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stabilizing agents, and it also contains a base material that is a solvent for all the other
ingredients. Typically, the encapsulated, internal droplets in the emulsion are 1-3
micrometers in diameter to provide a geod emulsion stability for ELM extraction. When
the emulsion is dispersed by agitating in the external, continuous phase during the
extraction process, many small globules of the emulsion are formed. The size of the
globules depends on the characteristics and concentration of the surfactant in the
emulsion, the viscosity of the emulsion, and the intensity and the mode of mixing[Ohtake
et al., (1987); Rautenbach and Machhammer, (1988); Ho, (1986)]. Usually, the globule
size 1s controlled in the range of 100 to 2000 um in diameter. Thus, a very large number
of the emulsion globules can be formed easily to produce a very large mass transfer area
adjacent to the external, continuous phase. Each emulsion globule contains many 1 to 3

pm internal droplets. Thus, the internal mass transfer area, typically 10° m*/m’, is even
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Figure 1.1 Schematic of an Emulsion Liquid Membrane System



much larger than the external mass transfer surface area. Therefore, a rapid mass transfer
in the ELM process can occur from either the external, continuous phase to the internal,
encapsulated phase.

The configuration of an ELM process is given in Figure 1.2. It consists of four
unit operations: (1) Emulsification: the membrane phase and the internal phase are mixed
and formed a water-in-oil emulsion. It generates an tremendous interfacial area about 10°
M2/M? of the emulsion for mass transfer of metal ions in the next operation.(2) mass
transport operation: the emulsion is dispersed in the external phase by agitating. Droplets
of the W/O emulsion are formed and suspended in the external phase. In the mixing tank,
mass transport of metal ions occurs. It takes only a few minutes of mixing time to achieve
the mass transport operation. (3) Settling: The droplets (globules) of the emulsion and the

external phase are separated in a settling tank after the droplets regaining its form of the
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Figure 1.2: Schematic of a Continuous Emulsion Liquid Membrane Process



continuous emulsion on top of the external phase. (4) Breaking operation: The emulsion
of membrane phase and internal phase with metal ions in it is then demulsificated and
separated using an electrical demulsification apparatus. The metal ions in the internal
phase are in the form of an aqueous concentrated solution. The membrane phase will be

recycled and used again in the emulsification operation.

1.3 Facilitated Mechanisms

The effectiveness of emulsien Liquid membranes is a result of two facilitated
mechanisms called Type 1 and Type 2 facilitations[Matulevicius and Li, (1975), Li,
(1978, 1981)]. In Type 1 facilitation, the reaction in the internal phase of the ELM
maintains a solute concentration of effectively zero. This is the minimization of the
diffusing solute species in the internal phase. The reaction of the diffusing species with a
chemical reagent in the internal phase forms a product incapable of diffusing back
through the membrane. Extraction of phenol from aqueous phase is a very good example.

Type 2 facilitation is also called carrier facilitated transport. In this type of
facilitation, the diffusing species is carried across the membrane phase by incorporating a
"carrier" compound (complexing agent or extractant) in the membrane phase, and
reactions involving the diffusion species and the carrier compound take place both at the
external interface between the external and membrane phases and the internal interface

between the membrane and internal phases. In this thesis, all the investigated systems

belong to this type. Extraction of strontium ion via di(2-ethylhexyl)phosphoric acid



(D2EHPA, HR) from wastewater can used as an example to illustrate the mechanism of
carrier facilitation.

The mechanism involves the following steps:
(1) Mass transfer of strontium ion from the external bulk phase through the mass transfer
film resistance to the external interface between the external phase and membrane phase.
(2) Sr ions (Sr'?) reacts with the carrier or extractant (HR ) of the membrane phase at the
interface between the external and membrane phases.

) IR |

St Jexternal F2HR interface(ext./memby— SRy Ii'ntes.:rface(aa:xt./nrle:mb,)+2H+ lextemal

where SrR5 is the membrane-soluble complex in the membrane phase.
(3) Mass transfer of 51R+ in the membrane phase from the external/membrane interface to

the membrane/internal interface

SrRp Jintm*fan:e(sxt./memb.)‘“‘"‘“’“" StR7 'imcrmce(memb,/in‘[,)
(4) The membrane-soluble complex(SrR,) at the membrane/internal interface reacts with

hydrogen ions from the internal phase.

