents and organic based sorbents [26].



2.3.1 Sorbents based on inorganic support

The main materials of sorbents based on inorganic support are silica
gel or other inorganic oxide. They are l' arized in Figure 2.2
i
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applications. Improvement of retention for element species is successful by
functionalization of C,g- bonded silica gel with chelating agent. In spite of silica based
sorbent, Cyg- bonded silica gel has similar drawback to silica gel.



Other inorganic oxides sorbents

Other inorganic oxides sorbents such as magnesia (MgO), titania

(TiOy), alumina (Al,Os3), zirconia (Zr0Qy), etc. have been used for retention of element

0 types as polymeric

and non-polymeri Jepicted in Figure 2. \ rtant benefit of organic

of the sorbent depefids on many physicochemic , including particle size,
surface area, pore di linking and particle size

+chelateto APDC Qulnalhar‘
the sample  pipDTC

AR mmm UAIINYIAY

Naphthalene

| Activated | | Graphitized |

Figure 2.3 Organic based sorbents. [26]
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Polystyrene-divinylbenzene sorbent

Polystyrene-divinylbenzene (PS-DVB) based sorbents are widely used.
They have many aromatic rings on the surface which allow n-n interactions [31].
Chemical bonded sorbent with polar group ceuld enhance the sorption efficiency in
aqueous samples. There are many commercial PS-DVB sorbents as Amberlite XAD
series such as Amberlite XAD-1, XAD-2, XAD-4;and XAD-16.

Carhgn'sorbent

Actiyated garben sorbents“ can retain not only organic compounds but
also elements owing o two adsorption'm‘échanisms: Van der Waals forces or -
electron interactions, and hydrogen bondirTQ. However, low reproducibility on account
of heterogeneous active sites on the surface -‘and Its very reactive for oxidation and

chemical reactions are the major drawback 61_‘_,th_i_s sorbents.

r

ol il

Cellulose sorbent ey

Cellulose is one of sorbents wl{igb'.@ffectively extract trace element in
water sample; The selectivity becomes better by being functignalized with chelating
ligands.

24 Lead

2.4.1 Toxicity of Pb(ll)

PB(I1) which'is a poisonous metal ion, can contaminate and accumulate
in the environment. Many health problems occur when Pb(ll) accumulates in human
body. It causes the damage of brain, nervous connection, muscle, kidney, alimentary

canal, gastrointestinal tract, hematological, urology, and then eventually death [2].
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2.4.2 Determination of Pb(ll)

The basic measurement of Pb(Il) is described below.

2.4.2.1 Flame atomic absorption spectrometry (FAAS)

FAAS is the single elemept at a time detection method which is widely
used for determination of 60-70 elements. It is suitable for routine analysis because of
its merits: very simple with unskilled operator, high selectivity, reproducibility, good
accuracy and precision,.and less.cost. |

The standards methods for the determination of Pb(ll) are the
followings; =

Direct Air- Acetylene Flame Method IS proposed by the American
Society for Testing and /Materials (ASTKi/I) [32], which is the applicable standard
method for measurement  of disselved andtotal recoverable Pb(Il) in water.
Nevertheless, the chemical reaction in flame ﬁnd high concentration of Ca®* in sample
solution are the main cautse of Inaccurate determ’matlon of Pb(Il) concentration and
high level of limit of detectlon T’

Extractlon/Alr-Aceterne Flame M‘etﬁod is recommended in Methods
for Chemical AgahLSIS of Water and Wastes- (EPA-600/4-ZQ-020) [33]. It used for

determination “ef Pb(ll) at the concentration level that not-sufficiently high to

determine by Direct Air-Acetylene Flame Method. Pb(Il) can form a chelate with
ammonium pyrrolidine dithiocarbamate (APDC), followed k;y extraction into methyl
isobutyl-ketone (MIBK)-and-aspirationsinto.an-aic-acetylene-flame.

FAAS has some limitationsas follows high [limitiof detection for
Direct Air-Acetylene Flame Method and more complicated for Extraction/Air-
Acetylene, Flame fMethod:=Then, jothen techniques~commonly| used jare described

below.
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2.4.2.2 Electrothermal atomic absorption spectrometry (ETAAS)

ETAAS, also known as graphite furnace atomic absorption
spectrometry (GFAAS), is the discrete atomic absorption spectrometry which
developed for improvement the sensitivity over EAAS. The L’vov platform is placed
in the graphite to reduce sample loss and provide constant temperature environment
for more reproducibility and sensitivity., Sampie-s dropped into a graphite tube then
elements are atomized by electrical energy in feur steps: desolvation, ashing,
atomization, and cleaning. In.general; the typical detection limit of ETAAS is 10-500
times lower than that of FAAS [34], but the instrument and consumable parts are

more costly.

2.4.2.34nductively coupleq plasma optical emission spectrometry
(1@P-QES)

ICP-OES isthe simulianeous multielemental emission technique which
has been extensively used for-element measu-r_-e;ngr_\‘t. Nearly all elements are atomized
by the sufficient plasma energy-from argon gas. Tﬁe significant characteristics of ICP-
OES are long linear. dynamic range, ve"rj/-’ high sensitivity, and less chemical
interferences. J\€P-OES can be used for many field applications/such as agricultural
and foods, biolegical and clinical, environmental and waters, and used as ionization
source for mass spectrometer. However, the Instrument cost and high gas

consumption are the main drawback.

2.4.2.4 U\-visible spectrametry (UV4vis)

UV-vis is the commonly moleculars absorption spectrometry for
measurement of the absarbing ultraviolet or visible radiation molecules; It'is routinely
used as high-performance liquid chromatography (HPLC) and other instruments
detector because of many field applications such as determination of organic,
inorganic, biochemical molecules etc., high sensitivity, non-destruction of sample
solution, and less operating cost. Complex of Pb(ll) with various complexing agents

could absorb visible radiation. Examples of complexing agents are the following [22].
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Dithizone method

Dithizone (diphenylthiocarbazone) is the well-known complexing

agent which used for determination of Pb(ll) and other metals. It is soluble in ketones,

SOl enis including carbon  tetrachloride,

chloroform, benzene, ete. and not stable to sunligh e dithizone solution has green
color and turn into p Kk solutio ' was produced [22]. The

AR (4-(2-pyridylazo)re ' {" compound which

overcomes to dith However, it is less

r.
one. Stable form of Pb(I1)-PAR comple ‘*] n aqueous solution has
red color [22]. The s.l'uﬂre of PAR is prese&gd in Figure 2.5.

AUEINANINEING
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Figure 2.5 Structure of PAR.

sensitive than ditf "
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2.5 Host-guest approach in metal-ligand complex

Host-guest chemistry is the rule which described the specific binding
of substrates and macromolecule cavities through non-covalent contact including
coordination bonding, ion pairing, hydrogen oonading, dipole-dipole interaction, and
Van der Waals force. Host is referred to the‘melecule possessing convergent binding
sites. And guest is referred to the molecule possessing divergent binding sites [35,
36]. Hole-size effect.issthe imporiant key for the stability of complex. The complex
can partially form when the rigid host cavity due to its non-flexible structure
mismatches the guestimolegule: If the host cavity is flexible, the stable complex can
be formed owingto theschangeability of.the host cavity size matching to the size of
guest molecule. ’ |

In" mapy researches, seIthivity of metal-ligand complex can be
explained by host-guest ¢hemistry. Examp“le_s of host molecules are crown ethers, aza
macrocycles, imine /macrocycles, porphyrins, calixarenes, and cyclodextrin.
Frequently, a Schiff base as hest moleculéis widely used to bind with cationic
molecule. The nitrogen atoms in:'many imine molecules donate electron to form
complex with metal ions. The electrons nciléi!pt:‘a]ized across the m system, as a

consequence, the,metal ligand complex is stable.

2.6 Literature review

There are“serious praoblems for determination of-a heavy metal which
contaminates in water. Eor example, the sensitivity of.instruments is not enough for
the quantitative analysis of trace level of metal ions and the sample has complicated
matrix «interference« "problems; | Accordingly,y «#the Cstepir of separation’ and
preconcentration 1S usually-required.- Examples ‘of ‘many techniques “which=solved
these drawbacks are the followings:

Liquid liquid extraction (LLE) is a general technique for extraction and
separation of analyte from one phase into another immiscible phase. There are many

metals have been extracted by using this technique [4-7]. For example, zinc
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hexamethylenedithiocarbamate (Zn(HMDC),) was used as extractant for the
extraction of Pb(Il) from other matrix elements in HNO3; and HCI medium solutions
to an organic phase containing of 2,6-dimethyl-4-heptanone (DIBK). After that, the
back-extraction and determination with FAAS were approached [8].

However, solvent extractionsmethod used large amount of organic
solvent. Additionally, single drop microexiraciion technique (SDME) is the one
technique used for reduecing the use of toxic organic solvents [37-39], for instance
dithizone-chloroform single.-drop microextraction was used for sample pre-treatment
before determination of Cd(ll)/in water'and biological samples with ETAAS. And Ir
was also used as pegmanent modifier in a graphite tube for solving the problem of the
loss of Cd(11) [40]. 4

Nowadays, green-chemistry'is a considerable concept in many fields of
chemistry. For instance, foom temperaiure fonic liguids (RTILs) have low vapor
pressure, high thermal stability and can be'kept_‘ away from environmental problems.
With these benefits, they are interesting altétnaﬁves as nature friendly solvents [41-
43]; for example, the research of Méhigqri et al. [44] used 1-butyl-3-
methylimidazolium  hexaflugrophosphate ['CJT:;MIM][PFG] as RTILs for
preconcentration and extraction -of compl"exes;;‘of lead ammonium pyrrolidine
dithiocarbamate (Pb(I1)-APDC).

AS' solvent extraction has many drawbacks such' as large volume of
solvents, several Successive extractions, emulsion between aqueous and organic
phases, and necessary preconcentration step, etc., that is“why, there are various
methods developed” fGr. conquering these. problems including ion exchange,
coprecipitation, electrodeposition,»membrane extraction, and solid phase extraction,
etc.

