
World Applied Sciences Journal 22 (5): 690-696, 2013
ISSN 1818-4952
© IDOSI Publications, 2013
DOI: 10.5829/idosi.wasj.2013.22.05.13180

Corresponding Author: Sokolov, Vologda State Technical University, ul. Lenina 15, Vologda 160000, Russia.
690

Use of Wastes of Grinding Industry for Cleaning of Chromium
Containing Effluent Waters 
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Abstract:Reduction of ions of hexavalent chromium using wastes of grinding industry has been studied. Flow
rates of various reagents applied for cleaning of chromium containing effluent waters have been calculated.
Reduction mechanism of chromium with oxidation degree up to Cr  by grinding sludge has been studied. It has6+

been established that the existence of film of adsorbed oil products on surface of fine sludge particles excludes
passivation of iron, possible in neutral and weak acid solutions and increases reduction rates of chromium ions
Cr . Technological flowcharts of cleaning of diluted and concentrated chromium containing effluent waters6+

using reagents obtained from grinding sludge of metal processing industries have been developed. A new
property of wastes has been introduced: reduction capacity. An equation has been proposed for determination
of reduction capacity of grinding sludge as a function of its properties and kind, concentration of Cr  ions in6+

effluent water and of reducing conditions. The values of reduction capacities of effluent waters of various
chemical processes are presented.

Key words: Grinding sludge % Reduction capacity % Chromium containing effluent waters

INTRODUCTION BaCrO  is readily precipitated in neutral or weakly acid

Chromium containing effluent waters, generated not widely applied due to high costs of barium
within electroplating processes, are among the  most  toxic compounds. Two-stage detoxification is widely used for
substances [1-3]. Therefore, the requirements to their cleaning of chromates. The reagent method is commonly
cleaning are very stringent. used abroad [4, 5] .
 Currently applied cleaning methods of chromium Let us consider some examples of frequently used
containing effluent waters can be divided into reagent, reducing agents within cleaning of chromium containing
sorption, ultra-filtration, electrochemical, dialysis and effluent waters (Table 1).
electrodialysis, ion exchanging and biochemical Table 1 shows two ways of expression of regent
processes. Each of them possesses certain advantages consumption: the first one in terms of reagent
and disadvantages and all methods applied currently on consumption per unit weight of chromium and the second
commercial scale are being improved. one in terms of weight of chromium reduced by unit

Reagent methods are implemented in continuous and weight of reagent. The latter value will be referred to as
batch units according to two approaches. The first reducing capacity of reagent (RC). The values of RC and
approach consists of two stages: reagent consumption per unit weight of chromium are

C Reduction of hexavalent chromium into trivalent form electrons released by reducing agent. Numerical value of
with subsequent precipitation as hydroxide; reducing capacity depends on the way of weight

C Direct precipitation of poorly soluble chromates. expression of reacting substances. RC is a dimensionless
 value within one and the same way of weight expression

In order to implement the second approach barium of oxidizing and reducing agents.
compounds are used. These reagents are as follows: solid  The available published data on reduction of Cr  to
barium carbonate, hydroxide or solution of barium Cr  show that the list of reducing agents can be
chloride. The finally obtained crystalline barium chromate significantly  expanded  due  to  application  of  numerous

4

medium and easily dewatered. However, this approach is

determined as a function of molecular weight and

6+

3+
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Table 1: Consumption of reagents used for cleaning of chromium containing effluent waters, in grams per 1 g of hexavalent chromium 

Theoretical Theoretical Theoretical Theoretical yield of anhy
Reducing Theoretical Theoretical reduction reduction consumption drous residue when applied
agent and consumption consumption capacity of capacity of of anhydrous for precipitation 
its chemical of anhydrous of commercial Actual anhydrous commercial sulfuric -------------------------------

No. formula reducing agents reducing agents consumption reagent reagent acid Soda, alkali lime

