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ABSTRACT

Excess amount of copper (Il) ion released througfustrial wastewater to the
environment is very harmful. Presence of high catregion of copper (Il) ion in
human body may lead to death and cause severe damather living species. lon
exchange process is widely used nowadays andcitasen for this study to treat
copper (II) from industrial wastewater in order émhance water quality. lon
exchange is a reversible chemical reaction wherem from the solution is
exchanged for a similarly charged ion attachechéoresins. In this study, removal
of copper (Il) ion using a strong acid and stromgebresin is done in batch mode.
The aim of this study is to determine the optimuomdition for copper (II) ion
removal from industrial wastewater based on certaiteria; effect of resin dose,
initial metal concentration, and pH. Experimentg gorerformed under various
condition for resin dose effect (29, 49, 69, 8gd d0g) followed by the effect of
initial metal concentration (1000ppm, 1500ppm, 248, 2500ppm, and
3000ppm). The experiment continues for different ydue (4, 7, and 10). The
result of removal efficiency is shown in graph dmaetic of the process also been
calculated. The effect of waste water treatmeniéocharacterization of the resins is
determined by using Scanning Electron MicroscofeMpand Fourier Transform
Infrared Spectroscopy (FTIR). Results from this j@cb can help to design an
appropriate heavy metal removal technique by usingexchange process in order

to minimize the negative impacts caused by indaisivaste water.
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CHAPTER 1
INTRODUCTION

1.1  Background of Study

Wastewater is the spent water after homes, comaitezstablishments, industrie
public institutions and similar entities have ughdir water for various purpose
The keyword in the definition of wastewater is “used™epent”. That is, the wate
that has been used or spent now it has become wastr [1]. Wastewate
treatment is a group of unit processes designeskparate, remove, and dest

undesirable substaes carried by wastewater from industrial sourcé:

458 2.55 M Sewage treatment
& plants
B Manufacturing
industries
Animal farms

M Agro-basedindustries

Figure 1: Registered water pollutant point sou@at

Obtained fronrDepartment of Environment, Ministry of Natural Reswes
and Environment webpage.

Based on the above chart, it is clearhown that manufacturing industri
contribute a lot in polluting our environment. Watdten contaminated with hea
metal ions such as copper, cobalt, nickel, zinedlecadmium, etc, which a
detected in the waste stream from the electroméstrepating, and photograph

industries. Those heavy metals considered toxialitdiving systems, includin



human being if present in sufficient high concetidra Copper causes various acute
and chronic disorders such as haemochromatosisgasitiointestinal catarrh [3].

Human intake of excessively large doses of copgaul ko severe musocal irritation
and corrosion, widespread capillary damage, hepatid renal damage, central
nervous system irritation followed by depressiod @ossible necrotic changes in

the liver and kidney could occur [4].

Removing pollutants from water is an important s and is becoming more
important with the increasing of industrial actyiin order to solve heavy metal
pollution in the ecosystem, it is important to lgriapplicable solutions to the
subject. Several techniques such as chemical pacdm, oxidation, reduction,

coagulation, solvent extraction, ion exchange, atgsbrption have been commonly
employed for the removal of metal ions. Among thesksorption has been thought
to be efficient and economically feasible as a ewmater treatment operation. lon
exchange resins with improved sorption capacityval as adsorbents may have
advantages over such non-specific adsorbents.ignréigard, ion exchange resins
hold great potential for the removal of heavy neetabm water and industrial

wastewater [4].

Industrial wastewater treatment is consisted of &&ages which are pretreatment,
primary treatment, secondary treatment, and adwarftatiary) treatment. The
pretreatment is mainly to remove large materiatsnfrthe wastewater that may
hinder the following treatment. In the primary treant, the light particles or

suspended solid is settled down in a sedimentéaiok [5].



The secondary treatment is about removal of solatdeerials that require oxygen
for decay, as well as further removal of susperstdids. The processes involved in
this stage are trickling filters, activated sludged clarifier. The secondary stage
can remove up to 85% the BOD, suspended solidsakmide pathogen, yet tertiary
treatment is still required to remove the remainpglutant such as nitrogen,

phosphorus, non-biological chemical oxygen demand,heavy metals [5].

1.2 Problem statement

The most efficient process need to be determinedhi® removal of Ctf by ion

exchange technique to make sure that the discheagewater follow the standards
provide by Malaysian government and WHO. In thisdgt understanding of the
concept of ion exchange and the affecting paranuétére process is very crucial in

order to get the most efficient process with thestmemoval of Cti ions.