SrR, |int€:rface(memb./int.)+ M linternal —2HR linterface(membrint.) +Sr2+ linternal
The metal ions are released from the membrane phase into the internal phase.
(5) Mass transfer of extractant(HR) in the membrane phase from the membrane/internal

interface to the external/membrane interface.



HR Iﬂnterface(memb./int.)“""‘"‘*HR [interface(ext./memb.)
This facilitated transfer of strontium ions occurs when the pH value of the internal

phase is lower in value than the external phase.

1.4 Advantages of Emulsion Liguid Membrane
For both type 1 and type 2 facilitations, there are several advantages of the emulsion
liquid membrane process over the solvent extraction process. They are (1) Simultaneous
extraction and stripping take place in one single step rather than two separate steps as
required by solvent extraction. This 1s one of important advantages of ELM extraction
versus solvent extraction. (2) The ELM feature of simultaneous extraction and stripping
removes the equilibrium limitation inherent in solvent extraction. Therefore, the complete
removal of the solute from feed can be achieved with single-step ELM extraction. (3)
Another advantages resulting from non-equilibrium feature of an ELM process is the
significant reduction of the extractant inventory required for the ELM extraction versus
solvent extraction. The reduction by a factor of more than 10 is possible so that expensive
extractant can be used. (4) High flux is possible. By combining the advantages of high
diffusion coefficient in the liquid phase with the added carrying capacity of the carrier,
farger flux than polymer membrane is possible. (5) Very selective separation are possible.
The selective nature of the carrier provides much better separation than those obtainable
based solely on relative solubility and diffusion. (6) Ions can be concentrated. Coupled
transport allows one to pump ions against their concentration gradients. (7) ELM is

reported up to 40% less expensive than solvent extraction.[Noble and Way, (1987b))



1.5 Scope of this Study
This study focused on the application of emulsion liquid membranes on wastewater
treatment. For the treatment of arsenic ion from metallurgical wastewater, 2-ethylhexyl
alcohol was determined by experiment as an effective carrier. Sulfuric acid and sodium
hydroxide solutions were used as external and internal phases, respectively. The effects of
operating conditions on extraction performance, such as dosage of the emulsion, acidic
strength in the external phase and alkali strength in the internal phase were investigated
and optimized. For the treatment of strontium ion from radioactive wastewater, di-(2-
ethylhexyl) phosphoric acid was determined as an effective carrier. Sulfuric acid solution
was used as the internal phase and a buffer solution of acetic acid and sodium acetate
was used as the external phase. The operating conditions were investigated and
optimized. In addition, a mathematical model was derived to the model emulsion liquid
membrane system and predicted the experimental data. This model not only predicts
concentration of solute in the external phase versus time, but also gives the concentration
profile inside the membrane globule and the interfacial concentration on external phase-
membrane interface. A theoretical investigation of emulsion liquid membrane systems

through the mathematical model was conducted.



CHAPTER 2

EXTRACTION OF ARSENIC ION BY EMULSION LIQUID MEMBRANE

2.1 Introduction
Arsenic ranks 20th in abundance in the earth's crust[National Research Council, (1977)],
Most of the arsenic product commercially accumulates as a byproduct in the smelting of
nonferrous metal ores containing copper, gold, silver, lead, nickel and cobalt{Cullen and
Reimer, (1989)]. Today arsenic is almost always an unwanted accompanying element in
metallurgy. In the mining industry, some mine water and tailing water from mineral
processing plants, particularly from nonferrous metal mines, usually contain arsenic. The
discharge of the waste water containing arsenic to an aquatic system poses a potential
threat to the environment. Therefore, it is necessary to treat wasle water containing
arsenic[Wolf, (1976)]. In addition, arsenic is well-know as a toxic component, among its
four stable states, (+5, +3, -3 and 0), As(IlI) is the most toxic one and is reportedly 25-60
times as toxic as As(V) and several hundreds times as toxic as other organic arsenic
compounds so that As(Ill) is mostly concerned. It has also been suggested that arsenic
may cause neurological damage to those who drink water contaminated with slightly
greater than 0.1lmg/l[Korte er al., (1993)]. U.S. EPA demands that waste water
containing less than 0.05mg/L of arsenic can be disposed of. Due to its high toxicity, rare
research has been conducted on arsenic, even its chemistry, but it is clear that pH
determines which arsenate species is dominant. For AS(III), it changes its forms from