1. Iron sulfate, FeSO 8.8 11.2 16 – 32often 20 0.11 0.09 6.6 8.20 16.04

2 Metallic iron, Fe 3.2 3.2 - 0.31 0.31 12.2 8.1 20.4
3. Sulfur dioxide, SO 1.8 1.8 1.86 – 2.65 0.56 0.56 0.94 1.98 6.42

4. Sodium hydrosulfite, NaHSO 2.7 4.6 1.56 – 7.5often 6.5 0.37 0.22 2.2 1.98 8.13

5. Sodium sulfite, Na SO 3.6 7.2 2.24 – 3 0.28 0.14 3.75 1.98 9.82 3

6. Sodium sulfite, Na S O 1.7 2.0 - 0.59 0.50 2.90 1.98 7.52 2 4

7. Sodium pyrosulfite, Na S O 3.0 7.5 - 0.33 0.13 2.35 1.98 8.12 2 5

8. Hydrogen peroxide, H O 1.0 3.3 - 1.00 0.30 3.8 1.98 6.42 2

9. Caro's (monopersulfate) acid, H SO 3.3 3.3 - 0.30 0.30 3.8 1.98 9.82 5

10. Hydrazine, N H 0.5 0.7 - 2.0 1.43 - 1.98 -2 4

Table 2: Reduction capacity of effluent waters of certain chemical processes 

Product of Chemical formula COD of target RC of organic wastes in terms
No. chemical process of target product product, g/kg of 1 g of target product g/g 102

1. Methanol CH OH 0.16 - 1.75 3.5 - 37.83

2. Formaldehyde HCHO 0.42 - 2.1 9.0 - 4.5
3. Styrene C H CH = CH 2.34 - 5.13 50.6 - 110.96 5   2

4. Ethylbenzene C H CH - CH 1.889 40.86 5 2  3

5. Ethylene glycol CH OH - CH OH 8.7 188.12   2

6. Acetone  - O CH - C - CH 1.1 23.83    3

organic substances using catalytic properties of some conclusion about mutual influence of various groups of
metals and their alloys. For instance, the reducing agents organic compounds on the depth and direction of redox
can be presented by effluent waters of certain chemical processes. It is unknown under which conditions their
and petrochemical processes, as well as wastes of reducing properties will operate. It is necessary to
machine and bearing production [6]. Spent lubricating estimate consumption of reacting wastes used for
fluids (LF) of metal processing contain water soluble reduction of hexavalent chromium ions in effluent water
organic components and disintegration products of alloys and to prove experimentally feasibility of similar
and with proper background could be used as reducing processes. Therefore, within production of bearings and
agents of hexavalent chromium contained in effluent machinery, at metal processing plants there occur flows,
waters of electroplating plants. Existence of ions of other which carry both hexavalent chromium requiring reduction
heavy metals in its turn could promote increase in the rate (plating plants) and water soluble organic components, as
of catalytic transformations of organic water soluble well as their mixtures with metal disintegration products
components into actually insoluble ones, which would (grinding and assembling plants) with reducing
accelerate their elimination at effluent treatment plants. Let properties. In this regard it seems appropriate to estimate
us estimate the reducing ability of some organic reducing ability of grinding wastes and their components,
substances usually existing in industrial effluent waters to study properties of reducing wastes and to outline
and wastes. Table 2 summarizes calculated reducing technological flowchart of detoxification of chromium
capacities of effluent waters of certain chemical containing effluent waters using wastes. 
processes. Grinding sludge is separated from circulating LF

Let us compare the RCs of organic substances with during in-process cleaning in treatment facilities (magnetic
the RCs of inorganic reducing agents. separators, hydrocyclones), in sediment zones of
 Comparison of results in Tables 1 and 2 demonstrates circulation and sedimentation tanks. Solid fine phase of
that the reducing capacity of organic substances is by 1-3 this sludge is a mixture of à disintegration products of
orders of magnitude lower than that of inorganic reducing steel ShKh-15, abrasive tool (electrocorundum),
agents. As a rule effluent waters and wastes contain components of LF. Chemical composition of steel ShKh-
mixtures of organic substances. Thus, the wastes of 15, %: C 0.95…1.05; Si 0.17…0.37; Mn 0.2…0.4; S # 0.020;
grinding process can contain more than ten various kinds P # 0.027; Cr 1.3…1.65; Ni 0.30; Cu 0.25; Cu+Ni 0.50.
of organic and inorganic compounds. From available Composition of electrocorundum, %: Al O  93.5; Fe O
published data it is impossible to arrive at unique 1.56; SiO 1.68; TiO  2.63; CaO 0.58; MgO 0.17. In addition,