1.3 Objective

The general objective of this project is to enhaheeremoval of copper ions (€l

from wastewater by using ion exchange method. Spalty, this project aims to:
I. To study the characteristics of ion exchange resiterials.

i. To study on the effect of initial copper concentmatof the solution, pH

of the solution, and dose of resin used.

iii. To study the kinetics of the ion exchange process.



1.4 Scope of study

A small scale laboratory experiment will be perfednin order to investigate the
ability of the resins to remove copper ion t§urom aqueous solution over a range
of operating parameters and conditions. The prgets by identifying the suitable
process to remove €land suitable resins for the research. Optimum ewaster
treatment condition is determined and selecteddriation of CG" concentration in
the wastewater, pH, and resin dosage used. Wastewatdel is prepared by
dissolving CuSQ@in distilled water. Concentration of €uis measured by UV-vis
Spectrophotometer before and after the experimiéns was done to identify the
efficiency of the resin in removing €u The surface analysis was done to compare
the characteristics of resin before and after tkeement. The analysis involved
Scanning Electron Microscope (SEM) and Fourier $tam Infrared Spectroscopy
(FTIR).



CHAPTER 2

LITERATURE REVIEW

2.1 1on Exchange Process

lon exchange is a separation process in whichid sohtaining mobile, replaceable
ions is contacted with a solution of an ionizalgeaes, when the mobile ions of the
solid are exchanged by ions of similar charge (pasior negative) in the solution
[5]. It also can be define as the exchange of fons stoichiometrically equivalent
amount of other ions of same sign when the ion &xgh resin is in contact with
electrolyte solution. Carriers of exchangeablearattalled cation exchanger and
carrier for exchangeable anion called anion exchaf]. In early years, inorganic
ion exchangers, mainly zeolites, were used. Butthgfit ion exchange resin,
developed by more than 60 years ago, have larggllaced the zeolite-type ion
exchangers years ago [5].

lon exchange now is a well established technolpgyticularly in water purification
and the concentration and removal of hazardous taubss at very low
concentrations in chemical process industriesH@}.comparatively dilute solutions,
besides, reverse osmosis, solvent extraction, dadrption also can be applied. In
general, reverse osmosis has high operating andtenaince costs and is subjected
to fouling. Solvent extraction has high recoverpawty and selectivity but often
suffers from solvent loss the problems of phasearsdjpn. Activated carbon
adsorption is not so effective for this subjechailigh it has been widely used for
removal of organic contaminants. Therefore, ionhaxge appears to be a more
promising method for the treatment of such solionchemical process industries

[8].



2.2  lon Exchange Equilibria

Generally, an ion exchange ‘reaction’ can be exga@sn the following form.

A"+BR+X — AR +B +X

Here the ions Aand X are formed in solution by dissociation of the compd AX;
B'R and AR stand for the cation exchange resin. The resingés from B-form
(B'R) to the A-form (AR") on exchange of the catiori B the resn by Afrom the

solution. The anion Xremains in the solution all along [5].

The removal of copper from wastewater can be reptess below

CU* (ag) + 2 RH" (s) — CuR + 2 H'(aq) (R =resin anion)

Copper ion (Ct" will replace hydrogen ion (N from the resin and H+ will be
release to the solution and been treated with amésm. The treatment can be
represented as below.

H" (ag) + ROH (s) — R+ H,O (aq) (R= resin cation)

After some times, both anion and cation resins gélt exhausted and in order to
maintain the efficiency of the adsorption, thossime need to be regenerate.
Regeneration of cation resin will use3$0, while anion resin will use NaOH. The

resins will be flash by their respective chemidalsa period of time.

2.3  Parameters Affecting Process

Since this research is about the removal of hamsrdsubstance at very low
concentrations in chemical process industries,sitimportant to identify the

parameter affecting this process and study thetikg@f the process in order to
obtain the most efficient process. In this reseaselieral parameters will be studied
which is the initial concentration of the solutiopiH of the solution, and resin

dosage.



For pH effect, it is known that amount of metal lexcged (g increases sharply
with the increasing pH. This is due to competitireding between Cii and H for
the binding sides of the resin surface. When thigainpH value is below 2, an
excess of Flions compete effectively with Glifor binding sites, to result in lower
level of metal uptakes, so the final pH becomehdriafter exchange. But at an

initial pH of 4-5, the final pH becomes lower afeeecchange [7].