The coprecipitation of Pb(l1l) with Co(ll)-pyrrolidine dithiecarbamate
complexes (Co(PDC),) prior to determination by ETAAS, 'with slurry sampling
introduction. Morewhile, ammonium pyrrolidine dithiocarbamate (APDC) was used
as the chelating agent and Co(ll) was used as the carrier [3]. The slurry method
prosperously used for direct ETAAS determination because elution step or dissolving

of the precipitate is not necessary. Anywise, the major problems that cannot be
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overleaped in slurry sampling method are the homogeneity and stability of the slurry.
Hence, the conventional SPE is more attractive procedure than slurry method.

The most commonly used method not only preconcentration but also
separation is solid phase extraction (SPE). In recent years, there are many researches
on different kinds of sorbents for SPE procedure preceding determination of analytes
including silica, sugarcane bagasse, activated Caroon, nano-alumina etc. Examples of
the researches which used various Sorbents such as silica, sugarcane bagasse,
activated carbon, nano-alumina, polystyrene-divinylbenzene are detailed hereafter.

Siliea sorbent was modified with quaternary ammonium salt applied as
matrix for the grafting of xylenol orange“(XO). Thereupon, silica surface were coated
with XO and Fe(l11)-%0 complexes as sorbent for extraction and preconcentration of
Pb(I1) in natural water and foodstuffs prior to determination by diffuse reflectance
spectroscopy studied by Zaporozhets et ak. f[l?j]-.

Gurgel and Gil [14] preparéd.tv__v_o new chelating materials based on
sugarcane bagasse before functionalizationVV\'/.ith'triethylenetetramine MMSCB 3 and
5, for removal of Cu(ll), Cd(1i)and Pb(il) from aqueous single metal solution. The

structures of MMSCB 3 and 5-are shown in Fjgure 2 6.

o)
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o i} /~\
2y © %M —\—NH HN—/_ ?

MMSCB 3 MMSCB 5

Figure 2.6 Structures of MMSCB 3 and MMSCB 5.

The. surface: of, activated ‘carbon was modified 'with tetrabutyl
ammonium iodide and sodium diethyl dithiocarbamate as sorbents for elimination of
Cu(ll), Zn(I1), Cr(VI) and CN" from waste-water reported by Monser and Adhoum

[15]. Then, activated carbon was purified and oxidized before modifying with
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triethylenetetramine as sorbent for preconcentration of Cr(l1l), Fe(lll) and Pb(Il) in
water sample prior to determination with ICP-OES presented by Zhang et al. [16].

Ezoddin et al. [17] obtained a new effective sorbent, by coating nano-
alumina with sodium dodecyl sulfate-1-(2-pyridylazo)-2-naphthol (SDS-PAN), for
determination of Cd(Il) and Pb(l1) in water and.herbs.

Furthermore the examples abQve; functionalization of polystyrene-
divinylbenzene with various chelating agents have been widely used as polymeric
sorbent in SPE method.

Mesquita et al [18] developed a flow system for colorimetric
determination of RB(Il) Jin water by ‘formation  of ternary complexes between
malachite green, iodide and Pb(Il). Anywise, this reaction was more sensitive with
Cd(I1) than Pb(l1)¢ Thegeby, the elimination of Cd(Il) was necessary. This research
used AG1 X-8 as amionig¢ sorbent for thé} refoval of Cd(ll) by complexation with
chloride and retained in the sorbent. Subseq"u_e.nt_!y, the mixture of sample and reagents
was carried out to Chelex 100, «as catibhjc sorbent which was combined with
sequential injection for the sensitivity imprdférﬁgnt.

Lemos and “Baliza [19] %;Ie\;éloped an on-line system by
functionalization of Ambeslite XAD 2 withr'zfairﬁinothiophenol for preconcentration
of Cd(I1) and Cufll) in water samples

In/ addition, Amberlitt XAD-2 was coupled to purpurin for the
extraction of Cd(I), Cr(I11) and Pb(Il) from leachate of cement-based stabilized waste
and de-ionized water matrices reported by Wongkaew et“al. [20]. This research
showed the elimination‘@finterferences in the:samples by using SPE method.

Nutthanara et = al+ [21] functionalized triethylenetetamine onto
polystyrene-divinylbenzene (TETA-PS-DVB) as selective sorbent for the adsorption
of Pb(Il), Zn(11), NI(1I), Cu(ll), Co(ll) and Cr(Il1l)=in aqueous solution.-=The result
showed that. TETA-PS-DVB 'is selective for Pb(ll) adsarption. The, 'structure of
TETA-PS-DVB is shown in Figure 2.7.
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Flgure.2«f Structures of TETA-PS-DVB.

Furthermore, smany ' literatures reported the use of dithizone as
colorimetric chelating reagent for deterh]ination of heavy metal including Pb(ll),
Zn(11), Cd(11), Cu(ll); etc.Forexample, Za[;f)rozhets et al. [45] modified silica surface
with dithizone and zing dithizone as sorb;nt for the extraction of Ag(1l), Hg(l1), and
Pb(ll) in water and buttermilk. Many":dm“etal-dithizone forms colored chelate
complexes were determined with UV-vis. = :

Modified alumina Ioaded—d‘i_pmzone was used as sorbent for the
removal and preconcentration ,of Po(i1) and oth'et;jmetals from water samples, reported
by Mahmoud et al. [46]. ’: :

However; sevéral colorimetr'ié"'(fhél_afing agents-for determination of
heavy metal were_dissolved in organic solvent. So, L1 F is always used and on
account of the“limitation of solvent extraction method. A new-methodology by using
aqueous medium containing surfactant for avoidance of organic solvent use is also
attractive. |

Raradkar~et @ls[47] used dithizone in agueous,medium containing
Triton | X-100" for exiraction of | several heavy. metals.] Akl [48] using
phenanthraquinone monophenyl thiosemicarbazone (PPT) combined with nonionic
surfactantifor-eolorimetric.determinationiofiRh(M)in‘agueous solution.

From | the U literature. “review 'mentioned ".above, . polystyrene-
divinylbenzene copolymer functionalized with triethylenetetramine (TETA-PS-DVB)
is the attractive sorbent for extraction of Pb(ll) due to its selectivity and combination
of micellar colorimetric method and desorption step is the interesting technique for

determination of Pb(Il) by UV-vis. This research aimed to extraction of Pb(ll) in



19

water by using TETA-PS-DVB for determination by UV-visible and flame atomic
absorption spectrometries.

]
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The term j‘o by a flame atomic

absorption spectlmxeter mode

cathode lamp was op‘erated using default conditions under the recommendation of the

manuf : Th ical ; at- 0.7 nm of slit

width Hl ; lar e 5;ﬂl rat @c rolled at 2 mL

min’* an(ﬂne air flow rate at 4 mL ?in'l.
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An inductively coupled plasma optical emission spectrometer model

00 from Perkir@mer. The lead hollow

iCAP 6500 duo from Thermo Scientific was used for the determination of metal ions

in solutions.
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Mechanical shaker

A mechanical shaker model HS 500 from Janke&Kunkel was used for

shaking the solution in batch method. . ©

eriments were controlled by a

im supplied with a glass-combined

electrode was used for the measurement o alues of solution.

e —— oo F |
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A UV-visib odel HP 18453 was used for

absorbance measﬂment of Pb(ll)-dithizone complex in solution in the range of 300

ﬁuﬂqwaﬂﬁwawni
#Wﬁiaﬁmm URIANYIA Y

All chemicals were used in this experiment without further purification

unless otherwise noted. The chemicals were summarized in Table 3.1.
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Table 3.1 Chemicals list

Chemicals Supplier

Acid solutions (Acetic acid
Nitric acid 65%, Sulfuric a

,  Merck

Acetone ‘ : 2 dﬁ her Scientific

Benzene

Chloromethylate

copolymers

Dichloromethane ‘ y o 0 rba Reagent/ ACS
Dimethyl sulfoxidé (DMSO) b '-@ for synthesis
1,4-Dioxane | ‘ A\ .‘ 0 Erba Reagent/ ACS
Dithizone F | % ', 4 i \ Y 1 &Baker

Ethanol ) : =T erck

Methanol »' Merck

Ninhydrin Tk , ‘ Merck .

Potassium hydroXid S —— e

Sodium acetate m : [ rba Reagent/ ACS

Sodium hydrogen Carbonate

iti‘?fﬁsﬁ“fﬁ"ﬁmm(]%%’ 1| E]V“iﬂ‘i

Trlethylmtetramlne Fluka/ purum >97% (RT)

* The elimination: of moistuf ‘-‘o ethane“was done’ by f 1 over
!alcmm hydride and distilled again before used in functionalization of CHO-PS-DVB
step.
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3.3 Preparation of solutions

Working meta \ ,

Workln ' -.x‘ ons o , Ni(l1), Cu(In), Cr(ll), and

stock standard solution to

the required conce _by” ' ing dei H of all solutions was
adjusted by 1% (V. ricac ‘ Q\‘m droxide solutions.

Cr(I11) were preparee

a was dissolved in deionized

water and its pH was a

C aci !ﬁﬁa

Hydrochl

J _:p-*‘ -".l"" :
The HCI solutiens (1, 5, 10% (V/v)) were prepared daily by direct
o
dilution from the concentrate .-J,._L.; d-solution=s =

Trmwos solutions (1, 5, 10% (v/v)) Werﬁepared daily by direct
dilution from the corteﬂated acid solution. g _»

A ULINYRINYINT
amm AR TN gY -

Dithizone in Triton X-100 solutions

Triton X-100 solutions with the concentrations of 3, 5, and 10% (v/v)

were initially prepared by dissolving the surfactant in acetate buffer. An excessive
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amount of dithizone powder was then added into the Triton X-100 solutions. The
mixtures were continuously stirred until the saturated solutions of dithizone were
obtained. Afterwards, the excess undissolved dithizone solid was separated from the
solutions by means of filtration using filter paper. These solutions were daily

prepared.

3.4 Preparation andcharacterization of sorbent

There are two main steps for the preparation of TETA-PS-DVB. The
procedure was modified from Nutthanara et al. [21]. The sorbent was firstly prepared
by oxidizing of chloromethylated polystlyrene-divinylbenzene copolymers (5 g of
CI-PS-DVB) with approximate 2.1 g of “‘sodium hydrogen carbonate in 40 mL of
dimethyl sulfoxide"(DMSO) in a round bottom flask, the mixture was stirred and
refluxed at 155 °C for6 hours on a sand bath:’.“A'fterwards, the sorbent was filtered out
and washed with DMSQ, hot water and d'rt';);(ane":water (2:1). And the sorbent was
rinsed with dioxane, acetone; methanol, dicfﬂgrb’ﬁﬁethane, and benzene. The sorbent
was then dried under vacuum at-100 °C and kq[_‘)t‘ in a desiccator. The product was
called aldehydic polystyrene-divinylbenzene (CHO-PS-DVB).