2 3   2 3

2  2
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Table 3: Properties of sludge from equalizing tank 

Content of mechanical impurities
-------------------------------------------

No. Sludge appearance Sludge density, g/cm Moisture, % Content of oil products, % % including iron, %3

1 Thick black paste 1.23 33.8 45.2 21.0 16.8
2 Evolving liquid with 2.26 31.8 46.1 22.1 16.2
3 Odor of metal 1.21 36.5 40.7 22.85 15.5

Table 4: Composition of iron sulfate obtained from grinding sludge 

Content, percent  
----------------------------------------------------------------------------------------------------------------------------------
Sulfuric acid Iron sulfate Insoluble residue Remark

20.3 79.3 0.4 Heterogeneous powder 

it has been revealed that equalizing tanks of emulsion difference of volumes of solution of Mohr's salt used for
effluent waters contain significant amount of sludge with
iron (Table 3). 

Iron content in such sludge is sufficiently high,
which requires consideration of its value-added use.

Despite the fact that iron in sludge preserves its
ability to react with acids, nevertheless, under the action
of simultaneously dissolving organic substances the rate
of these processes, iron oxidation depth and
physicochemical properties of its salts can vary
significantly. 

It has been experimentally demonstrated that already
collected in treating facilities grinding sludge can be
processed to marketable coagulant in crystalline form.
Composition of one of obtained powders has been
studied in the laboratory of Cherepovets metallurgical
plant (OAO Severstal) and is summarized in Table 4.

Increased content of free sulfuric acid in the
crystalline product is caused by the method of desalting
of crystals using increase in acid concentration in mother
liquor.

On an industrial scale the obtained crystals are
separated from mother liquor using centrifuge, at that acid
mother liquor is completely eliminated from the crystals.

Selection of method of determination of reducing
capacity (RC) of grinding sludge was based on necessity
to estimate on-line expected consumption of sludge for
reduction of concentrated chromium containing effluent
waters. The RC was determined as follows:

(1)

where M  is the sludge sample, g; N is the concentrations

of titrated solution of Mohr's salt, mole/l; K is the
adjusting coefficient determined by reference test as
volume ratio of solution of potassium bichromate to
solution of Mohr's salt used for its  titration;  )V  is  the

titration of reference and considered samples, ml; 17.3 is
the molar weight of chromium equivalent in reduction of
Cr  to Cr . g/mole.6+  3+

In order to estimate the reducing ability of
components of grinding sludge it was subdivided into
three subsystems: water - basis of LF; soluble in gasoline
oil products - non-polar and bifunctional components of
LF, products of their decomposition, machinery
lubricants; insoluble in gasoline dry residue - wastes of
metal, abrasive tool and solid products of LF
disintegration.  Water    evolved    from    sludge      had
pH = 7.5…8.0, dry residue 700 mg/l, calcined residue 2
mg/l, COD 287 mg/l, content of oil products 10 mg/l.
 As can be seen in Table 5, the RC of sludge for one
type of LF depends on iron content. Herewith, reducing
properties of sludge are determined by properties of
constituent components: iron and oil products. 

Compositions it was observed that under action of
chromium compounds only such organic compound of
sludge are destroyed, which were adsorbed on the surface
of metal particles. Another portion of organic compounds
of sludge is not destroyed and separated from the sludge
into individual aqueous phase in the form of unmixed with
water oil spots. Generation of film of adsorbed oil
products on the surface of sludge fine particles is
stipulated with oxidation of LF in the region of high
temperatures (1000-1200°C) during processing of metal
surface (steel ShKh-15) in emulsion layer. While firmly
adsorbing onto particle surfaces, oil products do not
actually detach from them even within processing of the
sludge.
 The grinding sludge contains oil products, used for
preparation of modern lubricating fluids and oil products
in commercial lubricants: sulfated diesel fuel oil 40 %,
chlorinated paraffin wax 10 %, sodium isopropyl salicylate
15 %, mono-, di-, tri-ethanol amines 20 %, carbonyl
compounds   10   %,   organic  alcohols  3  %,  tars  2  %.
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Table 5: RC of grinding sludge as a function of LF type