Resin dosage also produce significant effect to e¢ehange process as the
increasing the adsorbent dose (resin dose) the vadnedficiency increases but
adsorption density decrease. The decrease in ddsogensity can be attributed to
the fact that some of the adsorption sites remasaturated during the adsorption
process; whereas the number of available adsorpties increases by an increase in

adsorbent (resin) and this result in an increasenroval efficiency [4].

The effect of the initial concentration is referréal the percentage of sorption
increased with the decrease in metal ion conceotrathile the uptake of metal ions

by sorbent increased with an increase in initialaineoncentration [3].

2.4 Characterization of theresin

Table 1: Method of Characterization Study for lortkange Resin

Method Purpose Working principle
Scanning To observe the surface structur€he magnified image is producéed
Electron for the particle. SEM shows venby scanning the particle with
Microscope | detail 3 dimension image that cahigh-energy beam of electrons |in
(SEM) be magnified up to 500 000 timg a raster scan pattern.

Fourier To provide information regardingFTIR Spectrum is produced hy
Transform the amount of elements in theéhe different in IR radiation that
Infrared particle based on the functiongbassed through the sample.
Spectroscopy group. To identify unknown

(FTIR) material in the sample.




CHAPTER 3
METHODOLOGY

Resear ch M ethodology

>

Literature Review
Understand the concept of ion exchange.
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v

Resear ch design
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Lab work and findings
Execute the experiment
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Summary and conclusion
Final report preparation.
Oral presentation on the resea




3.2  Project Methodology
3.2.1. Overview

The experiment started by preparing the model efwastewater by dissolving
CuS0O4 with distilled water. Then the process oftpegatment of the resin take
place where the resin is washed using NaOH (1 mmd)dfollowed by HCI (1
mol/dm3) and n-Hexane. Lastly, the resin is ringsitg distilled water.

First experiment will be the study of the effect r@sin dose. Five different
amounts of resin, 2g, 49, 6g, 8g, and 10g respagtiare placed in conical flak
together with 150 mL of CuSO4 with 1000 ppm concaidan. The solution is

stirred at 350 rpm for an hour and every 15 minudesample will be withdraw

and test the amount of copper ion in the solutidre optimum dose of the resin
will be analyzed through the data obtained.

Second experiment which is the effect of initiahcentration will require five
solution with different concentration; 1000 ppmP@5pm, 2000 ppm, 2500 ppm,
and 3000 ppm. An amount of optimum dose of thenregll be placed in the
conical flask together with the solution and they stirred at 350 rpm for an hour.
Sample is taken every 15 minutes and the amountogiper ion will be
determined.

The effect of pH of the solution will be studiedxheFive solutions with pH
3,5,7,9 and 11 respectively will be test to deteemivhich pH is the optimum
condition for the ion exchange to take place. THeigadjusted using 0.1 M HCI
and 0.1 M NaOH. The amount of resin and conceptmatif the solution is based
on the previous experiment. Every solution willdigred at 350 rpm for an hour
and a sample is withdrawn every 15 minutes tofeeghe amount of copper ion.

Each sample is tested using UV-vis Spectrophotantetind the initial and final

concentration of copper ion.



3.2.2 Resin Pretreatment
Prior to use, several steps below must be applg.siéps are:

1. Resins need to be washed by NaOH (1 mol)dfallowed by HCI (1
mol/dnt) and finally n-hexane. The purpose of these steps is to remove
possible organic and inorganic impurities so thed a&dsorption process
taking place efficiently.

2. Then, resins must be washed with deionised watewgder) three times to

remove the excess chemicals used in Step 1.

Resins need to be dried in vacuum oven &Cagefore it can be used.

3.3 Toolsand Materials

3.3.1 Instrument

The copper concentration measurement was carriedusing HACH UV-vis
Spectrophotometer (model DR 5000). pH meter wad tseneasure the pH of the
solution. Conductivity meter was used to quantiig ttotal ion content in the

liquid.