The next step was the functionalization off CHO-PS-DVB with
triethylenetetramine (TETA), CHO-PS-DVB (1 g) was-swollen in 10 mL of
dichloromethanear 1 hour in a two-necked round bottom fiask. Then, 2.64 mmol of
TETA in 30 mL dicholeromethane was slowly added dropwise over a period of 30-45
minutessAnd the mixture was stirred for 6:hours under nitrogen atmosphere until
completesreaction at room temperature. Then, the sorbent was filtered out and washed
with methanol and dichloromethane prior to vacuum, dry at room temperature and
keptin a desiccator, the product was labeled.as TETA-PS-DVB. The products-of each
step were characterized with attenuated total reflectance Fourier transforms infrared
spectrometry (ATR-FTIR) and ninhydrin test. The preparation procedure was
presented in Figure 3.1.
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CH,Cl

Cl-PS-DVB TETA-PS-DVB

3.5

| naste was prepared by
following Wongkaew gt al. [20] ada _: E ‘ ‘od 1312 (SPLP) [49]. The
cement-based mortarwas ! "" i ". than 9.5 mm before extraction
with extraction fluid. Since ' Aufate. ratural | i n extraction fluid was slightly
acidified de-ionized water, a n"‘“ [ H,S04:HNO3 (80:20 by weight) was
used to execute pH o ;-‘ atel | raction fluid. Then, ground

cement-based-mortar (25 g) was leached by using 500 mL of the extraction fluid. The
' or-18 hours. The leachate

mixture was mixed £ n fo
and preﬂ/ed for further method

was filtered out ﬂuugh 0.45 |
validation expenmen}s

AULAINENINYING

3.6 A‘Hsorptlon of Pb(Il) on the sorbent

A Gl AR DEAR B

‘atch and column methods. All adsorption studies were investigated under optimum
pH values previously reported by Nutthanara et al. [21]. All experiments were

performed in triplicate.
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3.6.1 Batch method

In batch method, the effect of numerous analytical parameters
including sorption time, and kinetics of Pa(!l) sorption, selectivity of sorbent, sorbent

capacity and adsorption isotherm was investigated.

3.6.1.1 Effect of sorption time and kineties of Pb(l1) sorption

For estimating.the optimum sorption time and kinetics of Pb(ll) on the
sorbent, the batch methed was carried out by weighing 25 mg of sorbent in screw
capped test tubessWith a'5.00 mL aliquot of 5 mg L' Pb(ll) solution after being
adjusted its pH to 44 Then, the screw capp.éd test tubes was mechanically shaken at
sorption times ‘ranging from .0-120 rrxlinutes. The sorbent was separated by
centrifugation at 3000 rpm for 10 minutés. The remained amount of Pb(ll) in the

solution was determined by FAAS;

3.6.1.2 Selectivity.of sorbent

In order to assess the selectivity of the sorbent for sorption of Pb(ll),
25 mg of sorbent was weighed in screw capped test tubes with-a 5.00 mL aliquot of
5 mg L™ single Pb(Il) solution pH 4 or binary solution of Pb(il).with other metals i.e.
Zn(11), Ni(I1), Cu(ll), Co(It) or Cr(l1l) and the mixture was mechanically shaken at an
optimum sorption time. The sorbent was separated by centrifugation at 3000 rpm for

10 minutes. The remained-amount of Pb(11) in‘the solution was determined by FAAS.

3.6.1.3 Sorption capacity and adsorption isotherm

The | sorption capacity of sarbent and adsorption isotherm were
investigated by weighing 25 mg of sorbent in screw capped test tubes with a 5.00 mL
aliquot of various concentrations of Pb(Il) solution between 3.00 and 6.50 mg L™
after being adjusted its pH to 4 and the mixture was mechanically shaken at an
optimum sorption time. The sorbent was separated by centrifugation at 3000 rpm for
10 minutes. The remained amount of Pb(ll) in the solution was determined by FAAS.
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3.6.2 Column method

A Curity® stomach tube (0.4 cm internal diameter, 2.5 cm length) was
used for preparation of a laboratory-made mini-column. Each column was packed
with 50 mg of sorbent and sealed with cotton aiboth ends. The mini-columns were
used only one time. In column method, the eifect.ef flow rate and recirculation of

solution was performed.

3.6.24" Effeet offlow, rate

l
TheretteciFof gflogwrate V\_/as_studied by passing a 25 mL aliquot of

1 mg L™ Pb(Il) solugion through the column over a flow rate ranging of 0.5-5.0 mL
min™’. The flow rate ofiSolution was contﬁollgd by a peristaltic pump. The remaining
Pb(1l) in the solution'was determined by FA_AS.

3.6.2.2 Regirculation-of solﬂ@fbnw
=/,

The recirculation 6f solutionﬂéSf'evaluated for improvement of the
sorption efficiency. A 25 mi-aliguot of 1 mgj'l::-l.;Pb(II) solution was passed through
the column at a-suitable flow rate. The remaining solution was-fecirculated by passing
through the same Tcolumn again and again at the same flow rate.' The recirculation of
solution was varied in the range of 2-7 cycles. The remaining Pb(ll) in the solution
was determined by FAAS.

3.7 Desorption of Pb(ll)

For, the desorption study of Pb(l11) from the sorbent, the determination
of Pb(ll) was divided into two techniques, i.e. flame atomic absorption spectrometry
and UV-visible spectrometry. Both FAAS and UV-vis were only evaluated in batch

method.
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3.7.1 Determination by FAAS

3.7.1.1 Effect of type and concentration of desorption solutions

The study of type and concentraion of desorption solutions, a batch
method was carried out by weighing 25ng of sorbent in screw capped test tubes with
a 5.00 mL aliquot of 5 mg-=*Ph(11) solution pH 4 before mechanically shaking at
optimum sorption time...Fhe serbent was separated by centrifugation at 3000 rpm for
10 minutes and washedswithsdeionized \“1vater twice, and then HNO3 or HCI solution
with different coneentrationswas added and shaken for 1 hour. The amount of Pb(Il)
in the solution was determined by FAAS B

)
3.7.142 Effectjof desorptlonilme
In order to examlne the su1tah.le desorptlon time, a batch method was
carried out by weighing 25 mg of sorbent |n the screw capped test tubes with a
5.00 mL aliquot of 5 mg L™ Rb{H) solutlon—_(pH 4) before mechanically shaking at
optimum sorption time. The sorbent was separated—by centrifugation at 3000 rpm for

10 minutes and-washed with deionized water tW|ce and then the suitable desorption

solution was added and shaken at desorptlon tlmes in a range of 0-60 minutes. The

amount of Pb(11) in the solution was determined by FAAS.

3.7.2. Determination by"UV-vis

For UV-visible technique, the amount of Pb(ll) was determined by
usingasaturated, dithizene insurfactantisolution as,colerimetrigichelating-reagent. The
coloriof dithizonevsolution.changed frem ‘green to pink when.Pb(ll)-dithizone was

produced. The absorbance of Pb(Il)-dithizone complex was measurement at 515 nm.
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3.7.2.1 Effect of concentration of surfactant

Dithizone is an organic colorimetric chelating agent that could not
dissolved in aqueous medium. Then, a surfactant (Triton X-100) was used for
enhancing solubility of dithizene in agueoussmedium. This research used saturated
dithizone for assuring that adequate amounis of dithizone for the amount of Pb(ll)
which stripped from the sorbent. However, amounts of dithizone that dissolved in
aqueous solution containing surfactant depend on- the concentration of surfactant;
therefore, the effect of gencentration of surfactant was first evaluated.

The effget of concentration of surfactant was performed by weighing
25 mg of sorbent.in'screw capped test tul&_es}with a 5.00 mL aliguot of 5 mg L™ Pb(11)
solution pH 4 and the mixture Was‘mechaiic'ally shaken at an optimum sorption time.
The sorbent was separated by centrifugation at 3000 rom for 10 minutes and washed
with deionized water twice, and _then éjfferent concentrations of Triton X-100
containing saturated dithizone:solution (5 'rﬁl;) ‘Wwere added. The amount of Pb(ll) in

)

the solution was determined by UM-vis. =

il

38 Method validation

L;)achate from cement-based stabilized waste was used for
demonstration of th‘e validity of this method. Recovery was evaluated by using spiked
Pb(Il) to leachate. And the precision of the method was pérformed as the relative
standard-deviation(RSD),

The methad validation in batch method was carried j@ut by weighing
25 mg of'sorbent in screw capped test tubes with a 5.00 mL aliquot of leachate spiked
with=5 mg L= Pb(ll)=solution~(pH 4) and sthe-extractionywas jdone undersoptimal
conditions. The amount of Pb(I}) inithe'solution was determined by FAAS,
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3.9 Reuse of sorbent

The reuse of sorbent was carried out by weighing 25 mg of sorbent in

screw capped test tubes with a 5.00 aliquot of 5 mg L™ Pb(11) solution pH 4 and
the mixture was mechanic ‘ ' ‘ | num_sorption time. The sorbent was
separated by centrifugat m for 7 es and washed with deionized
water twice, and then the desc "] desorption solution for

determination by FA dithizone i i for UV-vis) was added and
shaken at optimum dese il rated by centrifugation at
3000 rpm for 10 min. | Avas r twice. Afterwards, the
sorbent was drie Vagliu process was repeated

and the amount of P ‘
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Figure 4.1 ATR-FTIR spectra of (a) TETA (b) CI-PS-DVB (c) CHO- PS-DVB and
(d) TETA- PS-DVB.
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Comparing the ATR-FTIR spectra of CI-PS-DVB with CHO-PS-DVB,
CHO-PS-DVB (see the structure in Figure 3.1) showed two important characteristic
peaks of aldehydric C-H stretching at 2726 cm™ and C=0 stretching at 1704 cm™.
Moreover, comparing the ATR-ETIR spectra of CHO-PS-DVB with TETA-PS-DVB,
the final product showed the presence of G=N streiehing at 1650 cm™ and absence of
C=0 stretching at 1704 cm™. Considering~TEFA spectrum, neither characteristic
peaks of N-H nor N=H5 could be observed because these peaks appear at the same
wavenumber of the strong broad ahsorption band of water (3000-3500 cm™), but the
C-N stretching at. 4425 cm™ could be seen. However, the C-N stretching of TETA
could not be observed in the spectrum of TETA-PS-DVB.