Sludge sampling Oil products soluble Dry residue insoluble Iron content in Iron content in in RC of initial RC of insoluble RC of oil products
No. point and LF type Moisture, % in gasoline, % in gasoline, % initial sludge, % soluble dry residue, % sludge dry residue from sludge 

1 Magnetic separators.
Soda nitrite solution 32±3 32±3 36±1 30±3 63±1 0.18±0.02 0.45±0.02 0.16±±0.02

2 Circulation tank.
Soda nitrite solution 51±8 19±1 23±6 15±3 85±10 0.09±±0.03 0.46±±0.03 0.15±±0.02

3 Hydrocyclones.
Synthal-2 emulsion 41±1 20±3 37±2 33±2 73±4 0.29±±0.02 0.48±±0.03 0.18±±0.04

4 Circulation tank.
Synthal-2 emulsion 27±1 33±6 35±1 16±2 75±5 0.19±0.03 0.52±±0.03 0.14±±0.1

Table 6: Chromium reduction completeness as a function of grinding sludge concentration 

Weight ratio of Weight ratio of chromium Existence of Cr  in the mixture6+

No. chromium to sludge to suspension medium at the end of reaction in % of initial 

1 0.42 0.016 33.8
2 0.36 0.016 33.8
3 0.33 0.016 36.2
4 0.25 0.016 0
5 0.19 0.016 0
6 0.14 0.015 0

Table 7: Parameters of complete reduction of hexavalent chromium ions

Weight ration of chromium to sludge pH after reduction Content of Fe , Fe , Cr (mixture of ions), g/l Amount of free acid, g-eq /l Amount of Cr2+  3+  3+           6+

0.25 0.55  4.0  5.0  0
0.19 0.45  4.6  6.0  0
0.14 0.65  5.1  7.0  0

Within processing of metal alcohols, ketones, aldehydes sludge was used as reducing agent within detoxification
and tarry  substances  are   formed  from  the  oil of mixture of concentrated chromium effluent waters from
products. The  degree   of   unsaturation   of   oil  products equalizing tank. The concentration of Cr  ions in effluent
(existence of olefinic links of functional groups, capable water was 1.3 g/l, pH = 2.45. The content of free acid in
to interact with hydrogen) in the sludge and obtained chromium discharge was 0.01 mole/l and the content of
after cleaning of chromium containing effluent waters trivalent iron 0.4 g/l. The completeness of transformation
using this grinding sludge  was  determined  cumulatively of hexavalent chromium into trivalent chromium was
by variation of bromine value. The bromine value of oil estimated qualitatively [7]. Column 2 in Table 6 shows
products before the use of sludge was by 80 % higher weight ratio of hexavalent chromium in effluent water to
than that of these oil products after the use of grinding sludge taken for reduction, containing 32 % of iron and
sludge for reduction of chromium containing effluent having RC = 0.31. Since the sludge was taken as
waters. suspension, column 3 in Table 6 indicates the weight ratio

Finally it should be mentioned that during long-time of chromium to mixture of emulsion effluent waters
storage of sludge in equalizing tanks of treating facilities containing 5 mg/l of iron, having free alkalinity 0.02 mole/l
its activity in terms of iron increased. The study of and RC = 0.001. As follows from Table 6, the weight ratio
activity of the mixture of grinding sludges, taken in of chromium to sludge, at which complete reduction of
circulation unit (sludge storage time from 1 week to 8 ions of hexavalent chromium is observed, is lower than
weeks), settling tank (sludge storage time 6-12 months), 0.33 and higher than 0.25. 
storage collector (sludge storage time 12 years) revealed Table 7 contains only such numerical values of the
that the RC of the considered sludge samples is 0.67, 1.00 parameters, which correspond to complete reduction of
and 1.36, respectively. taken chromium. 