Figure 2: HACH UV-vis spectrophotometer (model DBOB)

10



3.3.2 Materials
i. Resn

Synthetic resin was used in experimental studiegio@ resin used in this
experiment is Lewatit S1467, produced by Lanxes® fEsin is in Naionic

form and was from sulfonic acid functional grougeTresin is light brown,
gel type beads that have crosslinked polystyren&ienaAnion resin is a
strongly basic anion exchange resin with pale yeltcanslucent beds. The

resin is based on crosslinked polystyrene and oent@hloride (C) ionic

form.
Table 2: Physical and Chemical Properties
Lewatit S 1467 Amberlite IRA 402
Total Capacity 2.0 eq/L 1.3 eq/L
Mean Bead Size 0.60 mm 0.60 mm
Maximum 8% ( Nd to H") 30%( CI to OH)
Swelling
Bulk Density 8.20 g/l 670 g/l
ii. Chemicals

Copper (I) sulfate (CuS£bH,O) made by Bendosen was used to prepare
the model of wastewater. As for pretreatment prece$ the resin,
Hydrochloric Acid (HCIl) manufactured by JT Backen-Hexane
manufactured by Merck Chemical and Sodium Hydroxpteduced by

R&M Chemicals were used.

11



34 Key Milestone/Gantt Chart

This project is divided into two parts and compleie Two Semester period. The
research work is done in Final Year Project |, ehie experimental work is been
carried out in Final Year Project Il. At the endtbé project, the parameters will be
verified accordingly and the results will be stutlend analyzed thoroughly. Gantt

chart for both parts are shown in figure below.

Week
Activities 6 7089 10]11]12|13]| 14
Introduction/Problem Statement - c
Conceptual study 2 % z
']
Literature review - = t5
Equipments and tools evaluation 9 < £ : 2
o=
Chemical identification e 2 * 5 e E
P a g v ¢ BE
Parameter specification -5 £ 2 £ 0
Rescarch methodol s2| ¢ o5
esearch methodology © @ E @ ]
Lab work @ ”‘ a
£ £
@ o]
Figure 3: Gantt chart for Final Year Project | (dAD10)
Ne. Detaill Week HIEREA N EA R E s o |w|n|r|n|4]|ils
1 |Project Work Continues
2 |Submussion of Progress Report &
o e I
.
4 [PeEDX 3 ®
I
[ad]
5 [Submission of Draft Report L"j B
4
6 |Submussion of Dissertaton (soft bound) E ®
v
7 |Submussion of Techascal Paper - ]
=
§ |Oral Presentarion M
9 |Submussion of Project Disseriation (Hard Bound) ™

Suggested malestone
i Process

Figure 4: Gantt chart for Final Year Project Il jv2011)

12




CHAPTER 4

RESULT AND DISCUSSION

4.1  Effect of Resin Dosage

120 -

100

(0]
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N
o

Percent Uptakle (%)
(o]
o

N
o

o

Resin dose (g)

Figure 3: Effect of resin dose on the removal gffger by ion exchange resin Lewatit S 1467

Figure 3 represents the removal of’Cas a function of resin dosage by Lewatit S
1467. Resin dosage was varied by 2.0 to 10.0 g eapdlibrated for 1 hour.
Increasing resin dosage increased the percent @mdCLf*. It shows that for the
quantitative removal of Cu2+ from 150 ml solutiaantaining 1000 ppm of Gt} a
minimum dosage of 4 g/150 ml of Lewatit S 1467 eguired for the maximum
removal of C@". The result also clearly indicates the removaicigfficy increases
up to the optimum dosage beyond which the remdfigiency has no change with
the resin dosage. It may be concluded that by asing the resin dose the removal
efficiency increases but metal exchange densityedses. The decrease in metal
exchange density can be attributed to the factdbate of the metal exchange sites
remain unsaturated during the ion exchange procet&reas the number of

13



available metal exchange site increases by anadsera resin and this result in an

increase in removal efficiency [9]. Therefore ir tbubsequent studies 4 g of resin
was used.

4.2 Effect of Initial Metal Concentration

100 -+

95 -

90 -

85 -

80 -

Percent Uptake (%)

75 A

70 T T T T T 1
500 1000 1500 2000 2500 3000 3500

Initial Cu?* concentration (ppm)

Figure 4: Effect of initial concentration towardetremoval of copper by ion exchange resin Lewatit
S 1467

The exchange isotherm was obtained as shown inrd=iguThe amount of metal
exchanged ) was determined using the relation:

(Co - Ce)V

de

whereC, andC; is the initial and final concentration of €y V is the volume of
agueos solution, ana is the mass of resin. In general, relationshipvbehge and
Ce is important to describe how metals ion interaithwhe resin and so critical in
optimizing the use of resin. From the graph in Fegh, it is clearly shown that as

the initial concentration increase, the exchangeacity also increases. The same

14



pattern of result also shown by L. —C. lanhal [3] [4]. However, Figure 4 shows
that the percentage uptake of‘Cdecreasing, as the initial concentration incregsin
This might be due to the resin is saturated witfi*@dter 1 hour meanwhile high

amount of C6' is left in the solution.