Ninhydein test was applied to identify whether the surface of prepared
polymeric materialS contained free-terminal primary amine functional group [50]. If
primary amine is present,the color of théjulso"l'-id and solution will turn green or blue
(positive test), if not, the'yellow color of niﬁhyt:_l_r_in solution will not change (negative
test). CHO-PS-DVB /was ‘used as+a negaﬁ\'/;e control while TETA was used as a
positive control. The result of ninhydrin tééﬁs; summarized in Table 4.1, it reveals
that TETA-PS-DVB was not positive with nmh);drln This confirmed that it did not
contain any free amino group:on-the structure‘LF‘cc‘gm,the IR and ninhydrin test results,
the successful preparation of sorbent was assured.

Table 4.1 Results of ninhydrin test

Sample Color of head Color of solution
Ninhydrin - yellow
TETA - dark blue
CHO-PS-DVB pale yellow yellow

TETA-PS-DVB pale yellow yellow
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4.2 Adsorption of Pb(I1) on the sorbent

for the attainment of

equilibrium tim coUs solution that must be

investigated. Beca " decreased when using the

g0 ion. The mass transfer of

Pb(I1) in solutig ' 2 using the ker for reaching the

and sorption (%) were

(2)

where 'T'~ = S the al amount of Pk n the solutio
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where C, is the initial concentration of Pb(l1) in the solution (mol L™)

C¢ is the residual concentration of Pb(ll) in the solution at

equilibrium (mol L™)
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Figure 4.2 Influence offsorption time of Ph(Il) on the sorbent [pH 4, 25 mg sorbent,
concentration of Ph(ll) =5 mg L, volumeipf Pb(I) solution = 5.00 mL (n=3)].

Figure 4.2 showed, the resmt of_the sorption amount of Pb(ll) as a
function of time. The sorption amount of Pb([ll)-.Was plotted versus sorption time. It is
instantaneously distinguished that the sorbfic?n of PB(Il) increased rapidly at the
beginning and decreased slowty until the steé:ciy}’jéfate was reached. However, Pb(ll)
sorption was not complete in a ‘short time. Thg sorption equilibrium was reached
within 60 minutes with approximate 80%70f Pb(ll) sorption on the sorbent and
increasing time after its equilibrium did not affect the quantitatively adsorbed Pb(Il).
Then 60 minutes was used for all subsequent experiments.

Kinetics of sorption from solution to sorbent is the considerable
parameter for informative. evaluation about the/'mechanism of sorption process. There
are several adsarption kinetics models that have been established to study. The most
widely used models for performing kinetics of sorption of heavy metal on many
sorbents are the pseudo-first-order‘and pseudo-secend-order rate [51-54],/hence the
experimental "Kinetics data were fitted with pseudo-first-order rate by Lagergren
equation and pseudo-second-order rate for determination of the value of rate constant

of Pb(I1) sorption using the following Equations 4 and 5, respectively.
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kit )

Iog(qe -0, )= IOg Q. —

2.303

(5)

where is i 10U f @ per gram of sorbent at

AutINENINGINS
WIRNIRANNNBAS -

(n=3)].

From Lagergren equation, log( g, —q, ) was plotted versus time. And

the logarithm function was defined that the number after l1og must be a positive
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value. After equilibrium g, is less than q,, therefore (g, —q,) < 0. Then, only

experimental data before equilibrium was considered.
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Figure 4.4 Pseudo-second-order sorption kinetics of Pb(ll) on the sorbent, [pH 4,
25 mg sorbent, concentration of Pb(ll) =5 mg _.L'l, volume of Pb(Il) solution = 5.00
mL (n=3)].

Figure 4.3 and Figure 4.4 presented that both pseudo-first-order rate
and pseudo-second-order rate exhibited good ﬁnearity. But/this mechanism was
presupposed {0 -be-chemisorption:in-chemisorptions process, the rate of reaction
depends on both .agtive sites on sorbent surface and sorbate-ions. Then, the pseudo-
second-order model should be more suitable than the pseudo-first-order one. The
pseudo-first-order result.might be as a result,that the sorbent has so many active sites
than thesamount "of Pb(ll)%in ‘saiution. The, Kinetics: depends-an“oenly the sorbent.

Consequently; better linearity from’pseudo-first-order-rate (R* >'0.98) was obtained.

The rate constant k., derived from the graph was to be,18425 g mol™ minit.

4.2.1.2 Selectivity of sorbent

The selectivity of sorbent for Pb(Il) adsorption in binary mixture
solution was assessed, even though Nutthanara et al. [21] studied the sorption of many

metal ions i.e. Pb(1l), Co(Il), Cr(I1), Cu(Il), Ni(Il), and Zn(ll) in single metal solution.
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Pb(I1) adsorption ability might be decreased due to the competition among metal ions

in mixture solution. The result is presented in Table 4.2.

Table 4.2 Amount of Pb(ll) adsorbed on the sorbent

Solution Sorption of Ph(I1) (uMmokg™)* Sorption of
competing ions
(umol g™)*
Pb(11) B.83+ Q.07 -

Pb(11) / Co(lt) 412+0.12 0.00 + 0.00
Pb(I1) / Cr(1 L) 4.19 J_{d.oe 4.10 +0.06
Pb(I1) / Cu(Il) 3.92 +,0.06 0.70 + 0.05
Pbh(11) / Ni(ll) 4.10 £0.00, 0.00 + 0.00
Pb(11) / Zn(11) 429 40,07 0.10 +0.07

*meantSD (n=3) -2 4

The result in Table.4.2 reveals that the same amount of Zn(ll), Ni(ll),
Cu(ll), Co(ll) and Cr(H1) with Pb(ll) did not Eonsiderably change the adsorption
ability towards Pa(H)=The Pb(H)-adsorpability increased stighily when the competing
metal ions were~present in the solution. It could be -explained according to
Le Chatelier’s Principle, when a dynamic equilibrium of the.system was disturbed by
changing the concentration, the equilibrium, position will shift in the way to
counteract the change. The binary mixture solutions had either higher.concentration of
ions. Then, "the "alteration” of ‘the System was " neutralized by “decreasing ions
concentration in consequence of inereasing sorption efficiency.

The strong affinity of Pb(I1) could be explained-by not only Hard Soft
Acid Base Principle (HSAB), but also the ionic radius of the ions [35, 36]. The metal
ions were categorized as Lewis acids. The metal ions and their ionic radius were

demonstrated in Table 4.3.
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Table 4.3 Categorization and ionic radius of the studied metal ions [55]

Hard Borderline

lonic radius (pm)
Cr(111) Co(ll) NI L) Cu(ln Zn(10) Pb(I1)

6 coordination 76 79 83 87 88 133

63(sq)

4 coordination
- {7 69 Tl 74 -

According 0 HSAB, RoNH could be classified as borderline-soft
Lewis base. Thergfore, /Cr(ll1) in single metal solution might not prefer to form
complex with amine group on the sorbenthas feported by Nutthanara et al. [21]. But
from the experiment data, Cr(l11) in binary milxt.qre solution could be adsorbed on the
sorbent. This abnormal phenomenon might.be déscribed that, at the pH 4 Cr(l11) was
hydrolyzed to [Cr(OH)]# [29]; and Cr(lll')‘l“c'bgld form bimetallic complexes with
amine-phenolate ligands [56] or quadridentéfe ai:‘hines [57] using a hydroxyl group
(u-OH) as a bridge between. two- Cr(il) ce‘nter,s.. From this supporting data, we
proposed that a.bimetallic complex based on Pb—(u-OH)—Cr might presumably form
on the sorbent surface. As a result, Cr(lll) in the binary solution could be retained on
the TETA-PS-DVB.

In addition to ionic radius, there are significant differences in ionic
radius between Pb(IT) @nd Co(ll), Ni(ll), Cu@l), and Zn(Il). From the experimental
result, it"suggests that the cavity site of the_sorbent should be suitable for the ionic
radius of‘Pb(Il).

4.2.1.3 Sorption capacity and adsorption isotherm

The sorption capacity of the sorbent for the retention and the
adsorption behavior of Pb(ll) on the sorbent were also investigated. The sorption
capacity is the significant factor that presented many quantitative amount of metal ion

adsorbed on the sorbent. The equilibrium experimental data under optimal sorption
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conditions were fitted with Langmuir, Freundlich, and Temkin models. The
Langmuir, Freundlich, and Temkin models are described by Equations 6, 7 and 8,
respectively [58-60].

(6)

where is.the resi concentration-of _Pb(Il) in the solution at

a \ am of sorbent (mol g'l)

\ sorbed per gram of sorbent

HANENINYINT
QuasiiaEl HsadiiE aj

Figure 4.5 Langmuir isotherm of Pb(Il) on the sorbent.
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log N, =log K—%IogC (7)

where C is the residual concentration of Pb(Il) in the solution at

equilibrium (m
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N, =ik, ~RTine @)
b b

where C is the residual, concentration of Pb(ll) in the solution at

mont of Ph(ll) gram of sorbent (mol g)
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Langmuir adsorption model is based on the assumption that the sorbent

has homogeneous active sites on the surface. Sorbates adsorb as monolayer on the
sorbent with constant energy and each binding site can occupy one metal ion. The



42

Langmuir constant (b) relates to the stability of sorbate-sorbent complex. The
maximum capacity ( N ) can calculate from the Langmuir equation.

Freundlich adsorption. model is based on the assumption that the
sorbent has heterogeneous surface energy. Sorbates can occupy as multilayer on the
sorbent with variations in heat of adsorption. .Fhe adsorption capacity (K) can
determine from the Freundlich equation. The" Freundlich constant (n) relates to
adsorption intensity which indicate to the degree of favorability of adsorption.

Temkin adserption model is based on the assumption that interaction
between sorbate~and serbent as a regult of linearly decreasing of the heat of
adsorption. The adsorption is characterized by a uniform distribution of binding
energies, up to some maximum binding é’hergy. The heat of adsorption (b) and

maximum binding energy . are coﬁéid_e_red from the Temkin equation

(K; = exp( Gy ).

