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Abstract—Removal of cadmium ion by using a hollow fiber module is investigated experimentally, and organic
extractant is applied to enhance the removal rate. The roles of pH, flow rates of the aqueous phase and the organic
phase, initial concentration of cadmium ion and coexisting metals are investigated to find an optimum operating
condition of the module. The experimental outcome indicates that the best performance is yielded with pH of 4 and
the flow rate of aqueous phase in tube side flow controls mass transfer rate. In addition, the initial concentration of
100 ppm gives the best removal. Effect of coexisting component is negligible except Zn and Cu when both of them
are present at the same time.
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INTRODUCTION Hollow fiber modules have widely been applied to remove phe-
nol, precious metals and heavy metals. Cichy and Szymanowski
Heavy metals, such as chromium, cadmium, copper, zinc angR002] studied the recovery of phenol using extractants of Cyanex
nickel, are contained in industrial waste water, which pollutes thed23, Amberlite LA-2 and trioctylamine (TOA) in the module and
environment and strongly affects human health; the prevention ofound that Cyanex 923 gives the best performance. Palladium, plat-
environmental pollution has actively been studied. Techniques tanum and rhodium were recovered from spent automotive catalytic
separate heavy metals from the industrial waste water include presonverters using the hollow fiber module and Cyanex 471 and Ali-
cipitation, ion exchange, adsorption electro-dialysis and filtration, quat 336 as carriers [Fontas et al., 2002]. In another study, mercury,
but these have limitations on selective separation and heavy cost abpper, lead and cadmium were extracted from phosphoric acid with
investment and operation of equipment. In order to solve theses prothe module and the carrier of Cyanex 302 [Koopman and Wit-
lems, membrane separation has been widely investigated recentlgamp, 2002]. The hollow fiber was also implemented in the sep-
Though the membrane process has difficulty of solid removal, memaration of gas [Park et al., 1999].
brane fouling and separation efficiency drop for long time applica- In this study, the extractive separation of cadmium from mixed
tion, the structural characteristic that two different flows are totally solution containing various heavy metals is investigated. The extrac-
separated prevents channeling and loading. In addition, the phystant used here is di-(2-ethyl hexyl) phosphoric acid (D2EHPA) with
cal and chemical stability of membranes is high, and treatment obrganic solvent of n-heptane. Flow rates of organic and water phases,
membrane solution is simple. Because of high interfacial area pgpH and concentration of solution are varied to find an optimal op-
unit volume, mass transfer rate is high-more than ten times as fastration condition. In addition, the effect of coexisting metal com-
as that of a direct contact liquid extraction process. Therefore, roonponents on the removal of cadmium is examined.
temperature operation is available to handle heat-sensitive material.
Also, the equipment is simple so investment and operation costs EXPERIMENTAL
are reduced. Recently, the practical utilization in the fields of ultra-
pure water, waste water treatment, heavy metal removal, gas sepa-The hollow fiber module (Hoechst Celanese, U. S. A., model:
ration and concentration, pharmaceutical purification, bio-medicalLiqui-Cel Extra-Flow) having size of 2.5 inches I. D. and 8 inches
application and metal refining has been widely studied. O. D. is used in this experiment, and it is stable in acid, alkali and
The removal of cadmium by using a modified activated carbonorganic solvent. The characteristic property of the module is listed
fiber was investigated by Rangel-Mendez and Streat [2002]. Elec-
trochemical oxidation was applied to the surface of the fiber, and gable 1. Specification of hollow fiber module
significant increase of cadmium uptake was yielded. Unlike other

surface oxidation techniques, the electrochemical treatment does rlger potting material ZZA?:Lyn?thylene
not deteriorate the physical property of the fiber for prolonged im- Iéﬁéctive ore size 0.08m
plementation. Instead of membranes, a strong-base anion exchange ) P '
resin was utilized in the removal of cadmium and cyanide com-  Forosity 40%
plexes from synthetic wastewater [Kim et al., 2001]. Wall thickness 28m
Module I. D. 8cm
*To whom correspondence should be addressed. Module O. D. 28 cm
E-mail: ynhkim@mail.donga.ac.kr Number of fibers 10000
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in Table 1. An experimental setup built by Hoechst Celanese is uti
lized here. Because the hollow fiber is hydrophobic, inside pres
sure is set at 5 psi higher than outside in order to prevent the di
persion of organic phase to aqueous phase. Flows of the orgar
phase in the shell and that of the water phase containing heavy m
tal in the tube are countercurrent. A brief schematic of experimen
tal setup is depicted in Fig. 1.

