
SEP ARA TION OF METAL IONS (COPPER AND CHROMIUM) USING POL Y 

(HYDROXAMIC ACID) CHELA TING RESIN 

UMAR HARRIS B. KARIS 

DISSERTATION SUBMITTED AS PARTIAL FULFILLMENT FOR THE 

DEGREE OF BACHELOR OF SCIENCE WITH HONOUR IN INDUSTRIAL 

CHEMISTRY 

INDUSTRIAL CHEMISTRY PROGRAMME 

SCHOOL OF SCIENCE AND TECHNOLOGY 

UNIVERSITI MALAYSIA SABAH 

MARCH 2005 

UMS 
UNIVERSITI MALAYSIA SABAH 



PUMS 99:1 
UNIVERSITI MALAYSIA SABAH 

' . BORANG PENGESAHAN STATUS TESIS@ 

SUD U L:--=5:...::.e+-J8.:.:-.~()\io.:.....:J· !.:..-l\L--=o~t_C0~etq--,",I_'·-=-O()-,-? _ ( (-10 rr+f_Y"_ V1 ....;Y1 ~.:.:.-.' ~(\t)~~()(YI::......-=..i ~f'<\'-:')L-' '_Vl~~:"""")(:-d-~_ 

I () 
UlClld) lhq\~(\~ VQSl () 

Tj;12;a h : __ y{.:...::\~{Y\..:....i"'~....:.\:..;.:nd::...:\JI--.:').:.:..\Y_i __________________ _ 

SK<;[ PENGAJIAN: '20021200 j 

I Saya Uf1'\A~ \\A~~\) \) 'r<.f\~\) . 

I 
(HURUF BESAR) 

mcnga:-:u mcmbecarkan tcsis (LPSlSarjmaJDo~or Falsafab) 4 ini disimpan di Pcrpustakaan Univc..r-siu 

I Malaysia Sabah dc:ng'p n syarat-syarat kcgunaan scpcrti berikut: 

I!. Tesis adalah ha~lik ~~vcrsi~i MalaysiaSabah. 
12. Pcrpustakaan Universiti Malaysia Sabah dibcnarkan mernbuat saUnan untuk tujuan pcng1.jian sahaja. 

1

3. ~crpu.st:ak.aan dibcnaroc mcmbuat salirun tesis ini scbagai balun pcrtu1caran antara institusi pccgajian 

tmggl. 
~ . "Sila undakan ( / ) 

(Mengandungi malclumat yang berdatjah k=lamatar:. atau 

SULIT kcpcnti!lgan Malaysia scperti yang tcrmaktub di dalarn 
AKTA:R.t\liSlA RASMI t972) 

TERJ1AD (M::ngandungi maldumat TERHAD yang tclah dicentukan 
olch organisasilbad..ac di maoa penyclidihn dijalankan) 

/ TIDAK TERHAD 
Oiiahkan ol::h 

(TANDA TANGAN PENUUS) (TA~1)ATANGAN PUSTAK.AWAN) 

Alarruc Tc c~r : 6 {, JLC'-' (.,3 
-m.tn:) rJ (\'1& [;I)LJtr11 5310l> Ov ~ L""ffi',1 ~Cihl'\1 M \ 

Nama Penyc\ia 

Ta~kh :.---'?~J+-J~-3-1-/-0....:::5'~--- Tarikh: __________ _ 

CAT A T A.N: «Potong yang lidak bcrl.:cn:un . 
•• Jika Icsis ini SULIT alau TERHAD, sila lampirhn :rura! daripada pih<lk bcrlcua.c;a/organislSi 

hcrkcnaan dcngan mcnyatakan selcaJi scbab dan tcmpoh Icsis ini pcrlu dikelaskan sebagai SULIT 
dan TERHAD. 

@ Tcsis dimaksudkM scbagai lcsis bagi Iju.ah Doktor Falsz!<ih dan Sarjana = pcnyelidibn , ~~3U 
d iscrtasi ba~ pcncajilln sccan kcrja kursus dan pcnyclidikul, alau Laporan Projck SaIjana Muda 
(LPSM). -

UMS 
UNIVERSITI MALAYSIA SABAH 



11 

DEC LARA TION 

I declare that this is my own work with the exception of all short foons which sources 

for each of them are mentioned. 