From the results in Figure 45 i:igure 4.6 and Figure 4.7, only the
regression correlation goefficient (R?) fro_llc.]_-"n,— ,Lja}‘ngmuir adsorption isotherm was
obtained more than 0.99. But the unfavorable—fegfession correlation coefficients were
presented in Freundlich and-Temkin adsorption isotherms. It exposes that Ph(ll)
adsorption on the preparative sorbent obeyed Langmuir adsorption isotherm. It could
be assumed thai the surface has homogeneous active sites, Pb(ll) adsorbed as
monolayer on the sorbent and there are no other interactions for instance sorbent and
adsorbate interactions or interaction between adsorbate on contiguous sites [61]. The
calculated. maximum adsérption capacity and-Langmuir_constant were 4.04 umol g™
and 487 x10° L. mal™, respectively. The high value/of Langmuir constant
signifies“that Pb(Il1) was directly coordinated with the active site on the sorbent. The
comparison _of sorption _capacities.. of .TETA-PS-DVB, for_ Pb(Il)..with _ other
functionalized ' polystyrene-divinylbenzene 'sorbent was shown in Table 4.4. The
sorption capacity of TETA-PS-DVB was higher than that of PS-DVB containing

Alizarin Red-S and salicylic acid but lower than the others.



43

Table 4.4 Comparison of sorption capacities of TETA-PS-DVB for Pb(ll) with other
functionalized polystyrene-divinylbenzene sorbent.

Solid support Sorption capacity of
Pb(I1) (umol g%

TETA (this work) 4.04
purpurin [20] 82.7
diethyldithiocarbamate62] 31.1
0-aminobenzoic acid{63] 60.0

2-hydroxy-propiophenone-4-phenyl-3-thiosemicarbazone [64] 35.0
Alizarin Red-S [65] 1.5

salicylic acid [66] 2.2

4:2.2 Column method

In dynamic sorption process, the solution was passed through the
sorbent while the analyie«was continuously“extracted from the sample. It has many
strong points over-static_sorptionfor gxample, phase“separation step is not needed,
contact between the analyte ions and the sorbent in dynamic sorption is much better
than _static sorption, and the automation system is easily set [67]. Nevertheless, there
are some necessary requirements far dynamic sorption. The sorption mechanism must
have efficient kinetics in the short time. The sorbent must has high porosity for
reducing back pressure in the system. And the sorbent must has high capacity for

avoidance the breakthrough problem.
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4.2.2.1 Effect of flow rate

One of the significant parameters in the dynamic sorption process is

the flow rate of solution because the kinetics of mass transfer depends on the time. If

Thus, there is not enoug e sorbent and poor capability
of Pb(11) sorption may obtain.For t te was optimized. The effect
of flow rate was studied-by passing a 1L aliguot of 1 mg L™ Pb(Il) solution

only 32% sorption.
0.5 mL min™ was sgf

Due to the Io 'sorption e fi' ncy of Pb(Il) on the sorbent in the

hﬂ L*J‘

column method, the recirculation of sol ated for improvement of the

Pb(l1) sorption-{20]. One cycle means that a 25 mL “aliquo i - solution was passed
, 5-1"‘-?! in Figure 4.8. The

erof@es
ﬂum‘nﬂmwmm
a‘mmmm UNIINYIAY

through the colum
sorption percentaﬁof Pb
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Figure 4.8 Sorption percentage of Po(ll) in column method using recirculation of
solution [pH = 4, sarbentweight = 50 mg;cloncentration of Pb(ll) = 1 mg L sample
volume =25 mL (n=3)]. \

The restilt in Figure 4.8 iI|uét'rété'd visually a little increase of sorption
of Pb(Il). The sorption percentage depend'eti additionally on the number of cycles.
The solution was passed thtough-the columi ﬂﬁ 7 cycles. However, the sorption
efficiency was still low (<50%).. Fhe possible_feaf,bp of this phenomenon was the very
slow kinetics of, sorption (aécording to the kin-étics previously studied in section
4.2.1.1). The sorption did certainty not reach the equilibrium a' the column (observed
from Figure 4.8 -that the graph did not reach a plateau). & was verified that this
sorption process has very slow kinetics.

In order to _explore the capability of Pb(Il) sorption between the batch
and column“methads, ‘the comparison ‘of ‘the ability of Pb(I1)y sorption by the two
methods swas performed using the same conditions such as initial ‘cConcentration of
Pb(I1) solution, volume of the solution and sorption.time. The result was given in
Table 4.5, The experimental conditions were that the initial ‘concentration ‘of Pb(ll)
was 1 mg L, the sample volume was 25 mL, the resin weight was 25 mg and the
contact time was 25 hours.

By comparing the sorption percentage obtained from section 4.2.1.1
(sorption percentage ~ 80%:; using 5 mL of 5 mg L™) with the result presented in

Table 4.5 (~56%; 25 mL of 1 mg L™), the former was higher. Lower sorption
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percentage (~56%) might be due to the fact that larger sample volume (25 mL) was
used, resulting in lower possibility of sorbate-sorbent contact at the liquid-solid phase
interface. Therefore, enlargement of solution volume was the main cause of poor
sorption efficiency of Pb(Il).

The result in Table 4.5 shows that the sorption percentage in column
method was slightly higher than that of batch method, due to the fact that when the
sample flowed through the packed sorbent particles in‘the column, the solute Pb(ll)
had more possibility t0 contact-and re-contact another particles resulting in higher
possibility to formrcomplex with ligand moieties present on the sorbent surface.
However, time-consuming s the main d‘isadvantage for efficient sorption in column
method. Then, this finding suggests that the sorption in column method was not
recommended for stbseguent experiments and future application.

Table 4.5 Comparing ability of Ph(il) é{_)lrpfgi_on in batch and column methods
Influence of sorption time of Pb(ll oh ;thé sorbent [pH 4, 25 mg sorbent,
concentration of Pb(l1) =5 mg £ *, volume o?éP'b(!I) solution = 5.00 mL (n=3)].

Method ' Sorption (%)

Batch 56.64 + 1.59
Column 64.91 + 0.57

4.3 Desorption of Pb(l)

4.3.1 'Determination by, FAAS

The amount of Pb(Il) retained on the sorbent had to be stripped by
appropriate desorption solution before its determination. Many parameters which
affect desorption efficiency were investigated for completely eluting Pb(ll) from the

sorbent.
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4.3.1.1 Effect of type and concentration of desorption solutions

The retention mechanism between Pb(Il) and active sites on the

sorbent is the major factor for contemplation of the desorption solution. TETA was

functionalized on the sorbent Nro : e at the both ends. The other amino
group were act as donor 7 0 _ - (11). Then Pb(ll), the retention
mechanism between P and T , ) chelating mechanism. There are
many researches show. that & i0 ich 3 Oz, HCI could be completely

©)

where sorbent (mol)

the sorbent (mol)

Figure 4.9 Effect of type and concentration of desorption solutions [pH = 4, sorbent
weight = 25 mg, concentration of Pb(Il) =5 mg L™, volume of desorption solution =
5.00 mL (n=3)].
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The effect of type and concentration of desorption solution were
studied for complete elution of Pb(I1) from the sorbent. The result was given in

Figure 4.9, all of the desorption solutions could desorb Pb(Il) which
previously retained on the sorbent. But only 10% (v/v) HNOj3 could quantitatively
desorb Pb(Il) with more than 95% desorption..Then 10% (v/v) HNO3z was the most

suitable desorption solution and used for methodwalidation.

4.3.1.2 Eifect.of desorption time

Desopption gime is an-important parameter like sorption time. The
equilibrium time for _desogption ©f Pb(H) was examined using 10%(v/v) HNO; as
desorption solution. The'result of the deserption as a function of time was shown in
Figure 4.10. 1
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Figure 4410 Effect of desorption time [pH = 4, sorbent weight = 25 mg, concentration

of Pb(11) =5 mg L™, volume of desorption solution =5.00 mL (n=3)].

The desorption was plotted versus time. It is clearly observed that the
desorption of Pb(Il) was high at the beginning and approached rapidly the
equilibrium. The desorption of 102% (or 80% recovery calculated by taking the
sorption percentage of 78%) was obtained within 30 minutes and increasing time

provided similar results. Then 30 minutes was used for method validation.
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4.3.2 Determination by UV-vis

UV-vis is an attractive technique owing to its less operating cost and
non-destruction of sample solution. Saturated dithizone in surfactant solution was
used as desorption solution for stripping Ph(I1) from the sorbent in the desorption
step. It avoided not only using organic solvent, but also included desorption and

complexing formation steps Into one step.

4.3.2.4°Effegt of.concentration of surfactant

ThedUV-vis absorption spectra of Ph(ll)-dithizone complex were given
in Figure 4.11. :

ST A R Tt
::v - ;(g' 400 ,.s::f{'}“ *PblmgL-1
g ()1; ‘?\; I *Pb2mg L-1
IR T e Pb3mg L-1
g ey
2 0> - Pb 4 mg L-1
o N by Pb5mg L-1
‘ﬁm% "M:
-0.3 “"
b4

Wavelength (nm)

Figure 4.11 UV-visible spectra of Pb(Il)-dithizone complex at various Pb(ll)
concentrations.

Thesaturated" dithizone solution in acetate buffer was used as a blank
for subtraction of sample spectra, based on the assumption that the difference between
the amount oi dithizone in*Triton X=100 ‘solution ‘before and after elution step was
negligible. A significant peak was observed in the visible region and the wavelength
of the absorbance maxima at 515 nm was used for establishing a calibration curve.
Background correction was done by three-point (Morton-Stubbs) correction method.
The correction procedure was presented in Figure 4.12. A straight line is connected

between two valley base-line of the spectrum (A, and A3). The corrected absorbance
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(A.) is expressed by the height of the absorption peak at absorbance maxima (515 nm)
that corresponds to the absorbance scale (y-axis) or is equal to the addition of A; and
Ai. The calibration curve (Figure 4.13) was built by plotting A against concentrations
of standard Pb(ll) solutions. "

The maxi ntitatively with increasing the
: er—Lambert law. From the

t (R?) was more than 0.99. It

amount of complex (see
calibration curve in Figu

reveals that dithizor with Pb(Il) completely.