H;As0; to HyAsO;™ to HASO5% to AsO43- when pH increases. It was reported that As(1II)
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has large solubility in basic surroundings(up to 32g/l in 5%NaOH solution), almost 10
times of its solubility in neutral aqueous phase[Baradel, er al., (1986)]

We first successfully applied an emulsion liquid membrane(ELM) process for the
removal of arsenic. The membrane was composed of 2-ethylhexyl alcohol(ZEHA) as the
extractant, ECA4360J as the surfactant and Exxsol D-80 solvent (or heptane) as the
diluent. The sulfuric acid solution and the sodium hydroxide solution were used as
external and internal phases, respectively. The arsenic removal efficiency reached 92%
within around 15 minutes in one stage. Meanwhile, extraction and stripping chemistries
were postulated and investigated. It was observed that extraction rate and removal
efficiency increase with the increase of acidic strength and alkali strength in the external
and the internal phases, respectively. It was also observed that selective removal of
arsenic over copper is extremely high. Some other effects were studied, such as diluent
properties, agitating speed and initial arsenic concentrf'ition. In comparison with solvent
extraction process, all the advantages of emulsion liquid membrane were shown on the
arsenic removal process, such as mild operating condition, fast removal rate and high

removal efficiency at one stage.

2.2 Literature Review
Existing methods of arsenic removal include precipitation, coprecipitation, adsorption,
ion exchange, reverse osmosis and solvent extraction. Chemical precipitation and
coprecipitation to form insoluble metal hydroxide were the most used treatment

methods[Happer and Kingham, (1992); Chou, (1987); Gulledge and O’Connor, {1973)}].



Alumina sulfate or ferric sulfate is chosen as coprecipitation reagent, and it was reported
that 0.05mg/L of arsenic in effluent could be achieved by adjusting pH value(pH=4.5-8.0
for alumina sulfate, pH=4.0-12.0 for ferric sulfate). The precipitation processes have the
advantage of low cost for high volume treatment and easy adjustment for quality coentrol
and till now have been the most reliable and effective methods. However, these
treatments have their drawbacks. After arsenic and other metals are removed from
wastewater, the sludge must be further treated. The toxic arsenic in the sludge is always
needed to be separated from other metals such as copper, cadmium ete.

Adsorption was another choice for arsenic removal{Gupta and Chen, 1978, Huang
and Fu, (1984); Rosenblum and Clifford, (1983); Bellack, (1971), Diamadopoulos, ez al.,
(1993)]. The adsorbents commonly used are activated alumina and activated carbon.
Activated alumina adsorption is highly selective for arsenic. Therefore, from two of them,
activated alumina adsorption shows better. The typical alumina used in water treatment is
28-43 mesh (0.3-0.6 mm diameter) mixtures of amorphous and y-AlyO3 prepared by low-
temperature(300-600°C) dehydration of AI(OH)3. They have surface area of 50-300 n112/g.
After treatment, Concentration of arsenic in solution can be reduced to less than 0.01
mg/L, so that adsorption is always used as last step for purification. Activated alumina
adsorption is highly selective for arsenic, possible to reach low effluent contaminant level
and insensitive to flow conditions and the total dissolved solids background. But, it has
the disadvantages of slow adsorption kinetics, low capacity treatment, frequent

regeneration of packing, and disposal of spent regenerate.
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Ion exchange was an innovative method for arsenic treatment by EPA[Clifford

and Lin,(1991), Hotheins, (1984)]. A cation exchange resin is chosen when arsenic is

As3

", and an anion exchange is chosen when arsenic is AsO33- or AsO43- . Selection of
particular resin also depends on pH of the solution and what other ions in the same
solution. Ion exchange makes an essentially zero level of effluent contamination possible,
relatively insensible to flow variations and allowable for large quantity treatment. Most
ion-exchange resins are completely regenerable and can be operated for thousands of
cycles before they are replaced. However, their useful lives can be shortened drastically
by fouling, the accumulation of deposit in or on the resin bead. The most common
foulants for cation exchangers are clays and iron; humic materials and silica typically foul
anion resin. Therefore, ion exchange is a high-cost process and it is always applied as last
step for purification .