31 March 2005 

> 

UMAR HARRIS B. KARIS 

HS2002-3778 

UMS 
UNIVERSITI MALAYSIA SABAH 



111 

VERIFICATION 

Signature 

1. SUPERVISOR 

(DR. MD LUTFOR RAHMAN) 

2. EXAMINER 1 

(MR. MOH PAl( Y AN) 

3. EXAMINER 2 

(pROF. MADY A DR. MARCUS JOPONY) 

4. DEAN 

(pROF. MADY A DR. AMRAN AHMED) 

UMS 
UNIVERSITI MALAYSIA SABAH 



IV 

ACKNOWLEDGEMENTS 

I would like to congratulate myself for being able to finish this thesis at the right time. 

I could not have done it without the help and support from my parents, friends, lab 

assistants and lecturers, especially Dr. Md Lutfor Rahman, who had been providing 

me a lot of help in completing this thesis, and being my supervisor. I would like to 

thank them for all that they have done, thank you. 

UMS 
UNIVERSITI MALAYSIA SABAH 



v 

ABSTRACT 

Resins are insoluble polymeric matrix containing mobile ions that are capable of 

exchanging with ions in the surrounding medium. Two types of polymerization are 

known, which are step-reaction polymerization and chain-reaction polymerization. 

Poly(hydroxamic acid) chelating resin was prepared from the reaction ofpoly(methyl 

acrylate) grafted sago starch with hydroxylamine. The copolymer was obtained by 

free-radical initiating process which is a chain-reaction polymerization that uses an 

initiator, with hydroxylamine as the initiator. Such polymerization is used because the 

radicals produced are tolerant of many functional groups and solvents. The weight of 

the resin produced was 27.53 g. The resin was used for the separation of metal ions, 

which are copper and chromium from mixed metal ion solution that contained two 

different metal ions, which are Cu-Cr. The metal ion separation was done using the 

column method. The affinity of the resin towards copper and chromium ions can be 

determined from the metal ions absorption by the resin. From the experiment, it is 

known that the poly(hydroxamic acid) chelating resin absorbed more Cu2+ ions than 

cfl+. As a conclusion the poly(hydroxamic acid) chelating resin have a higher affinity 

towards Cu2+ than cfl+. 

UMS 
UNIVERSITI MALAYSIA SABAH 



PEMISAHAN ION LOGAM (KUPRUM, ZINK, KROMIUM) 

MENGGUNAKAN RESIN POLY(HYDROXAMIC ASID) 

ABSTRAK 

VI 

Resin adalah matrik polimer tidak larot yang mengandungi ion-ion bebas yang 

berkemampuan untuk bertukar dengan ion-ion di persekitarannya. Terdapat dua jenis 

pempolimeran yang diketahui, iaitu pempolimeran step-reaction dan pempolimeran 

chain-reaction. Resin poly(hydroxamic asid) telah disediakan daripada tindakbalas 

antara kanji sagu poly(methyl acrylate) dengan larutan hydroxylamine. Copolimer 

tersebut diperolehi daripada proses pencetusan radical bebas yang mana merupakan 

suatu pempolimeran chain-reaction yang menggunakan pencetus, di mana pencetus 

yang digunakan adalah larutan hydroxylamine. Pempolimeran tersebut digunakan 

kerana radikal-radikal yang dihasiIkan mudah menerima kebanyakan kumpulan 

berfungsi dan pelarut. Jumlall resin yang dihasilkan adalall 27.53 g. Resin tersebut 

telah digunakan dalam pemisallan ion-ion logam, iaitu kuprum dan kromium daripada 

larutan campuran ion-ion logam yang mengandungi dua ion logam yang berlainan, 

iaitu Cu-Cr. Pemisahan ion logam tersebut dilakukan menggunakan kaedah column. 

