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Abstract

In this study, the X-ray absorption near-edge structure shows that poisonous Cr6+ in the laboratory wasteliquid were

reduced to Cr3+ by adding Fe2+ at [Fe2+/total metal, mole ratio higher than 4:1. The X-ray diffraction analysis shows

that greater the [Fe2+/total metal] mole ratios used (such as 6:1, 10:1, 20:1 and 30:1), the more spinel-structured ferrites

were formed (0.26, 0.30, 0.48 and 0.59). When [Fe2+/total metal] mole ratio was larger than 20:1, the saturation

magnetization and coercive field were about 5.21 emu/g and 6.2 kOe, respectively. The ferrite precipitates could be

recovered as magnitude materials. However, the TCLP test result was beyond the standard of EPA when the [Fe2+/

total metal] mole ratio was 30:1. The optimum operation for the laboratory wasteliquid by ferrite process in the [Fe2+/

total metal] mole ratio was 20:1.

r 2006 Elsevier Ltd. All rights reserved.
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1. Introduction

Laboratory wasteliquid is of multiple varieties, is

available in small quantities, ambiguously classified,

which makes it very difficult for contractors to dispose

them of. Most laboratories use storage tanks to store the

wasteliquid residues left from experiments. Within a few

years, it will become a serious problem on campuses,

and many schools have no choice but to encounter.

Many studies have been made on removing heavy

metals in solution (McNeill and Edwards, 1997;

Mandaokar et al., 1994; Benjamin et al., 1982). In the
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ferrite process, Fe2+ would be partially oxidized by air

to produce Fe3O4 in alkaline solution (Barrado et al.,

1998). The heavy metals such as Ni, Mn, Mg, Zn, Cr

and Pb could be involved into the lattices of the ferrites

to form the spinel-structured ferrites by the oxidation of

Fe2+. Thus, the ability of recovering heavy metals and

forming magnetic precipitates make the ferrite process

suitable for treating laboratory wasteliquid.

X-ray absorption spectrum (XAS) is very useful in the

identification of the environment, degree of aggregation

or location of metal elements (Yamashita, et al., 1996;

Stern et al. 1995; Gaskell et al., 1982). X-ray absorption

near-edge structure (XANES) holds out the possibility

of obtaining new information, both electronic and

structural. In this study, XANES could be used to

observe the change of valence between Cr6+ and Cr3+
ed.
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as well as the behavior of ferrite formation in the

process. Spinel structure and magnetic properties of

ferrite were also studied by X-ray diffraction (XRD)

spectroscopy and vibrating sample magnetometer

(VSM). The stabilization efficiency of the ferrite process

was evaluated from the TCLP test.
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Fig. 1. Chromium XANES spectra of (a) original laboratory

wasteliquid, and laboratory wasteliquid by ferrite process at the

[Fe2+/total metal] mole ratios of (b) 1:1, (c) 4:1, (d) the

standard spectrum of K2Cr2O7 and (e) the standard spectrum of

Cr2O3.
2. Experimental

2.1. Materials

The laboratory wasteliquid containing various heavy

metals were obtained from a university in Tainan. The

chemicals (FeSO4 � 7H2O, NaOH) were analytically

graded.

2.2. Apparatus

Many instruments were used in this experiment, e.g.,

pH meter (Metler Toledo, InLab 415), oxidation–reduc-

tion potentials (ORP) meter (Metler Toledo), oven

(Memmert), heater (Thermalyne, Cimarec3), vacuum

filtration apparatus, thermal-control meter (Fargo

Instruments, CA-400) and XRD (Siemens, D5000).

A vibrating sample magnetometer (VSM, DMS 1660)

operating at room temperature with applied magnetic

fields up to 16,000Oe was used to measure the magnetic

properties of each type of the metal particles.

XANES spectra of the samples and model com-

pounds such as K2Cr2O7 (Aldrich, Chemical Company),

Cr2O3 (99%, Aldrich, Chemical Company), Cr foil and

FeCr2O4 (ferrite) were recorded on the Wiggler beamline

of the Taiwan National Synchrotron Radiation Re-

search Center (NSRRC). The standard deviation

calculated from the averaged spectra was used to

estimate the statistical noise and error associated with

each structural parameter.

The toxicity characteristic leaching procedure (TCLP)

test was carried out according to the EPA method of

Taiwan. A 5.0070.01 g dried precipitates generated

from ferrite process was extracted with appropriate

buffered acetic acid for 1872 h. The concentrations of

chromium, lead, copper and silver were analyzed by

atomic absorption spectrophotometer (AAS).

2.3. Procedure

The heavy-metal wasteliquid of laboratory was mixed

with different [Fe2+/total metal] mole ratio between 6:1,

10:1, 20:1 and 30:1 in the beaker. When mixed

thoroughly, the wasteliquid was adjusted to pH ¼ 9.