150 +
140
130 A
120 A
110 A
100 A
90 -
80 -
70 -
60 . . . . . .
500 1000 1500 2000 2500 3000 3500

q. (mg/g)

C. (ppm)

Figure 5: Metal concentration exchange onto resin

In order to optimize the design of a sorption sysfer the removal of metals from
effluents, it is important to establish the mosiprapriate correlation for the
equilibrium curves. Two isotherm equations havenltested in the study: Langmuir

and Freundlich Isotherm.

Langmuir equation is given by:

— QObCB
1+ bC,

e

WhereQq is the Langmuir constant for maximum adsorptiopacity andb is the

Langmuir constant related to rate of adsorption.

15



Rearrange the equation gives:

C_ 1,1,
Q *

qe Qob

As shown in Figure 6C. againsiCJ/qe is plotted and gives the value@f = 250 and
b=5.01x 10

Freundlich proposed that if the concentration déitgoin the solution at equilibrium,
Ce, is raised to power n, the amount of solute alebieingge, thenCo/ge is a
constant at a given temperature. The Freundlicthésm is derived by assuming a
heterogeneous surface with a nonuniform distrilbugbheat of adsorption over the

surface. Hence the empirical equation can be wr[@¢

qde = Kr. Cen

whereK is the Freundlich constant andhe Freundlich exponent. Therefore a plot
of log ge vs. log C. enables the constai and exponenh to be determined.

Rearrange the above equation will produce:

logg, = logKr + nlogC,

Figure 7 shows loge vs. logC.. Value ofKg from the graph is 1.35 amd= 0.537.

The correlation of both Langmuir and Freundlich0i871 and 0.966 respectively
which shows not much different. Both plot give g line for all concentration,

implies that the ion exchange is well fitted totb@otherm.

16
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Figure 6: Langmuir Isotherm for removal of copper

2.15 4
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2.05 A

log g,

1.95 -

1.85 T T T T T T 1
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Figure 7: Freundlich Isotherm for the removal opger

The adsorption isotherm coefficients obtained frthra slopes and interscepts of
linear plots are listed in Table 3. As shown b$ iR Table 3, the Langmuir
adsorption isotherm provides a better fit to thegesimental data of copper

compared to Freundlich approach.
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Table 3: Summary of isotherm parameters fof'@m Lewatit S 1467 ion exchange resin system

| sotherm Constant
] . Qo (My/g) b (/mg) R®
angmuir 250 5x10* 0.971
. Kr (mg/g) n R?
Aretnellen 1.35 0.537 0.966

4.3  Effect of pH

90 -~
88 -
86 -
84 -
82 -
80 -
78 -
76 -
74 -
72 -
70 T . . T

3 5 7 9 11 13

Percent Uptake (%)

Solution pH

Figure 8: Effect of pH of the solution on the rerabef copper ion

The effects of initial pH of the solution on themeval of CG* were investigated.
pH was varied from 4 to 11 indicates three difféeremnditions of solution: acidic,
basic and neutral. It is shown in Figure 8 thatcpetage uptake by the resin
decreases rapidly when pH increased above 7 dubketdormation of a copper
precipitate at higher pH values [9]. Additional d&OH to the solution in order to
get higher value of pH leads to this condition. Tiesin is effective for the

maximum removal of Ciil at low pH range (acidic condition).

18



4.4 Resin Characterization
4.4.1 Analysisof cation resin by SEM

Four samples are taken to be analyzed by Scannegjr& Microscope
(SEM) in order to study the surface structure @f tbsins. The samples are
taken from fresh resin, resin after pretreatmentr@sin after treatment with
CU** solution.

EHT = 5.00 kV Signal A = SE2 Date :25 Aug 2011 Tim EHT = 5.00 kV Signal A = SE2 Date :25 Aug 2011 Time :9:}
WD = 4.8 mm Mag= 150 X Universiti Teknologi PH WD = 4.9 mm Mag= 150 X Universiti Teknologi PETR(

EHT = 5.00 kv Signal A = SE2 Date :25 Aug 2011
WD = 4.9 mm Mag= 150 X Universiti Teknologi

(©)

Figure 9: SEM structure; (a) Fresh resin, (b) Raflier pretreatment, (c) Resin after treatment with

Cuv™.
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The SEM images in Figure 9 show the different sigfatructure after resin
undergoes different processes. Figure 9 (a) shbevsurface of fresh resin
which had minimum flakes because no exchange betvoes occurred yet.
After pretreatment with various chemicals, ressuisface become smoother
because the impurities is being wipe out as shawikigure 9 (b). However

Figure 9 (c) shows flakes and cracks appear maiblgion the surface of
the resin after treatment.