Tahap pemilihan ion untuk membentuk kompleks bagi resin tersebut boleh ditentukan 

daripada peyerapan ion-ion logam oleh resin. Daripada eksperimen, telah diketahui 

ballawa resin poly(hydroxamic asid) meyerap lebih cenderung untuk menyerap ion 

Cu2
+ berbanding ion Cr3+. Boleh disimpulkan bahawa resin poly(hydroxamic asid) 

mempunyai tahap pemilihan ion yang lebih tinggi terhadap ion Cu2
+ daripada ion Cr+. 
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CHAPTERl 

INTRODUCTION 

1.1 Introduction 

Ion exchange was originally discovered to take place in soils. The first commercially 

available ion exchanger was amorphous alumino-silicate gels. The instability of these 

gels toward acid solutions and their variable behaviour led chemists to seek 

alternatives. This search eventually resulted in the synthesis of organic ion exchange 

resins, which soon dominated the field because of their uniformity, chemical stability 

and control of ion exchange properties through synthetic methods (Abe et aI., 1991). 

Poly(hydroxamic acid) chelating resin is an ion exchange resin capable of 

forming complexes with a wide range of metal ions. It contains hydroxamic group that 

have a high affinity towards individual metal ions, which make it widely used for 

metal extraction, separation, recovery, microelements extraction and other potential 

applications. Its high selectivity to certain metal ions made it suitable to be used as the 

ion exchanger for extracting copper, iron and zinc metal ions from complex solutions. 

This ability made it widely used in the recovery of metal ions from various mediums; 

for example, extracting uranium from sea water. It have been prepared by various 
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methods, such as from copoly(acrylamide divinylbenzene), from an acrylonitrile-

divinyl benzene mixture, from poly(methyl acrylate) (Lutfor et af. , 2000) and others. 

The purpose of this study is to detel1lline the selectivity of the resin towards 

some metal ions by using the column method. In tIlis study, the resin will be used to 

separate several pairs of metal ions from a sample solution containing two different 

metal ions. From the separation, the selectivity of the resin towards the selected metal 

ions can be detennined by calculating the metal ion capacity absorbed by the resin. 

The resin will be prepared from poly(methyl acrylate) grafted copolymer and 

hydroxylamine with the presence of alkaline. The metal ion separation will be carried 

out using the column method. The analysis of the experiment will be done using the 

atomic absorption spectrophotometer (AAS). 

UMS 
UNIVERSITI MALAYSIA SABAH 



3 

1.2 Objectives of study 

The objectives ofthis study are: 

a) To prepare the poly(hydroxamic acid) chelating resin. 

b) To detennine the metal ions separation ability of the poly(bydroxamic acid) 

chelating resin. 

c) To calculate the capacity of the metal ions absorbed by the resin. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Resin 

2.1.1 Ion Excbange Resin 

Ion exchange resins (resin) are insoluble polymeric matrix containing mobile ions 

capable of exchanging with ions in the surrounding medium. Each resin has a different 

number of mobile ion sites that set the maximum quantity of exchanges per unit of 

resin. The backbone of insoluble polymers is made from crosslinked polystyrene, 

polyacrylate esters and polymethacrylate esters. These polymers are crosslinked with a 

poly-functional monomer to give the insolubility effect in solvents, physical and 

chemical stability. Ion exchange resins are classified into two groups which are cation 

exchangers, which have positively charged mobile ions available for exchange, and 

anion exchangers, whose exchangeable ions are negatively charged. Both anion and 

cation resins are produced from the same basic organic polymers. The difference 

between them is the ionizable group attached to the hydrocarbon network. This 

functional group detennines the chemical behaviour of the resin. Resins which are 

cation exchangers can be classified into strong or weak acid cation exchangers while 
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anion exchanger resins are classified into strong or weak base anion exchangers 

(Bolto and Pawlowski, 1987). 

Strong acid resins are named so because their chemical behavior is similar to 

strong acids. The resins are highly ionized in both the acid (R-S03H) and salt (R-

S03Na) form. They can convert a metal salt to the corresponding acid by the reaction: 

2(R-S03H) + NiCh -- (R-S04)Ni + 2HCI (2 .1.a) 

In a weak acid resin the ionizable group is a carboxylic acid (COOH) as 

opposed to the sulfonic acid group (S03H) used in strong acid resins. These resins 

behave similarly to weak organic acids that are weakly dissociated. Weak acid resins 

show a much higher affinity for W than strong acid resins. This characteristic allows 

for regeneration to the hydrogen form with significantly less acid than is required for 

strong acid resins. Almost complete regeneration can be accomplished with 

stoichiometric amounts of acid. The degree of dissociation of a weak acid resin is 

strongly influenced by the solution pH. Consequently, resin capacity depends in part 

on solution pH. Figure 2.1 shows that a typical weak acid resin has limited capacity 

below a pH of 6.0 making it unsuitable for deionizing acidic metal. The ion exchange 

resin used in most metal recovery systems is a weak acid resin (Schweitzer, 1979). 
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Figure 2.1 Exchange capacity of weak acid and base resin (Schweitzer, 1979). 