Then, this method#ec jbe sed /1 uantitati ing of Pb(Il) before its
determination by ) { \\\
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-0.4
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Figure 4.12
(Morton-Stubbs)Erection.
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Figure 4.13 Calibration curve of Pb(ll)-dithizone complex.
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The effect of concentration of surfactant is illustrated in Table 4.6. The
results showed that dithizone in 7% (v/v) Triton X-100 was more suitable than the
others. It gave the best desorption percentage and the lowest standard deviation (SD).
Higher concentration of Triton X-100 at 10% (v/v) was also evaluated for dithizone
dissolution, it was found that the amount of.dithizone dissolved in the surfactant
solution was similar to that obtained by 7% (w/AZ)-Friton X-100 (data not shown).

Higherconeentration Of Triton X=100"enhanced the solubility of
dithizone. Then, the least selubuity of dithizone was acquired in 3% (v/v) Triton X-
100 (Table 4.6)..Fhe desorption percentage (~118%) using dithizone in 3% (v/v)
Triton X-100 that was mueh maore than I100%, might due to the largest difference in
blank absorbance and¢Pb(I)-dithizone absorbance. The higher the concentration of
Triton X-100, the'Closer to 100%-the desorption percentage. Thus, dithizone in
7% (v/v) Triton X-100 in agetate buffer“:.‘(plil-‘ 5.5) was a suitable eluent for Pb(II)

desorption and UV=vis determination.

Table 4.6 Effect of Triton X-100 concehtfation for stripping of Pb(ll) from the
sorbent [pH 4, 25 mg sorbent, concentration 5mg‘f;1 Pb(11) (n=3)]

Concentration of Rétio of dissolved" Desorption (%)*  Recovery (%)*
Triton X-100; %-{vivi)——diifiizone-anc-LocH) :

3 | 22.82 118.86 +4.79 86.40 + 1.86
5 29.45 114.90 + 3.35 85.62 + 0.99
7 34.68 103.73 +2.29 84.44 + 0.51

*meanzSD (n=3)
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4.4 Method validation

We attempted to demn trate the performance of TETA-PS-DVB for
extraction of Pb(Il) from hlgh

stabilized waste was selec due to high concentration of
metal ions (see Table 4 --r-..,,_ |ty of thi investigated using leachate

from cement-based siabilized te spiked \w validation results were

expressed in terms oOf rece " FO . and UV-vis determination.
Recovery (%) wa etl/on ‘ veries of the extraction

of Pb(11) in the leaghate sample and r, .‘

-\

mple. Leachate from cement-based

able 4.8.

(10)
where
bed from the sorbent (mg)
Table 4.7 'f‘:*"""‘f'ﬁ"::*:“‘ﬁ"*.:“"":‘:“"ﬂ |tat|ve analysis by
ICP-OES &7 Ny

T

Concentration of interfering ions (mg L™)

solutiof g, .

eachate sample
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Table 4.8 Recovery of Pb(ll) in the leachate sample.

FAAS UV-vis
Sorbent (mg)
Recovery (%)  RSD (%) . Recovery (%) RSD (%)
25 £5.43 ) 327 65.67 3.37
50 79:01 22 79.59 2.71
75 82.29 219 83.42 2.58

The gapahilityfof Pb(11) so;rpjtion onto 25 mg of TETA-PS-DVB was
significantly different in two mediums (delonized water in section 4.2.1 and leachate).
That meant that high concentration.of mai‘!n interfering ions in the leachate i.e. Ca*",
Mg?*, K*, and Na" affected the capability of the Sorbent.

The result in Table 4.8 showed that increasing the dose of sorbent
could improve the recovery ofi Ph(ih). 75 mg of sorbent was adequate for extraction of
Pb(I1) due to satisfactory criteria for accuracy(% recovery) and precision (% RSD)
[70] for both FAAS and UV-vis determinatino.nf =-I;rTc‘rerasing sorhent dose may possibly
increase the recovery:

The blank extraction was done using the simtlar conditions (which
were 25 mg of sorbent, 1 hour extraction time and 10% (v/v) HNO3 as eluent and 30
minute desorption) in order to evaluate the effect of interfering ions that might
interfere_or be extracted by TETA*PS:DVB=The concentration-of the“interfering ions
presented in the deserption solution'was determined by-ICP-OES! The result is shown
in Table 4.7. It was seen that the interfering ions were not removed from.the leachate
by.the extraction, using TETA=PS-DVB. The separation‘of Ph(ll) from‘iheir matrices
has significant advantage to extend the use of the instrument-and low mainténance
cost. Because matrices may cause clogging in nebulizing or tubing systems or
contamination in atomizer, the sample should be cleaned up before determination.

Moreover, some element matrices which form thermally stable oxide are reason of
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burner contamination and clogging. And they might cause unstable flow rate of fuel

and oxidant gas resulting in fluctuation in measuring signals.

45 Reuse of sorbent

The reus ﬁu.-u_ e sor entased for Pb(11) desorption by

FAAS and UV-vis determinail . was mve%iabi"ty of Pb(ll) sorption
decreased to 2 and 6 0 / \ -AAS and UV-vis, respectively. The
decline of sorption effigi ests| t ; active of the sorbent might

probably be destre > | Opose that in case of

54 by the orp on ‘
10% (v/v) HNOs3 used in FAAS \.

\ \ esorpt|on solution might
DV/B. For saturated dithizone in

break the imine bonds (C=N .‘

..a.u

Triton X-100 desorption selution used. in UV-vis ¢ ‘-\,,s Pb(11) could be eluted
by dithizone solution accol % -

dithizone complex. he dlrlg..p% of’
condition. Additionally, nitrogen .. : A-PS

d \ mation constant of Pb(ll)-
1t not be interrupted in mild
DVB might be protonated in
presence of acetate buffer (p 5T ‘ ome of the active sites were changed

- -

to inactive, resulting in decrease o 1 process. Therefore, the sorbent

could be used.onty onc
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CHAPTER V

CONCLUSION

In sorbent_preparation S-Eep, CI-PS-DVB sorbent was oxidized with
sodium hydrogen carbonate in DMSQO. The pale yellow bead was obtained and
labeled as CHO-PS-D\B. Afterwards, CHO-PS-DVB was chemically bonded with
TETA and the product was called TETA-PS-DVB. ATR-FTIR analysis suggested that
the expected products'were successfutty pfe’f.)ared. The products of each step were not
positive with ninhydrin test indicating thq-l_f no free primary amine was presented on
the TETA-PS-DV/B slirfage. .

The optimal® conditions ha\ke been studied in batch and column

methods. In batch method, the sorption‘f“!qf_i Pb(llI) reached steady state within
60 minutes with approximate extraction percenfggﬂe of 80%. The kinetics of sorption
fitted pseudo-first-order model and pseuﬁé‘ésé;:ond-order model. However, the
proposed sorption process pointed to that th'e"!.béerjdd-second-order was more suitable
than the pseudo-first-order. It was found that the preparative.sorbent provided high
selectivity for=Rb(ll) extraction. Under optimal conditions in batch method, the
equilibrium experimental data were fitted with the isotherm of Langmuir, Freundlich,
and Temkin models. Only Langmuir adsorption isotherm exhibited a good linearity.
The maximum sorption.capacity and Langmuir gonstant,correspended. with a value of
4.04 pmol gt.and 4.37 ¢ 10° Limol™, respectively. The sorption capacity is higher
than some'PS-DVB-based sorbents [65, 66].

In eolumnmethad, althoughythe, selutionywas rpassed-through the
column at the lowest flow rate, itiwas not efficient enough' of Pb(I1) sorption. Then,
the recirculation of solution was carried out for improvement of the Pb(ll) sorption.
However, the sorption did certainly not reach equilibrium hence the sorption in
column method was not recommended for the adsorption, desorption and method

validation experiments.
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The desorption study in batch method and Pb(Il) determination step
was divided into two techniques, i.e. FAAS and UV-vis. For the determination by
FAAS, 10% (v/v) HNO3; was the suitable desorption solution which stripped Pb(ll)
with more than 95% desorption within 30 minutes. And for the determination by

uracy (82.29 and 83.42 %
recovery for determw ' ively) and good precision
(2.19 and 2.58 % ti ‘ -vis, respectively) which

meet satisfactory

- r(111) on the sorbent in
be done by varying the
ratio of Pb(ll) 1) in'bi ixture solution or changing

be hydrolyzed and formed

for preconcentration of Pb(lI).

This metroﬂlould be applied f({gther waste samples.

ﬂUEJ’JW&JWﬁWﬂ”]ﬂ‘i
ammnmumwmaa



[1]

[2]

[3]

[4]

[5]

[6]

[7]

8]

REFERENCES

Lead Metal (Lead : The Wersatile. Metal). [Online]. Awvailable from:
http://www.lead-battery-recycling.com/lead-metal.html [2011, 11 April]

The Toxicity Of Lead. [Oniine]. Available from:
http://www.macslab.com/to;ic.html {2011, 11 April]

Baysal, A.; AkmangS. and Calisir, F. A novel slurry sampling analysis of lead
in different@®water, samplos by electrothermal atomic absorption
spectrometry after coprecipitated with cobalt/pyrrolidine dithiocarbamate
complex,Jourpal of Hazardous Materials, 158 (2008): 454-459.

Takahashi#A.; Ueki, . and Igarasrﬁ, S. Homogeneous liquid-liquid extraction
of uranium(\l) from acetate a?‘quéous solution, Analytica Chimica Acta,
387 (1999)#71-75.-4

Farajzadeh, MiA.; Bahram, M.; Zonta' S and Mehr, B.G. Optimization and

application of homogeneous Ilqu1d—l|,qwd extraction in preconcentration
of copper(ll) in a terpary solventTy‘ tem Journal of Hazardous Materials,
161 (2009); 1535-1543. T

Lee, J.Y.5 Rajesh Kumar, J.; Kim, J.-S.; Park, H.-K-and.Yoon, H.-S. Liquid-

liquid extraction/separation of platinum(1\V/) and rhedium(l11) from acidic

chloride solutions using  tri-iso-octylamine, - Journal of Hazardous
Materials, 168 (2009): 424-429.

Parus, A.; Wieszczycka,-K .and-Olszanowski; A, Salvent-extraction of iron(l11)

from chloride solutions in the presence of copper(ll) and zinc(Il) using
hydrophobic pyridyl ketoximes, Separation Science and Technology, 46
(2611)#87=93.