4.4.2 FTIR Analysis

nan
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Figure 10: FTIR image for resins before treatmeitit W@** solution
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Figure 11: FTIR image for resins after treatmerthv@u2+ solution
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The preliminary quantitative analysis of the funogl group available in the cation
resin is determined by using FTIR Spectroscopycition before treatment with
CU** and cation after treatment with €UFTIR image as shown in Figure10 shows
that the broad and intense peak at around 240bveas referring to OH group due
to the present of free hydroxyl group and watdharesin. The band at 2931.60cm
!indicates -CH stretching vibration of acyclic raised by electegative substituent
in the solution from the used of plastic laborateare. Peak observed at 1635tm
is the stretching vibration of primary amine —N-HFhe peak at 1209.28 indicates

there is secondary amide group (N=H) availabléeresin.

FTIR spectra of Cii loaded resin in Figure 11, shows that a sharpedser of the
peak at the range around 2335.64'am 2362.63 cil which signifies NH' region.
Due to the positive ions present in the resin,itims have a tendency to exchange
with other positive ions available in the solutiohhus, after the wastewater
treatment cycle, the concentration of’Cim the resin increased as the concentration
of NHs" keep on decreasing. The increasing and broad ge&&00 crit indicates
the existent of carbonates group (C=0) in the rdsiom the figures, the band had
shifted from 3440.77, 2931.60, 2337.50, 1635.52 H2@P.28 cm-1 at Figure 10 to
3398.34, 2925.81, 2362.64, 1635.52 and 1215.07 amnFigure 11. This is due to

the existence of predominant contributor for copgeake in the bonds.
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CHAPTER S

CONCLUSION AND RECOMMENDATION

51 Conclusion

Among the heavy metal removal processes, ion exghamocess is very
effective to remove various heavy metals and caedasdy recovered and reused by
regeneration operation. A batch mode experimeotmslucted to study the effect of
resin dosage, initial metal concentration, and pkards the removal of Gl
Lewatit S 1467 cation resin and wastewater modsl wgzd in this study.

The effect of resin dosage is investigated overdmge of 2-10g of resin dosage. It
is found that 4 g of Lewatit S 1467 is the optimamount of resin to remove &€u

from 150 ml of 1000 ppm solution. In subsequendiets, 4 g of resin was used.

From different initial concentration experiments, shows that initial metal
concentration does affect the exchange proces®dBas the result, the optimum
condition for the Cti to be removed by using 4 g of resin is at initi@hcentration
= 1500 ppm. Both Langmuir and Freundlich isotherfiaiswell with the ion
exchange equilibrium data by producing straighe Iemd correlation obtained is
0.971 and 0.966 respectively. However, Langmuiregia better fit compare to

Freundlich.

Besides, acidic condition (pH around 4 to 6) is dpgmum pH for the removal of
CU’. At pH above 7, precipitation forms metal complekich is no longer
considered removal via ion exchange process med&nwahipH less than 2, high

competition between Hand C3* decreased the efficiency of €uemoval.
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5.2 Recommendation for Future Works

In order to improve the exchange capacity and iefiicy of the process, it is
suggested to modify the resin so that more spacmébal exchange created. Fresh
resin can undergo pretreatment process using teytalmmonium iodide, methanol
and distilled water before they can be used forpeogreatment. Other operating
parameters such as temperature and contact timédshe taken into consideration
too.
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APPENDICES
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Figure A: Surface comparison between fresh resio) (resin after pretreatment
(middle) and resin after treatment withCu
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Figure B: Diameter difference between fresh rewp,(diameter = 495.8um), resin
after pretreatment (middle, diameter = 525.7 pmql, )@sin after treatment with
CU** (bottom, diameter = 500.3 pm)



Figure B: CuVer 1 Copper Reagent Powder Pillowsalied in Cé" solution
(purple solution) before being tested using UVsapgctrophotometer

Figure C: Colour differences between resin befaght) and after the treatment
(left).

Figure C: Cyberscan pH meter