RESULTS AND DISCUSSION
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Fig. 1. Experimental setup.
1. Hollow fiber module 7. Pressure gauge
2. Agueous phase reservoir 8. Rotameter
3. Organic phase reservoir 9. Aqueous phase inlet

4. Stirrer 10. Aqueous phase outlet
5. pH meter 11. Organic phase inlet
6. Pump 12. Organic phase outlet
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Fig. 2. Effect of pH on equilibrium distribution after 60 minute
extraction.
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Fig. 3. Effect of pH on outlet concentration of aqueous phase

The effect of acidity of aqueous phase on cadmium extraction is
examined from the experiment of equilibrium distribution, and the
outcome is shown in Fig. 2. The distribution coefficient is of or-
ganic phase concentration to aqueous phase. The initial cadmium
concentration of aqueous phase is 0.1 g/L, organic phase contains
0.05 mol D2EHPA, and the extraction time of 60 minutes is pro-
vided. The highest distribution is found at pH of 4, which is the op-
timum condition. Again, the same outcome is shown in Fig. 3. The
outlet concentration of cadmium ion in aqueous phase becomes the
lowest with the pH of 4 in the shortest time. The equilibrium dis-
tribution affects the capacity of cadmium removal. Though the dis-
tribution at 4.5 of pH is smaller than that at 4, the capacity is suf-
ficient enough to remove the cadmium from aqueous phase. Un-
less the distribution at 5 drops to the level of 2 or 3, the removal
capacity is sufficient. After 60 minutes, the concentration remains
constant to indicate that the removal is complete.

The role of pH in the equilibrium distribution with D2EHPA is
different for various species of ions. For example, silver has the high-
est distribution between 2 and 3 in pH [Gherrou et al., 2002], cobalt
and nickel have above 3.5 and 4.5, respectively [Zhang et al., 1999],
copper has at 5 in pH [Juang and Huang, 1999] and manganese has
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Fig. 4. Effect of initial concentration of cadmium ion.
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Q. and organic phase is with Q 4 Cd-Cu

) . ) . Fig. 7. Removal efficiency in various mixed solutions.
at 5.5 [Devi et al., 2000]. The result of this study with cadmium

ion giving the highest distribution at 4 in pH shows a comparable
outcome to the previous studies. ganic phase and the overall mass transfer is controlled by the trans-
The effect of cadmium concentration in agueous phase is exanfer at the aqueous phase. Therefore, the flow rate of aqueous phase
ined, and the result is shown in Fig. 4. In the cases of 50 ppm andiffects the overall mass transfer rate while that of organic phase does
100 ppm of the initial concentration, the removal performance isnot. The mass transfer coefficient displayed in the figure is calcu-
similar for the organic extractant concentration of 0.05 mol/L. How- lated from the estimation equation for hollow fibers [Dahuron and
ever, the higher concentration of 100 ppm is adopted here becauseussler, 1988].
it gives higher amount of throughput. With 200 ppm, the removal The role of coexisting metal ions in the removal of cadmium ion
is incomplete because of the lack of removal capacity. is investigated as shown in Fig. 6. Except the case of zinc and cop-
The effect of stream flow rate on mass transfer is given in Fig.per coexisting with cadmium, the completeness of removal is almost
5. Agueous phase is denoted witre@d organic phase is with.Q  the same. With zinc and nickel ions the removal rate is the highest,
The closed circles indicate the increase of mass transfer rate withut the completeness is similar to others. The outcome of the figure
raised flow rate of agueous phase while organic phase maintains atdicates that the effect of coexisting metal ions is not notable in
the flow rate of 30 mL per minute. The open circles and closed tri-the cadmium removal.
angles are of varying flow of organic phase with the constant aque- The completeness is described as removal efficiency and dem-
ous phase flow indicated in the figure. While the flow rate of or- onstrated in Fig. 7. Because the efficiency is not affected from the
ganic phase does not affect the transfer, higher aqueous flow inducesexisting metal ions, it is noticed that the cadmium can be sepa-
the increase of mass transfer. From the fact that the equilibrium digated from a mixed heavy metal solution with hollow fiber system.
tribution shows higher concentration at organic phase, it is knowrn case of coexisting zinc and copper ions the removal efficiency is
that mass transfer at the aqueous phase is much slower than the thre lowest, though the difference among various combinations of
coexisting ions is not significant.

10 CONCLUSION
0.8 1 :.o: gj -7n Hydrophobic hollow fiber module is implemented in the separa-
—v— Cd-Ni tion of cadmium ion from various heavy metal solutions. An or-
0.6 1 N 83 g: Ni ganic extractant of D2EHPA and a solvent of n-heptane are uti-
8 —o— Cd-2Zn-Cu lized to form the organic phase of the system. The effects of hydro-
S 044 —— Cd-Ni-Cu gen ion concentration, stream flow rates and coexisting metal were
experimentally examined with the following outcome.
0.2 The hydrogen ion concentration at pH of 4 gives the best remov-
al performance. The flow rate of aqueous phase controls the mass
0.0 transfer while organic phase flow does not show difference. The
effect of coexisting metal ions is not so significant that the proposed
" T T " T " " system is useful to separate the cadmium from a mixed heavy me-
0 30 60 90 120 150 180 tal solution.
time (min)
Fig. 6. Effect of coexisting metal ions. ACKNOWLEDGMENTS
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