The interaction between grinding sludge and After determination of parameters of reduced
concentrated chromium effluent waters was studied with
sludge samples taken directly from LF circulation units.
Grinding sludge from LF was prepared in the form of 3 %
suspensions mixed with emulsion effluent waters supplied
to treating facilities. The obtained suspension of grinding

6+

chromium water all remaining reaction mixture in 250 ml
flask was neutralized by crystalline soda in order to
preserve initial 10-fold degree of dilution of the reaction
mixture. The completeness of neutralization was
controlled by occurrence of flakes.
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C At completion of neutralization pH was 8…9. 

After occurrence of flakes residue started to settle.
Thesettlement was very quick and the solution became
transparent and colorless. In the obtained solution the
values of COD and content of Cr  were determined. Both6+

values in all tests were zero.
The results of the performed experiments show that

within reduction of chromium containing effluent waters
by grinding sludge not only 100 % elimination of any form
of chromium compounds is achieved but simultaneously
there occurs destruction of all kinds of organic
substances dissolved in water and accompanying sludge
suspensions in emulsion effluent waters and residue with
strong structure is formed [8]. Within reduction active
atomic hydrogen reacts with adsorbed oil products on
surface of the particles, which reduces the rate of gas
evolution. In addition, the oil products themselves act as
reducing agent of hexavalent chromium, forming complex
tarry structures. 

Occurrence of complex tarry products in the reacting Fig. 1: Balance flow sheet of reagent preparation and
mixture leads to decrease in hydrophilicity of the residue application of concentrated chromium
Cr(OH) , Fe(OH)  and Fe(OH) , which is generated within containing effluent water: 1 - equalizing tanks of3  2  3

subsequent neutralization of the mixture. After losing concentrated chromium containing effluent
hydrophilicity the residue is quickly compacted. water; 2 - equalizing tank of grinding sludge
Additional factor, which increases the rate of residue suspension; 3 - tank with concentrated sulfuric
compaction, is the existence of silicon oxide particles in acid; 4 - reactor tank; 5 - collector of oil
the sludge. Due to absorption forces the silicon oxide products; 6 - oil boiler; 7 - storage tank; 8 -
particles are aggregated with hydrophobizated residue. reagent collector; 9 – sludge storage; 10 -supply
This increases specific weight of the residue and hence, of concentrated chromium containing effluent
the settling rate. Tarry substances settle together with waters; 11 - consumption of effluent waters =
silicon oxide particles. 11.5 cu. m per day, chromium concentration – 3-4

Therefore, the experiments made it possible to g/l, pH = 3.2-3.5;12 - consumption of grinding
estimate reducing ability of grinding sludge by means of sludge with moisture of 97 % = 1.6 t/day, dry
specially introduced characteristic: RC, to determine basis, with iron content up to 40 %; 13 - sludge
technological parameters of reduction of chromium amount = 1.6 t/day;14 - amount of concentrated
containing effluent waters using grinding sludge (pH . 1, sulfuric acid = 12.4 kg/m ;15 - air consumption =
weight ratio of chromium to sludge: 0.25, subsequent 3.2 cu. m per cu. m of drainage; 16 - supply of
neutralization of the mixture at pH = 7 ÷ 9) and to describe indirect steam - 5.4 t/day.;17 - recycled oil
the mechanism of the process [9]. products - 3.4 t/day;18 - reagent (1000 kg/day)
 Experiment on the use of grinding sludge was into chromium chamber; 19 - coagulant (322
performed on commercial scale (sludge properties are kg/day) into reactor tank for processing of
shown in Table 3) aiming at detoxification of chromium emulsion effluent waters; 20 - insoluble
containing effluent water. In a 10 m  tank, used at treating impurities - 12 kg/day; 21 - to brick yard.3

facilities for preparation of working solutions, 48 kg of
sludge was dissolved in concentrated sulfuric acid with iron. Acid solution of grinding sludge was continuously
density of 1.84 g/cm . The reaction was accompanied with in 5 hours added to the flow of effluent liquid containing3

temperature increase to 55°C. In the obtained solution iron Cr  ions in concentration of 20.60 g/l. The flows were
concentration was 4.9 g/l, total iron and 4.58  g/l,  ferrous mixed  in  chromium  chamber.  During   total   time   of  the

