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Abstract

The aim of this study is to demonstrate the potential of Cr(VI) generation during jigging operation applied for ferrochrome recovery from
slag. The Cr(VI) concentratienof water contacted with ferrochromium slag (W/FS =10) in a closed cycle after 50 batches were found as
0.61 mgl/l. Also, reduction of Cr(VI) to Cr(Ill) and a subsequent precipitation of Cr(lll) by using ferrochrome slag (FS) in a model solution has
been aimed. The effects of amount of acid, contact time, FS dosage, initial Cr(VI) concentration and temperature on the Cr(VI) reduction have
been studied through the batch runs. The amount of acid has been found to be the most effective parameter affecting the Cr(VI) reduction. ,
10 g/l FS dosage and 3.5 ml/LBO, (5 M) are sufficient to reduce all Cr(VI) in the model solution containing 10 mg/l Cr(VI) and for contact
time of 60 min at 25C. In reduced solutions, precipitation of metal ions has been studied by using extra FS. A 60 g/l dosage of fresh FS can
precipitate all Cr(lll) and Fe ions in the reduced solution. Thus, it has been demonstrated that the treatment of jigging water stream to be
generated in a ferrochrome plant containing Cr(VI) can be accomplished by using ferrochromium slag and sulphuric acid. Also, it has beer
determined that solid residues of the process are environmentally stable by applying TCLP test.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction amount ratio in smelting varies from 1.0 to 1.8, depending
on raw material$l].

Ferrochromium is a master alloy of iron and chromium, Slag is discarded as a waste material in enormous quanti-
containing 45-80% Cr and various amounts of Fe, C and otherties during the ferrochrome production. A relatively small
elements. Ferrochromium is produced pyrometallurgically percentage of this material finds application, but the vast
by carbothermic reduction of chromite ore (FEBO03). majority of material generated each year is held in dumps
The main slag additives used are quartzite and aluminiumand as land disposing costs increase, new disposal options
oxide containing materials to compensate for the high mag- are needed. As an alternative to land disposal, considering
nesium content in certain ores, and magnesium and calciumchemically inert and safe, slag has been used as construction
oxide containing materials for aluminium rich ores. The fer- materials and aggregate due to its excellent technical material
rochromium slags consist mainly of SiQA\l,03 and MgO in propertied2-4].
different phases such as spinel, M@Q»O3, and forsterite, Alternatively, reclaiming ferrochromium metal entrapped
MgO-SiOg, but also smaller amounts of CaO, chromium and in slag seems to be economic. In order to recover metal,
iron oxides and metal fragments. The chromium content in slag has been crushed and subjected to wet magnetic and
slags is 2-12%, in oxide and metal form. The slag/metal gravimetric methodgL,5]. All of these might be good ideas,

however, slags can contain high levels of extractable toxic ele-
mpondmg author, Tel.: +90 424 2370000/3643; men_ts Wh_ich could pose environmental problem. In a study
fax: +90 424 2415526. dealing with the process water of metal recovery from slag,

E-mail address: ftumen@firat.edu.tr (F. Tmen). it has been reported that Cr has been detected as chromate in

0304-3894/$ — see front matter © 2005 Elsevier B.V. All rights reserved.
doi:10.1016/j.jhazmat.2005.06.017



M. Erdem et al. / Journal of Hazardous Materials B126 (2005) 176—182 177

the processing water, which may create chromium pollution 2. Materials and methods

[6]. In another study, it has been reported that milling prac-

tice of ferrochromium slag could alter the oxidation state of 2.1. Material

chromium and cause the threat of Cr(VI) releadii On

the other hand, it has been indicated that other solid waste2.1.1. Ferrochromium slag

such as bag filter dust or its sludge produced during the Ferrochrome slag (FS) samples were provided from glazi
ferrochromium production contain high levels of soluble hex- Ferrochrome Plant of Etiholding (Turkey). FS was crushed
avalent chromiunj8—11] Since these materials are consid- to <1.2 mm (16 mesh). A portion of crushed FS sample was
ered as hazardous pollutants, their fixation and stabilization grinded and screened from a 200 meshy(#9 screen. Both
characteristics have also been studie2-15] The produc- FS samples (<16 and <200 mesh) were used for obtaining
tion of ferrochromium and stainless steel has been mentionedmodel outlet water of jigging. Less than g5 fraction (<200
among the greatest contributors to atmospheric emission ofmesh) of FS was used for Cr(VI) reduction study. The XRF
chromium[16]. These facts show that ferrochromium pro- analysis of FS sample was givenTable 1

duction is a source of Cr(VI) pollution which can threat the
environment.