The condition of wasteliquid was detected by X-ray

absorption spectroscopic measurements. The contents of

the beaker was heated by water bath at 343K. At the

same time, the wasteliquid was aerated (the aeration rate
was 4L/min) and its oxidation–reduction potentials

detected using ORP meter. Finally, the precipitate

formed was separated from the liquid phase by vacuum

filtration apparatus and was put into the oven at 343K

for 8 h. The filtrates and the precipitates were subjected

to AAS analysis. The precipitates were analyzed by

XRD spectroscopy, VSM and TCLP test.
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3. Results

XANES (Fig. 1(a)) shows that the percentages of

Cr6+ and Cr3+ in the original laboratory wasteliquid

were 35% and 65%, respectively. The poisonous Cr6+

was not reduced to Cr3+ completely at [Fe2+/total

metal] mole ratio of 1:1 (shown in Fig. 1(b)). It can be

found that there still were 3% of poisonous Cr6+ and

97% of Cr3+ in the precipitates. All of the poisonous

Cr6+ were reduced to Cr3+ by adding Fe2+ at [Fe2+/

total metal] mole ratio higher than 4 (see Fig. 1(c)).
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Fig. 2. X-ray diffraction pattern of chromium ferrite collected by lab

(a) 30:1, (b) 20:1, (c) 10:1, (d) 6:1, (e) the standard spectrum of Cr2F
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Fig. 3. The hysteresis loops measured from precipitates generated fro

20:1 and (d) 30:1.
Cr6+ could be reduced to Cr3+ directly by adding

Fe2+ during the experiment. They could join together to

form Cr ferrites, which could be observed as Cr2FeO4 in

the X-ray diffraction pattern. Fig. 2(e) shows the

characteristic spectrum of Cr2FeO4. By using standard

spectrum to fit in, it can be found that there was a great

influence on different mole ratios of FeSO4. It can be

found in the XRD that the production rate of ferrite

at different [Fe2+/total metal] mole ratios such as 6:1,

10:1, 20:1 and 30:1 were 0.26, 0.30, 0.48 and 0.59,

respectively. Greater the [Fe2+/total metal] mole ratios
50 60 70 80

oratory wasteliquid at various [Fe2+/total metal] mole ratios of
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Table 1

Toxicity characteristic leaching procedure (TCLP) test results for the precipitates generated from laboratory wasteliquid by ferrite

process at various [Fe2+/total metal] mole ratios

Heavy metals Initial

concentration of

heavy metals in

the laboratory

wasteliquid (ppb)

TCLP test results for the precipitates generated by ferrite process at various

[Fe2+/total metal] mole ratios(ppb)

TCLP standards

of EPA (ppm)

6:1 10:1 20:1 30:1

Total chromium 343000.0 6671.0 104.0 862.0 13800.0 5.0

Lead 20.9 6.9 10.4 36.8 4.8 5.0

Copper 98.5 71.8 55.4 45.2 59.6 15.0

Silver 90.5 9.1 12.5 3.8 2.7 5.0
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were used, the more spinel-structured ferrites were

formed.

The hysteresis loops measured from precipitates

generated from ferrite at different [Fe2+/total metal]

mole ratios a shown in Fig. 3. When [Fe2+/total metal]

mole ratio lower than 6 contains 26% of ferrite, it had a

lower magnetization of about 3.49 emu/g and a smaller

coercive field of about 3.6KOe (is shown in Fig. 3(a)).

The saturation magnetic moment per gram and the width

of the hysteresis loops were increased with the ratios of

ferrite in the precipitates. When [Fe2+/total metal] mole

ratio was larger than 20:1 (contains more than 48% of

ferrite), the saturation magnetization and coercive field

were about 5.21 emu/g and 6.2kOe, respectively.

Although the saturation magnetization of the pre-

cipitates is good to be recovered as magnetic materials,

the stabilization efficiency of the ferrite process must be

evaluated from the TCLP test. The concentrations

of heavy metals in the TCLP extracts was shown in

Table 1. Most of them were in accordance with the

TCLP standard of EPA. It was worth to note that the

TCLP test result was beyond the standard of EPA when

the [Fe2+/total metal] mole ratio was 30:1. The

precipitates would be considered as hazardous waste.

Thus, the optimum operation for the laboratory

wasteliquid by ferrite process in the [Fe2+/total metal]

mole ratio was at 20:1.
4. Conclusions

The ferrite process can effectively remove heavy

metals from laboratory wasteliquid. Poisonous Cr6+

could be reduced to Cr3+ by adding Fe2+ at [Fe2+/total

metal] mole ratio higher than 4:1. The XRD shows that

the production rate of ferrite at different [Fe2+/total

metal] mole ratios such as 6:1, 10:1, 20:1 and 30:1 were

0.26, 0.30, 0.48 and 0.59, respectively. When [Fe2+/total

metal] mole ratio was 20:1, the saturation magnetization

and coercive field were more than 5.21 emu/g and

6.2 kOe, respectively. The wastes will be regenerated as
Cr ferrites and can be reused. In this study it is suggested

the ferrite process be applied to treat heavy metals from

laboratory wasteliquid and solve the serious problems

on campus.
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