Reverse osmosis was applied to arsenic treatment as an innovative method by
U.S. EPA[Clifford and Lin, (1991)]. The mechanism is that the water is forced from a
concentrated salt solution through a semi-permeable membrane into a solution of low salt
concentration by the application of hydraulic pressure. The hydraulic pressure must be
applied larger than the osmosis pressure, and the rate of water flow through the
membrane is proportional to the net pressure difference of hydraulic pressure and osmosis
pressure across the membrane, whereas the salt flux is proportional to the concentration
difference and independent of the pressure. The reverse osmosis process can treat large
quantity of wastewater, and effluent arsenic concentration can also be reduced to very

low level. But this process is not selective, all contaminant ions and most dissolved non-
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ions are also removed, and because it is one kind of membrane process, membranes are
prone to fouling and a high level of pretreatment is required.

Rare reports have been found on arsenic treatment by solvent extraction[Baradel,
et al., 1986; Wai, Mok, and Shah, (1986), Rein, ef ai., (1961); Lyerly and Brerd, (1961)],
and almost all the existing papers describing the arsenic extraction were based on
analytical point of view. See Table 2-1. In application, Baradel et al. used 2-ethylhexyl-
alcohol (2EHA) as the extractant to extract arsenic in 1986, they found that 80-85% of
removal efficiency could be achieved in three stages with an organic/aqueous ratio of 5/1
and a very high sulfuric acid concentration in the aqueous phase (200g/1). NaOH
solution(5%) was used as the stripping phase. Severe operating conditions restricted its
industrial application, but it gave some background for the emulsion liquid membrane
process.

Although there is a great deal of interest in emulsion liquid membranes in
academic research, up till now, no paper has been found about arsenic removal by EL Ms.
Because there existed chemistry of solvent extraction for arsenic, together with the
matured double emulsion technique, application of emulsion liquid membrane to arsenic
treatment is very much interested. The objectives of this study are to find out the
workable extractant-surfactant systems and their operating conditions, to determine the
extraction mechanism of arsenic and to investigate effects on the mass transfer operation
from the external phase to internal phase by parameters, such as formula of the emulsion,

external extraction conditions, internal stripping conditions, etc..



Table 2-1 List of the Previous Work on the Extraction of Arsenic

al, 1961

Catechol in
Benzene

High HCI solution
(8-10N)

Author Extractant Extraction Efficiency | Stripping
Condition
| Baradel, A. et | Long Chain 1-10g/L of As total | 80-85% Na(OH)
al, , 1986 Alcohol H,80,
2-Ethylhexyl solution(200g/L)
Alcohol (2EHA)
in TBP
Wai, C.M.et al, | Ammonium 1g/L of As total 100% HNO;
1986 pyrrolidinecarbodit | pH=1-1.5
hioate(APCDT) or
diethyldithiocarba
mate(NaDDTC)
in Chloroform
Rein, L.E. ef al, | (Propyl, Butyl, Not given around Not given
1961 Hexyl) Amine High HCI solution | 50%
Complexes (5N HCI)
Lyerly,L.A. er | Catechol or 1.0g/L of Astotal | 80-100% | Not given

The arsenic solution(feed) was prepared by dissolving the arsenic trioxide( Sigma

2.3 Experimental

Chemical Co.) in a sodium hydroxide( Aldrich Chemical Company ) solution. pH was

adjusted by adding a sulfuric acid solution and then the arsenic(IIl) solution was diluted

to 100 ppm (Approx.) for further usage. The emulsion consisted of membrane and

internal phases. The membrane phase was formulated with a diluent, such as heptane(

Fisher Scientific ), Exxsol D-80 and Isopar M (Exxon Chemical Company ), a carrier,

such as 2-ethylhexyl alcohol (2EHA, Aldrich Chemical Company ), and a surfactant, such

as ECA4360J( Exxon Chemical Company ). See Figure 2.1 for their chemical

structures. ECA4360] is a nonionic polyamine with a molecular weight of about 1800.
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The typical volume fractions of three components in the membrane phase were 83:10:2.
The emulsion was prepared by adding the internal aqueous phase{ 0.5-2.0 N NaOH ) in
the formulated membrane phase at a ratio of 1/9-1/5, and then emulsified by use of a
Warring blender for 30 minutes at the fixed agitated speed of 10,000 rpm, then cooling
down to room temperature. The emulsion was freshly prepared each time before the
permeation experiment.