Dapaahy A.R.K:; Takano, N¢ and*Ayame, A. Solvent extraction of Pb(ll) from

acid medium with zinc hexamamethylenedithiocarbamate followed by
back-extraction and subsequent determination by FAAS, Analytica
Chimica Acta, 386 (1999): 281-286.



http://www.lead-battery-recycling.com/lead-metal.html
http://www.macslab.com/toxic.html

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

58

Najafi, N.M.; Eidizadeh, M.; Seidi, S.; Ghasemi, E. and Alizadeh, R.
Developing electrodeposition techniques for preconcentration of ultra-
traces of Ni, Cr and Pb prior to arc-atomic emission spectrometry
determination, Microchemical Journal, 93 (2009): 159-163.

Yeh, H.M. and Chen, Y.K. Membrane exiraction through cross-flow rectangular
modules, Journal of Membrane Science; 170 (2000): 235-242.

Sahoo, G.C.; Dutta, N:N. and Dass,;” NeN. Liguid membrane extraction of

Cephalosporin-C from fermientation pbroth, Journal of Membrane Science,
157 (1999): 251261«
SlaveykovayV.1.; Parthasarathy, N.; Buffle, J. and Wilkinson, K.J. Permeation

l
liquid imembrane /as a tool for monitoring bioavailable Pb in natural
waters, Sciéncelof The Total Environment, 328 (2004): 55-68.
Zaporozhets; O.A and Tsyukalo, L.Y. Xylenol orange adsorbed on silica

surface as a solid phase reag'tjent" for lead determination using diffuse
reflectance spectroscopy, Talah_tjé__,SE}_(2002): 861-868.
Gurgel, L.V.Asand Gil, L.F. Adsarption of Cu(ll), Cd(ll) and Pb(ll) from

ol ol
aqueous single .metal solutions by succinylated twice-mercerized
e

sugarcane bagasse-—functionalized with triethylenetetramine, Water
Research, 43 (2009):4479-4488. /=

Monser, .kt and Adhoum, N. Modified activated carbon for the removal of

coppef, zinc, chromium and cyanide from wastewater, Separation and
Purification Technology, 26 (2002): 137-146.
Zhang, L.; Chang, X.J.; Li, Z.H. and He, Q. Selective solid-phase extraction

using oxidized activated carbon modified with triethylenetetramine for
preconcentration of metal ions,’ Journal™of Molecular: Structure, 964
(2010): 58-62.

Ezoddin, M.; Shemirani, F., Abdi, K.; Saghezchi, M.K. and Jamali, M.R.

Application of modified nano-alumina as.a solid phase extraction sorbent

for the preconcentration of Cd and Pb in water and herbal samples prior to
flame atomic absorption spectrometry determination, Journal of
Hazardous Materials, 178 (2010): 900-905.




[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

59

Mesquita, R.B.R.; Fernandes, S.M.V. and Rangel, A. A flow system for the
spectrophotometric determination of lead in different types of waters
using ion-exchange for pre-concentration and elimination of interferences,
Talanta, 62 (2004): 395-401.

Lemos, V.A. and Baliza, P.X. Amberlite XAD-2 functionalized with 2-
aminothiophenol as a new sorbent.for on-line preconcentration of
cadmium and copper, Talanta, 67(2005): 564-570.

Wongkaew, M.; Tmyim, A. and éamchan, P. Extraction of heavy metal ions

from leachate«0f+ cement-based stabilized  waste using purpurin
functienalizederesin, Journal of Hazardous Materials, 154 (2008): 739-
747, I‘

Nutthanara, P.; Ngeontag, W; Imyiin’-A. and Thanapong, K. Cyclic dithia/diaza

with dual sehiff base Ilnkage‘functlonallzed polymers for heavy metal
adsorption, Journal of Applled polvmer science, 116 (2010): 801-809.

Marczenko, Z., Sgparation and Spectrophotometrlc Determination of Elements.
Chichester: Ellis Horwood leltegi 1986.

Skoog, D.A.; West, D.M.; Holler, Fq and Crouch, S.R., Fundamentals of
Analytical Chemistiy, ed Elghth;éallfornla Brooks/Cole, 2004.

Simpson, N.J.K., Seolid - Phase Extraction: Principles, Techniques, and

lelcatlon New York: Marcel Dekker, 2000.

Poole, C.F.; Gunatilleka, A.D. and Sethuraman, R. Contrlbutlons of theory to
method  development In  solid-phase  extraction, Journal  of
Chromatography A, 885 (2000): 17-39.

Camel, V. Solid phase extraction of trace elements, Spectrochim. Acta, Part B,
58 (2003): 1177-1233.

Sewell, P.A. and Clarke, B., Chromatographic Separation. Singapore: John
Wiley & Sons, 1991,

Carsony, M.C. lon-pair selid-phase extraction, Journal of Chromatography A,
885 (2000): 343-350.

Woulfsberg, G., Principle of Descriptive Inorganic Chemistry. California: A
Dividion of Wadsworth, 1987.




[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

[38]

[39]

[40]

60

Huheey, J.E.; Keiter, E.A. and Keiter, R.L., Inorganic Chemistry: Principles of

Structure and Reactivity, ed. Fourth. New York: Harper Collins College,
1993.

Leon-Gonzalez, M.E. and Perez-Arribas, L.V. Chemically modified polymeric

sorbents for sample preconcentration, Journal of Chromatography A, 902
(2000): 3-16.
Koch, R., Annual Book of ASTM Standards; Part 31: Water. Philadelphia:

American Society for Testin'é and-Materials, 1982.

Methods for Chemical?Analysis of \Water and Wasties. [Online]. Available from:

http://waww. uga-edu/sisbl/epaman9.html {2011, 28 March]

l
Ingle, J.D.J. and Crouchy S:R., Spectrochemical Analysis. New Jersey: Prentice-

J

Hall Interpational  1988. o

Balzani, VV.sand Scandola, F.; Supramolecular Photochemistry. West Sussex:
Ellis HonWood Limited, 1991
Lindoy, L.F., The chemistry. of mé}i_rpcyclic ligand complexes. New York:

Cambridge University, 1989, " .= |

Li, L.; Hu, B.; Xia, L. and-Jiang, Z‘.!.TJSjga:teerination of trace Cd and Pb in
environmental and bidlogical saéﬁlééf by ETV-ICP-MS after single-drop
microextraction; Talanta, 70 (2006):—2168—473.

Fan, Z. Determination of antimony(lll) and total antimony by single-drop

micrfoéxtraction combined with electrothermal / atomic absorption
spectrometry, Analytica Chimica Acta, 585 (2007): 300-304.
Pena, F.; Lavilla, 1. and Bendicho, C. Immersed single-drop microextraction

interfaced with sequential injection‘analysis for determination of Cr(VI) in

natural™ ‘waters = by “electrathermal-atomic absorption spectrometry,

Spectrochimica Acta Part B: Atomic Spectroscopy, 63 (2008): 498-503.
Fan, Z..and Zhou, W, Dithizane-chloroform single drop microextraction system

combined with electrothermal atomic abserption spectrometry using Ir as
permanent modifier for the determination of Cd in water and biological
samples, Spectrochimica Acta Part B: Atomic Spectroscopy, 61 (2006):
870-874.



http://www.uga.edu/sisbl/epaman9.html

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

61

Wei, G.-T.; Yang, Z. and Chen, C.-J. Room temperature ionic liquid as a novel
medium for liquid/liquid extraction of metal ions, Analytica Chimica
Acta, 488 (2003): 183-192.

Martinis, E.M.; Olsina, R.A.; Altamirano, J.C. and Wuilloud, R.G. Sensitive

determination of cadmium in water samples by room temperature ionic

liquid-based preconcentration .and electrothermal atomic absorption
spectrometry, Analytica Chimica Acta, 628 (2008): 41-48.

Yoon, S.J., et al. Extraction of lahthanide ions from aqueous solution by bis(2-
ethylhexyl)phosphoric acid with reom-temperature ionic liquids, Journal
of Industrial and Engineering Chemistry, 16 (2010): 350-354.

Manzoori, J k5 Amjadi; M. and )Abulhassani, J. Ultra-trace determination of

lead In water and food samp'leé-' by using ionic liquid-based single drop
microextraction-electrothermalf‘atomic absorption spectrometry, Analytica
Chimica Acta 644 (2009, 48%62.

Zaporozhets, O.; Petruniock; N. andr_jéy__kh_an, J. Determination of Ag(l), Hg(ll)

and Pb(l11) by using silica gel lq‘éged with dithizone and zinc dithizonate,
Talanta, 50 (1099); 865873, %

Mahmoud, M.E.; Osmar M.M.; Hafei";fé!.]’:.; Hegazi, A.H. and Elmelegy, E.
Removal and preconcentration of”l‘éad-(“) and other heavy metals from

water by alumina adsorbents developed by surface-adsorbed-dithizone,
Desalination, 251 (2010): 123-130.
Paradkar, R.P. and Williams, R.R. Micellar colorimetric determination of
dithizone metal-chelates, Analytical Chemistry, 66 (1994): 2752-2756.
Akl, M.A. An improved colorimetric determination of lead(ll) in the presence
of nonionic surfactant,”/Analytical Sciences, 22 (2006): 1227-1231.
Hageman, P.L.; Briggs, P.H.; Desborough, G.A.; Lamothe, P.J. and

Theodorakos, P.J. Synthetic _precipitation _leaching procedure. (SPLP)

leachate chemistry.data for solid minewaste composite samples from

southwestern new mexico, and leadville, colorado. [Online]. Available
from: http://pubs.usgs.gov/0f/2000/0033/pdf/0f00-33_508.pdf [2010, 23
December]



http://pubs.usgs.gov/of/2000/0033/pdf/of00-33_508.pdf

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

62

Wade, L.G.J., Organic Chemistry, ed. sixth. the United States of America:

Pearson Education, 2006.

Bulut, Y. and Tez, Z. Removal of heavy metals from aqueous solution by
sawdust adsorption, Journal of Environmental Sciences, 19 (2007): 160-
166.

Adebowale, K.O.; Unuabonah, E:s and .Olu-Owolabi, B.l. Kinetic and
thermodynamic aspects of the ‘adsefption.of Pb** and Cd** ions on

tripolyphosphate-maodified kaolinite clay, Chemical Engineering Journal,
136 (2008): 99-207.