Like strong acid resins, strong base resins are highly ionized and can be used 

over the entire pH range. These resins are used in the hydroxide (OH) fonn for water 

deionization. They will react with anions in solution and can convert an acid solution 

to pure water, with the reaction as follows: 

(2.1.b) 

Regeneration with concentrated sodium hydroxide (NaOH) converts the 

exhausted resin to the hydroxide fonn (Schweitzer, 1979). 

Weak base resins are like weak acid resins in that the degree of ionization is 

strongly influenced by pH. Therefore, weak base resins show minimum exchange 

capacity above a pH of 7.0 (Figure 2.1). Weak base resins are preferred over strong 
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base resins because they require less regenerant chemical. A reaction between the 

resin in the free base form and Hel would proceed as follows: 

(2.1.c) 

The weak base resin does not have a OH- form as the strong base resin does. 

Therefore regeneration needs only to neutralize the absorbed acid, it need not provide 

OH- (Schweitzer, 1979). 

Ion exchange resins are stable over the full range of pH. They are almost stable 

to most inorganic or organic chemicals except for strong oxidants such as dissolved 

chlorine, ozone or peroxides. The resin matrix is decrosslinked and becomes soft. The 

rate of oxidation is enhanced by the increase of the concentration of oxidants and by 

the presence of metals such as iron and copper which serve as catalysts at high 

temperatures (Horwitz et aI, 1993). 

Resins that are currently available show a range of selectivity's and thus have 

broad application. Selectivity of ion exchange resins in order of decreasing preference 

is shown in Table 2.1. 

UMS 
UNIVERSITI MALAYSIA SABAH 



8 

Table 2.1 Selectivity of ion exchange resins. 

Strong acid cation exchanger Strong base anion exchanger 

Barium Iodide 

Lead Nitrate 

Calcium Bisulfite 

Nickel Chloride 

Cadmium Cyanide 

Copper Bicarbonate 

Zinc Hydroxide 

Magnesium Fluoride 

Potassiwn Sulfate 

Ammonia sodium 

Hydrogen 

2.1.2 Total Exchange Capacity 

The total available capacity or total exchange capacity of the resin is a measure of all 

the functional groups on a resin and is reported on a unit volume of wet resin or a unit 

weight of dry resin. Test methods are available to measure the total exchange capacity 

of each type of ion exchange resin. The total exchange capacity is not necessarily the 

same as the operating capacity. The actual operating capacity is usually lower than the 

total capacity for an ion exchange process such as in recovery or purification 

applications. Some of these factors affecting the operating capacity are total and 
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relative ion concentrations, charge density of ions, flow rate, temperature, pH, 

regeneration efficiency and the design of the equipment used (Horwitz et ai, 1993). 

2.2 Poly(bydroxamic acid) chelating Resin 

Cbelating resins are ligands (electron donor atom, anion) with coordinating atom 

which when bonded to a metal, a ring compound win be formed. Chelating resins 

behave similarly to weak acid cation resins but show a high degree of selectivity for 

beavy metal cations. Cbelating resins have special functional groups which contain 

two or more electron donor atoms that can fonn coordinate bonds to a single metal 

atom. Coordinate bonds are fonned when shared pair of electrons is contributed by 

only one of the atoms, which is the donor. Classes of chelating functional groups of 

industrial importance are phosphonic acids, amino-, carboxylic acids and sulfur 

compounds. Resins that have metal chelating capabilities include those containing 

arninophosphonic acid or iminoacetic acid or thio) sites. Chelating resins contain 

specially oriented ionic and non-ionic groups that selectively capture specific ions 

from complex mixtures. This makes the resin has a hierarchy of preferences, for 

exmple, it prefers eu2
+ ions more than C02

+ ions. A characteristic feature of the 

chelating resin is the preservation of their high selectivity with respect to individual 