3

6+
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Fig. 2: Balance flow sheet of cleaning of diluted passivation of iron, possible in neutral and weak acid
chromium containing effluent waters: 1 - chromium solutions and increases reduction rates of hexavalent
chamber; 2 - reagent collecting tank; 3 - storage chromium ions. Within reduction active atomic hydrogen
tank; 4 - neutralization chamber; 5 - supply tank for reacts with adsorbed oil products on surface of the
neutralizing reagent; 6 - settling basin; 7 - sludge particles, which reduces the rate of gas evolution. In
collector; 8 - tanks of cleaned effluent waters; 9 - addition, the oil products themselves act as reducing
oil boiler; 10 - storage tank; 11 - press filter;12 - air; agent of hexavalent chromium, forming complex tarry
13 - reagent, 1000 kg/day;14 - neutralizing reagent, structures.
60 cu. m per day;15 - residue with moisture of 97 % Occurrence of complex tarry products in the reacting
in amount of 12 t/day; 16 - 70 % of cleaned water mixture leads to decrease in hydrophilicity of the residue
to municipal collector of water disposal; 17-30 % Cr(OH) , Fe(OH)  and Fe(OH) , which is generated within
of water to recycled water system; 18 - water subsequent neutralization of the mixture. After losing
consumption 1295 cu. m per day; 19 - consumption hydrophilicity the residue is quickly compacted.
of chromium waste 290 cu. m per day at pH less Additional factor, which increases the rate of residue
than 2.6; 20 - acid-alkaline effluent waters; 21 - oil- compaction, is the existence of silicon oxide particles in
containing effluent waters; 22 - cleaned emulsion the sludge. Due to absorption forces the silicon oxide
effluent waters; 23 - recycled oil products - 1 t/day; particles are aggregated with hydrophobizated residue.
24 - indirect steam, 13 t/day. This increases specific weight of the residue and hence,

experiment the samples of liquid taken at output of the silicon oxide particles.
chromium chamber did not contain Cr  ions. pH of the  The experiments made it possible to estimate6+

medium was not higher than 2.0. The experiment not only reducing ability of grinding sludge by means of specially
confirmed completeness of reduction of hexavalent introduced characteristic: RC, to determine technological
chromium ions by grinding sludge but demonstrated parameters of reduction of chromium containing effluent
feasibility of implementation of the process directly in the waters using grinding sludge (pH . 1, weight ratio of
equipment used at treating facilities. chromium to sludge: 0.25, subsequent neutralization of the

The balance flow sheets of treatment of effluent mixture at pH = 7 ÷ 9) and to describe the mechanism of
waters are illustrated in Figs. 1, 2 [10]. They can be applied the process.
for detection of critical units, for appropriate selection of Therefore, the performed study demonstrated
equipment and facilities. The units of cleaning of feasibility of reprocessing of iron from grinding sludge to
concentrated and diluted chromium containing waters, marketable  coagulant, additionally revealing some

processing of grinding sludge and interrelation between
these units are highlighted in the figures. 
 The quality of cleaned water to municipal collector
(Fig. 2) was as follows: iron 0.7-0.9 mg/l, chromium,
trivalent 0.3-0.5 mg/l, oil products 2.5-4 mg/l, no chromium,
hexavalent.

CONCLUSIONS

Results of the performed experiments show that
within reduction of chromium containing effluent waters
using grinding sludge not only 100 % elimination of any
form of chromium compounds is achieved, but
simultaneously all kinds of organic compounds are
destroyed, dissolved in water and accompanying sludge
suspensions in emulsion effluent waters and residue with
strong structure is formed. Existence of film of adsorbed
oil products on surface of fine sludge particles excludes

3  2  3

the settling rate. Tarry substances settle together with
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peculiar features, which distinguish the proposed  5. Trees, W.E., L. Roberts and K.P. Priesing, 1979.
technology from already existing processes of obtaining Neutralisation of sulfate procesa titanium dioxide
of iron salts. wastes with limestone and lime. *J.Water Pollut.
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