Chromium contamination of soil and water is a sig-
nificant problem since hexavalent form of chromium is
highly toxic, mutagenic and potentially carcinogenic to liv-
ing organismg17,18] The most stable oxidation states of
chromium are Cr(Ill) and Cr(VI) in agqueous systems. The
trivalent chromium is quite immobile in the water environ-
ment because of limited solubility of its hydroxide, which is  2.2. Methods
readily formed in the pH range of natural waters. Because
of the benign character of Cr(lll), detoxification and immo- 2.2.1. Model of jigging outlet water
bilisation processes of Cr(Vl) is based on its reduction to  A5|of tap water was mixed with 500 g of crushed original
Cr(lll). Conventionally, the reduction of Cr(VI) is performed  FS sample [W/FS ratio (w/w) = 10]. This mixture was recip-
by using SQ and sulphite salts and ferrous sulphate in the rocally shaken for 2 h. The water was separated from solid
treatment processes practig&8—22] by decanting. The water obtained at washing operation was

For hexavalent chromium treatment of ferrochromium mixed with a fresh portion of FS in the ratio of 10. This mix-
recovery process water, Fep@duction and coke adsorp- ture was shaken for 2 h. A 50 ml water sample was pipetted at
tion processes have been applied as a model sol[&Joim the end of each fifth batch. This procedure was sequentially
the mentioned study, chromium reduction properties of fer- repeated 50 times by keeping the W/FS ratio of 10 and con-
rochromium slag have also been found out. This fact brings tacttime of 2 h. Water samples drawn at every fifth stage were
to mind the idea that the treatment of jigging water contain- subjected to pH measurements and Cr(V1), total Cr and Fe
ing Cr(VIl) may be accomplished by using ferrochromium analyses. This test was also repeated for grinded FS sample.
slag. It is worthy to investigate Cr(VI) reduction by using
ferrochromium slag which contains iron and chromium
mostly in metallic state as reductants. Further, oxide and
silicate matrix of slag may partly adsorb chromates. Addi-
tionally, after reduction, in a following step another por-
tion of slag may be used to neutralize the reduced solu-
tion in order to precipitate Cr(lll) formed. That this waste
has no cost and is readily available material in the fer-
rochromigm plal_ﬂt may constitu_te an advantage. With €CO- o[yFe yCr] + (x+y)Cr2072* 4 14(x + y)HT
nomic point of view, in our earlier works, we have studied
Cr(VI) reduction by some solid reductants such as copper — 2xF€*" +2(x+2y)Cr** + 7(x + y)H20 1)
smelter slag[23], steel wool[24], pyrite [25], synthetic
iron sulphide[26] and sideritg27] which are cheap mate- 1 pe1

2.1.2. Cr(VI) solutions

A 1g/l Cr(VI) stock solution was prepared by using
K2Cr0y7. All working solutions in different concentrations
were prepared by diluting the stock solution with distilled
water.

2.2.2. Hypothesis of reduction process

Our preliminary tests showed that Cr(VI) could be reduced
in the aqueous solution by slag in acidic conditions. The
reduction of hexavalent chromium by metallic components
of slag in acidic solutions can be expressed by following
equation:

rials. Chemical composition of ferrochromium slag (FS) sample
In this study, the use of ferrochrome slag for the reduc- -gnstituent %

tion of Cr(VI) in the outlet water of ferrochrome reclaiming L0

process was explored. For this purpose, firstly, chromium dis- , 5.20

solution from ferrochromium slag contacted with water was sio, 28.89

tested. Then, amounts of sulphuric acid and ferrochromium Al203 29.64

slag on the reduction of Cr(VI) in a hypothetic model outlet '(\:"38 3%)-55%)

water were studied.
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