ions in the presence of large quantities of other ions. The apparent selectivity for a 

given metal depends upon concentration, the presence of other species, and pH. The 

affinity of the resin for a given metal can be increased or decreased by adjusting the 

pH. To obtain the desired pH, buffer solutions are preferably used (Marcus and 

Marinsky, 1993). 
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The high degree of selectivity for heavy metals permits separation of these 

ionic compounds from solutions containing high background levels of calcium, 

magnesium, and sodium ions. A chelating resin shows greater selectivity for heavy 

metals in its sodium fonn than in its hydrogen form. Regeneration properties are 

similar to those of a weak acid resin; the chelating resin can be converted to the 

hydrogen fonn with slightly greater than stoichiometric doses of acid because of tlle 

fortunate tendency of the heavy metal complex to become less stable under low pH 

conditions. The disadvantage of using heavy-metal-selective chelating resins is the 

high cost (Marcus and MarinsJ...)', 1993). 

Polymeric chelating resins are able to bind heavier transition, lanthanide and 

actinide metal ions in the presence of calcium, magnesium, sodium and potassium. 

Poly(hydroxamic acid) chelating resin has potential commercial importance with the 

knowledge that hydroxamic groups are able to fOIm complexes with wide range of 

metal ions. This resin exhibits high affinity for copper, iron, chromium, nickel, 

dysprosium, lanthanum and uranium. It is used for separation of some transition metal 

ions from their binary mixture (Lutfor et al., 2001). The sorption of metal ions by the 

resin was pH dependant and its selectivity towards these metal ions is in the following 

order: 
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2.2.1 Reported synthesis methods 

Poly(hydroxamic acid) resin can be synthesized by various methods and for various 

purposes. Some of the reported methods are from copoly(acryJamide divinylbenzene) 

by treatment with hydroxylamine hydrochloride in the presence of potassium 

hydroxide (Lutfor et al., 2000), by polymerizing an acrylonitrile-divinyJ benzene 

mixture. (Lutfor et al., 2001), from poly(methyl acrylate) and hydroxylamine in the 

presence of an alkaline medium, and from Amberlite IRe-50 by conversion of the 

carboxylic acid to acid chloride or to an ester and nitrile (Lutfor et aI., 2000) followed 

by treatment with hydroxylamine. 

2.2.2 Advantages 

The poly(hydroxamic acid) chelating resin that was used in this study was made from 

poly(methyl acrylte) grafted sago starch. The preparation using the poly(methyl 

acrylate) grafted copolymer is said to be efficient, cost effective and simple work. The 

sago starch is abWldant and a renewable source. It is said tllat the poly(hydroxarnic 

acid) chelating resin is the efficient resin for extracting heavy transition and other 

metal ions (Lutfor et a/., 1999). The resin preserves their high selectivity with respect 

to individuals ions in the presence of large quantities of other ions. This is mportant to 

extract microelements from a complex solution (Lutfor et aI., 2001). 
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Figure 2.2 Poly(hydroxamic acid) chelating resin. 

2.2.3 Applications 

The poly(hydroxamic acid) chelating resin can be used in various purpose. Some of its 

applications are for recovering metals from metal salts and the recovery of uranium 

from from simulated sea water (Lutfor et ai. , 2000), for the recovery of silver and gold 

at trace levels. Gold was recovered from neutral and acid solutions of up to 1.0 M acid 

concentration. Silver and gold separation was achieved by selective desorption of 

silver with 0.5 M nitric acid. Gold may only be quantitative removed by the use of 

potassium cyanide as eluent (Lutfor et aI., 1999). For the separation of some transition 

metal ions from their binary mixture, for binding capacities of copper, iron, 

chromium, nickel, dysprosium, gadolinium and uranium were found excellent, other 

metal ions have significant sorption capacities (Lutfor et ai., 200]). For extracting a 

complex of metal ions from various sources. The design of such chelating resin 

depends on the stability of the basic macromolecular network, which is suited to the 

desired chelating functional groups for specific metal ions. Polymeric chelating resins 

are able to bind heavier transition, lanthanide and actinide metal ions in the presence 

of calcium, magnesium, sodium and potassium. For studying the binding properties of 
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