The prepared emulsion was then dispersed in an agitated vessel with the feed
arsenic solution in a volume ratio of 1/5. Agitated speed was controlled at 300 rpm(others
if indicated) and detected by a digital stroboscope( Cole-Parmer ). pH value was
measured by pH meter (PHCN-31, OMEGA), and samples were taken periodically for
further separation, dilution and instrumental analysis. Inductively coupled plasma-mass
spectrometry( ICP-MS, VG PLasma Quad, VG Elemental Limited ) was used for
quantitative analysis.

C,H;

CH3~(CH27, —LH- H>-OH
H3-(CH2)3 CHa 2-ethylhexyl alcohol(ZEHA)

CH3 CHj3 H O

Ldo 1
AN
CH3 CLh H2C-C .

<

Figure 2.1 Chemical Structures of 2EHA and ECA4360J

N-(CHzCHaNH)x-C-CH,

ECA4360J)



Equilibrium data were achieved by extraction and stripping experiments in
separatory funnels. Extraction was conducted in O/A = 2:1 when the organic phase was
formulated as 90 v% of heptane and 10 v% of 2EHA, and the aqueous phase contained
100 ppm of arsenic in 0.2 M sulfuric acid solution. Stripping was conducted in A/O = 1:1
where the stripping phase was a 1.0 N NaOH solution. Both extraction and stripping were

conducted in closed vessel with magnetic stirring for 24 hours.

2.4 Mechanism

Baradel's work proved that arsenic can be extracted by 2EHA in an acid solution and
stripped by an alkali solution, and the higher of the acidity in the extraction phase and the
higher of the alkalinity in the stripping phase, the higher is the removwal efficiency of
arsenic. All these facts substantiated the possibility of arsenic removal by application of
an emulsion liquid membrane(ELM), because one of the advantages of ELM is to
separate two aqueous phases with extremely different conditions by an organic membrane
phase. Thus, the extraction and stripping of the arsenic can happen simultaneously at
interfaces of either side of liquid membrane. A surfactants, such as ECA4360J, is used to
stabilize the liquid membrane. A extractant, such as 2EHA, acts as the carrier to transport
arsenic from the external aqueous phase to the internal aqueous phase.

The dissociation of three proton ions of arsenic acid is at pH=2.25, 6.67 and
11.52(refer to K;=5.6*10-3, K,=1.7*10"7 and K,=3*10-12 respectively), that means arsenic

exists as HyAsO; in a strong acidic solution, such as 0.2M H,SO, and exists as AsO,? in
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a strong alkali solution, such as IN NaOH solution, together with the assumption of

2EHA acting as basic extractant, the postulated mechanism of arsenic transport by the

ELM is follows:
Extraction:
nROH + AsQO;3 + 3H* ===== (H,As0;)*(ROH), (2.1)
Organic Phase Aqueous Phase Organic Phase
Stripping:
H;A50,)*(ROH)y + 30H- ===== nROH + 3H,0 + AsO;-3 (2.2)

Organic Phase Aqueous Phase Organic Phase  Aqueous Phase

Excess hydrogen ions in the external phase and excess hydroxide ions in the
internal phase are used as driving force to pump arsenic ions across the membrane so that
recovery can be achieved. Although this mechanism has not been fully proven in this
dissertation, it is consistent with our results, as well as the results obtained by others who
have studied liquid-liquid extraction.

The distribution coefficient (m)of arsenic in the membrane phase and the external
phase increases with acidity of the external phase and the concentration of 2EHA in the
membrane phase.

From chemical equilibrium of equation (2.1)

Keq = [(_};{:Asoa):(ROH)q
[H']' ¢[AsO 3]s [ROH]"

(2.3)

e [(H3As03) ““EROH)"] = Keqe[H'] «[ROH]"
[AsO™3]
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The exponential of proton ion concentration must be 3 due to the chemical ion
charge balance. The value of n, order of ROH concentration, should be determined
experimentally. The result shows in Figure 2.2. It may be found that the distribution
coefficient m ranges from 0.16 to 0.59 when 5 to 100% volume fractions of 2EHA in the
membrane are applied, other experimental conditions are shown on the figure. After
regression, n is found at around 1/3, which implies the solute-carrier complex is in the
form of 3(H;AsO;)*(ROH). But, the chemical structure of this complex can't be easily
figured out and so that further investigations are needed. However, this coefficient is
useful for calculating some parameters, such as diffusivity for model prediction.