Guzel, F.; Yakut, H: and Topal, G. Determination of kinetic and equilibrium
parameiers ofsthesbatch adsérption of Mn(I1), Co(l1), Ni(ll) and Cu(ll)

from aqueous gSolution® by black carrot (Daucus carota L.) residues,
Journal of Hazardous Materials; 153 (2008): 1275-1287.
Kalmykova, Y Stromyvall, A=M. and Steenari; B.-M. Adsorption of Cd, Cu,

Ni, Pb" and™Zn® on Sphagnur?l__,p@at from solutions with low metal
concentrations, Journal of Hazardous Materials, 152 (2008): 885-891.
all o il

Cotton, F.A.; Wilkinson, G.; Muritlo, €C.A. and Bochmann, M., Advanced
@ 7!1._1
Inorganic chemisiry, 6™ ed. New York: John Wiley & Sons, 1993.

Dean, R.K,, et al. Structure and magnétiébehaviour of mono- and bimetallic
chromium(iii) complexes of amine-bis(phenolate) ligands, Dalton
Transa{ctions 39 (2010): 548-5509.

Massoud, S.; Chun, H. and Bernal, I. Chromium(lll) Complexes with
Quadridentate  Amines. Crystal Structure of [cis-f-Cr(trien)(C204)]
CI22H,O" (h™ and [Cry(u-OH)(u-tren),] Brge2H,O (I1), Journal of
Coordination.Chemistry, 55 (2002): 619 - 626.

Langmuir, 1. The constitution and fundamental properties of solids and liquids.
Part 1._Solids, Journal. of the American. Chemical .Society, 38, (1916):
2221-2295.

Duddridge, J.E. and Wainwright, M. Heavy metals in river sediments-

calculation of metal adsorption maxima using Langmuir and Freundlich
isotherms, Environmental Pollution Series B, Chemical and Physical, 2
(1981): 387-397.




[60]
[61]

[62]

[63]

[64]

[65]

[66]

[67]

63

Kolasniski, K.W., Surface Science. Chister: Wiley, 2001.
Masel, R.1., Principles of adsorption and reaction on solid surfaces. New York:
John Wiley & Sons, 1996.

Bulut, V.N., et al. A multi-element solid-phase extraction method for trace

metals determination in environmental samples on Amberlite XAD-2000,
Journal of Hazardous Materials, 146(2007): 155-163.
Cekic, S.D.; Filik, H.-and Apak, R.=Use_of an o-aminobenzoic acid-

functionalized  XAD-4 copolymer resin for the separation and
preconcentration ofsheavy metal(ll) ions, Analytica Chimica Acta, 505
(2004)#15-24,

Veni, S.S.; Rao, M.M.; Rao, G.P.é. and Seshaiah, K. Solid phase extraction of

trace metal§ from environmental samples using Amberlite XAD-7 loaded
with 2-hydraxy-propiophenone-4-phenyl-3-thiosemicarbazone  and
determination: hy inductivély coupled  plasma-atomic  emission

spectrometry, Toxicological ah‘o!‘ Environmental Chemistry, 89 (2007):
455-464. )

Saxena, R.; Singh, A.K. and Sambi,_l,_-SES,.jn‘Synthesis of a chelating polymer
matrix by immobHiziag AIizarié;Ré"éi-S on Amberlite XAD-2 and its
application to the-preconcentration of fead(Il), cadmium(ll), zinc(ll) and
nickel(I1), Analytica Chimica Acta, 295 (1994): 199-204.

Saxena, \R4 Singh, A.K. and Rathore, D.P.S. Salicylic/ acid functionalized

polystyrene sorbent amberlite XAD-2. Synthesis and applications as a
preconcentrator in the determination of zinc(ll) and Lead(ll) by using
atomic absorption spectrometry, The Analyst, 120 (1995): 403-405.

Ruthven,. D-M., Principles™ of [adsorption ' & “adsorption processes.[online].
Toranto: John  Wiley & Sons, 1984  Available from:
http://books.google.com/books?id=u7wg21njR3UC&pg=PA86&Ipg=PA8
6&dqg=requirement+fort+dynamictsorption&source=hl&ots=w9So0sGjw
X&sig=Z1VXK8ubyeiUlIFbtU2nrEnMXx-M&hl=en&ei=mGCUTag-
OYubtwfhleSRDA&sa=X&oi=book_result&ct=result&resnum=1&ved=0
CBQQ6AEWADgK#v=onepage&qg=requirement%20for%20dynamic%20
sorption&f=false [2011, 31 March].



http://books.google.com/books?id=u7wq21njR3UC&pg=PA86&lpg=PA86&dq=requirement+for+dynamic+sorption&source=bl&ots=w9SoOsGjwX&sig=ZIVXK8ubyeiUlFbtU2nrEnMXx-M&hl=en&ei=mGCUTaq-OYubtwfhleSRDA&sa=X&oi=book_result&ct=result&resnum=1&ved=0CBQQ6AEwADgK#v=onepage&q=requirement%20for%20dynamic%20sorption&f=false
http://books.google.com/books?id=u7wq21njR3UC&pg=PA86&lpg=PA86&dq=requirement+for+dynamic+sorption&source=bl&ots=w9SoOsGjwX&sig=ZIVXK8ubyeiUlFbtU2nrEnMXx-M&hl=en&ei=mGCUTaq-OYubtwfhleSRDA&sa=X&oi=book_result&ct=result&resnum=1&ved=0CBQQ6AEwADgK#v=onepage&q=requirement%20for%20dynamic%20sorption&f=false
http://books.google.com/books?id=u7wq21njR3UC&pg=PA86&lpg=PA86&dq=requirement+for+dynamic+sorption&source=bl&ots=w9SoOsGjwX&sig=ZIVXK8ubyeiUlFbtU2nrEnMXx-M&hl=en&ei=mGCUTaq-OYubtwfhleSRDA&sa=X&oi=book_result&ct=result&resnum=1&ved=0CBQQ6AEwADgK#v=onepage&q=requirement%20for%20dynamic%20sorption&f=false
http://books.google.com/books?id=u7wq21njR3UC&pg=PA86&lpg=PA86&dq=requirement+for+dynamic+sorption&source=bl&ots=w9SoOsGjwX&sig=ZIVXK8ubyeiUlFbtU2nrEnMXx-M&hl=en&ei=mGCUTaq-OYubtwfhleSRDA&sa=X&oi=book_result&ct=result&resnum=1&ved=0CBQQ6AEwADgK#v=onepage&q=requirement%20for%20dynamic%20sorption&f=false
http://books.google.com/books?id=u7wq21njR3UC&pg=PA86&lpg=PA86&dq=requirement+for+dynamic+sorption&source=bl&ots=w9SoOsGjwX&sig=ZIVXK8ubyeiUlFbtU2nrEnMXx-M&hl=en&ei=mGCUTaq-OYubtwfhleSRDA&sa=X&oi=book_result&ct=result&resnum=1&ved=0CBQQ6AEwADgK#v=onepage&q=requirement%20for%20dynamic%20sorption&f=false
http://books.google.com/books?id=u7wq21njR3UC&pg=PA86&lpg=PA86&dq=requirement+for+dynamic+sorption&source=bl&ots=w9SoOsGjwX&sig=ZIVXK8ubyeiUlFbtU2nrEnMXx-M&hl=en&ei=mGCUTaq-OYubtwfhleSRDA&sa=X&oi=book_result&ct=result&resnum=1&ved=0CBQQ6AEwADgK#v=onepage&q=requirement%20for%20dynamic%20sorption&f=false

[68] Gao,

[69] Cui,

[70] Huber, L., Valida

64

R., et al. Chemically modified activated carbon with 1-
acylthiosemicarbazide for selective solid-phase extraction and
preconcentration of trace Cu(ll), Hg(ll) and Pb(Il) from water samples,
Journal of Hazardous Materials, 172 (2009): 324-329.

Y., et al Che /o imodified silica gel with p-
dimethylamino yde € e solid-phase extraction and
preconcentration of Cr(11l), ﬁ(u) and Zn(11) by ICP-OES,
Microchemical \ 2007)

al laboratories. lllinois:

Interphi

ﬂUEJ’J‘VIEWIﬁWEJ’]ﬂi
QWWNT’I‘J‘@UNWTN]H’]QH



65

VITA

Miss Nuttigar Ngamkitpinyo was born on the 6™ of March 1986 in Bangkok,

Thailand. She has got the '.'"".L i‘ rom the Development and Promotion of

Science and Technologyr 'x; ' Pro e } since 2005. She received her
Bachelor’s degree of Scien hu:"‘“ n ( hula ongkor University in 2009 with second
class honor. Then, s g inu' " the : study in the Department of
Chemistry, Faculty-of 'Scie ulalong d has become a member
of Environmental Analysis )/ h Unit \\‘\*u\:}\ postgraduate study with
the Master degree 40 'j epce’ fin 2011 LN anent address is 1086/23
KrungKasem Rd., hido g 7 7“ A- gk 0100 and her E-mail is
nnuttigar@hotmaik€om y | ‘ N

ﬂ'lJEJ’JVIEJW]iWEﬂﬂi
Q‘quﬂ‘iﬁu UNIINYAY



	Cover (Thai)
	Cover (English)
	Accepted
	Abstract (Thai)
	Abstract (English)
	Acknowledgements
	Contents
	Chapter I  INTRODUCTION
	1.1 Statement of the problem
	1.2 Objective and scope of this research
	1.3 Benefit of this research

	Chapter II  THEORY AND LITERATURE REVIEW
	2.1 Metal ions extraction
	2.2 Solid phase extraction
	2.3 Solid sorbent in SPE
	2.4 Lead
	2.5 Host-guest approach in metal-ligand complex
	2.6 Literature review

	Chapter III  EXPERIMENTAL
	3.1 Apparatus
	3.2 Chemicals
	3.3 Preparation of solutions
	3.4 Preparation and characterization of sorbent
	3.5 Preparation of leachate
	3.6 Adsorption of Pb(II) on the sorbent
	3.7 Desorption of Pb(II)
	3.8 Method validation
	3.9 Reuse of sorbent

	Chapter IV  RESULTS AND DISCUSSION
	4.1 Characterization of the sorbent
	4.2 Adsorption of Pb(II) on the sorbent
	4.3 Desorption of Pb(II)
	4.4 Method validation
	4.5 Reuse of sorbent

	Chapter V  CONCLUSION
	Suggestions for future work

	References
	Vita