ECA4360], as a nonionic polyamine, has been used as the surfactant to stabilize
the double emulsion, Its advantage of preventing serious swelling has been proven by
many researchers[Nakashio, Goto, Matsumoto, and Kondo, (1988); Qian, Ma, and Shi,
(1989)]. It is sparingly soluble in water[[Draxler, Furst, and Marr, (1988)], and shows
high chemical stability, especially against bases[Zhang and Xiao, (1990)]. The dosage of
ECA4360] in the membrane phase was optimized at around 3wt% to overcome the
emulsion break-up and swelling problems[Nakashio, (1993)], which reflected to about
2v% in our experimental conditions. Thus, 2 v% of ECA4360] was chosen for all our

experiments.
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0.1

0.1 1 10

Concentration of 2EHA in Organic Phase Caena(mol/L)

Figure 2.2 Determination of Arsenic-2EHA Distribution Coefficient

Aqueous phase: 10ml, Initial As Concentration: 85.90ppm, acidic strength: 0.2 M H,SO;4
Organic phase: 20ml, Extractant: 2EHA, Diluent: Heptane, 2EHA Conc. see figure
Experimental condition: magnetic stirring in closed vessel for 24 hours at room temp.
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2.5 Results and Discussion

2.5.1 Effect of 2EHA Concentration on As Removal via ELM

The concentration of 2-ethylhexyl alcohol (2EHA) in the membrane phase was
investigated. The experimental results are shown in Figure 2.3. Both extraction rate and
removal efficiency increase as the concentration of 2EHA increases from 5v% to 10v%.
But, with further increase to 50v%, the dimensionless arsenic concentration drops at a
quicker rate initially, and rebounds after 5 minutes. These phenomena can be explained as
that the high-concentration extractant is helpful to increase the extraction kinetics and
solubility of arsenic from the external aqueous phase to the organic membrane phase,
both facts will accelerate the removal rate. However, emulsion liquid membranes have
their own characters, such as swelling and break-up. High-concentration 2EHA would
help transport ol water from the external phase to the internal phase which causes
swelling. [f swelling is very serious, internal droplets will enlarge in volume so as to have
a possibility to break the outside membrane when the membrane-internal interfacial
tension can't resist. Break-up causes instability of the emulsion and liberty of already
extracted arsenic into the external aqueous phase. It could be visualized that the emulsion
was unstable when 50v% 2EHA was used, but was very stable in the cases of 5v% and
10v% extractant. Further, due to its low price, nontoxity and physical and chemical
stability, 10v% of 2EHA in the membrane phase was used for all following experiments,
because it gave faster extraction rate and higher removal efficiency when compared to

Sv% concentration.
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Figure 2.3 Extraction of Arsenic by ELM, Effect of Carrier Concentration
Ve=500ml, Co=100ppm{Approx.), 100ml Emulsion, 300rpm, 0.1M H2804
Emulsion: 20v%NaOH(1.0M), 2v% ECA4360, 2EHA(see above), rest: Heptane
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2.5.2 Effect of External Acidic Strength
Acid strength in the external phase was adjusted by use of a sulfuric acid, and its effect is
shown in Figure 2.4. With the increase of sulfuric acid concentration from 0.1M to 0.4M,
arsenic removal efficiency increased from 78% to 92%, and the permeation rate increased
too, implying high acidity beneficial to transport. The reason is that high proton
concentration moves the extraction equilibrium forward (see extraction equation). In
other way, it can also be explained by the positive effect of proton concentration on
distribution coefticient m. Therefore, a relative higher concentration of the complex at the
external phase-membrane interface is achieved that enlargers its permeation driving force
into the membrane-internal phase interface when arsenic is stripped. However, the
increase of {H,S0,] will cost more money, increase difficulty in operation and is also
harmful to surfactant since it decreases emulsion stability. Thus, [H,S0,] =0.2-0.4(M) is
a suitable range for the arsenic removal process.

We also tried chloride acid instead of sulfuric acid, the experiment showed worse
performance when same acid strength was used. It can be interpreted that chloride acid

may react with ECA4360J so as to destroy the emulsion stability.

2.5.3 Effect of Internal Alkali Strength

Internal alkali strength was adjusted by use of the sodium hydroxide, and its effect on
ELM performance is shown in Figure 2.5. The higher the alkali strength, the better the
stripping. Arsenic removal efficiency increased from 72% to 92% at the extraction time
of 15 min. when [NaOH] was increased from 0.5N to IN. However, the efficiency

increased slightly when [NaOH] was further increased to 2N. the results implied that



