XIMIYHI TEXHONOTI 95

UDC 628.542.61

S.0. Kyrii, I.V. Kosogina, I.M. Astrelin, O.Yu. Kyrienko
National Technical University of Ukraine “KPI”, Kyiv, Ukraine

THE EFFICIENCY OF COAGULATION TREATMENT WASTEWATER BY REAGENT OBTAINED
FROM WASTE ALUMINA PRODUCTION

Background. The accumulation of industrial waste is one of the most urgent problems. So, development of complex
technology utilization of wastes (red mud) is most economically and environmentally attractive way to solve the
problem of red mud accumulation and getting of highly efficient purification reagents that was obtained from
secondary raw materials.

Objective. The synthesis of coagulation reagents of water purification by acid activation of waste alumina production
and test possibility of reagents using in wastewater treatment technology from the organic component.

Methods. Photometric analysis methods of initial components and products of coagulation cleaning.

Results. It is found that rational conditions of the red mud processing are: acid activation temperature from 150 to
250 °C; weight ratio of acid to red mud 0.5—2; process duration from 30 to 60 minutes. The high coagulation proper-
ties of reagents that was synthesized from waste was established and it was confirmed a high efficiency (82—96 %)
treatment of wastewater that was contaminated with organic dyes and surfactants.

Conclusions. It was established that all synthesized samples of coagulation reagents from industrial wastes (red mud
and hydrolytic sulfuric acid) are effective coagulants and can be used in water purification technology. Thus, when
the “Bright-blue HF” dye concentration in the water 10 mg/l, cleaning efficiency was 96 % at the dose of

coagulation reagent 200 mg/1.
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Introduction

Nowadays one of the most critical ecological
problems is the environmental pollution of produc-
tion wastes. There are several powerful non-ferrous
metal enterprises located in Ukraine: Zaporizhzhya
Aluminium Plant (ZALK), Dnipro aluminum plant
(DAZ), Mykolaiv Alumina Plant (NAP), in which
wastes from the extraction and processing of raw
materials are 1.5 m. tons per year, and the total
number of already accumulated wastes reaches
20 m. tons [1, 2].

Particularly, environmentally hazardous waste
in NAP, that called red mud (with a mass ratio of
solid to liquid 1:1), in large amount of 1.2 million
tons per year are stored on the enterprise territory
in poorly-equipped sludge storage.

Hight attention is given to the problem of ra-
tional use and red mud utilization. All known red
mud processing methods can be divided into three
categories: first of all recovery of useful compo-
nents in red mud (for example metals) [3—7]; se-
condly, re-using red mud as raw materials, espe-
cially for the production of binding materials (ce-
ment, bricks, foam blocks) [8—11]; thirdly, the
usage of red mud for environment protection, such
as reagents for water treatment.

The NAP transports to cement plants around
50—60 thousand tons of red mud per year with a
potential supply volume — 400—450 thousand tons

per year. But cement producers has rather stringent
requirements of the sludge, which are connected
with the restriction of the total content of alkali
and water-soluble compounds. In addition, the
Fe,O; content in the sludge should exceed 50 %.
Because specific standards to limit the chemical
composition of red mud for cement industry are
absent it complicates its widespread use in the in-
dustry as secondary raw materials [12].

Significant disadvantage of red mud, that
makes it difficult to use, is high humidity (about
80 %), and the existing sludge dewatering tech-
nologies are too energy-intensive and ineffective.
In addition, the development of standards and
technical regulations of sludge preparation, trans-
portation and sludge usage should be aware that
with the humidity 8—12 %, dry sludge undergoes
wind deflation.

The most economically and environmentally
attractive way to solve the problem of red mud ac-
cumulation is development of complex technology
utilization of red mud in the cleaners-reagents
production for contaminated wastewater.

Whereas NAP red mud contains aluminum,
titanium and a large amount of iron, it should be
used as a raw material for iron-complex or reagent
coagulation for water treatment. This will provide
significant savings in raw materials, energy re-
sources in the production of efficient and inexpen-
sive coagulant and, simultaneously, reduce human
impacts on the environment.
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Formulation of the problem

The purpose of this work is synthesis of coagu-
lation reagents for water purification by acid acti-
vation of waste alumina production and testing ef-
ficiency of using obtained reagents in the wastewa-
ter treatment technology from organic component.

Details of experiments

Objects of research. In this research the fol-
lowing materials are used:

1. Red mud of Mykolayiv Alumina Plant are
solid, semi-solid or pasty mixture of Bayer process
wastes of removing and purification technologies of
alumina from bauxite. Depending on the quality
of bauxite and it processing characteristics red mud
contains (wt. %): 40—55 Fe,0;, 14—18 Al,0;, 5—
10 CaO, 5—-10 SiO,, 4—6 TiO,, 2—4 Na,O. The
content of impurity elements (g/t): 5 Cu, 10 Be,
50 B, 4 S, 0,2 Co, 30 Ga, 30 Sc, 20 La, 30 Ce,
20 Mo, 80Y, 20 Ni [13].

2. Hydrolytic sulfuric acid is a waste of tita-
nium oxide (IV), that is produced by the hydrolysis
of solution titanium sulfate salts. This acid contains
20-26 wt%. H,SO,, 5—6.5 wt%. FeSO,, a small
amount of sulphates and other solid impurities
(SiO,, ALQO,, etc.). During the industrial produc-
tion of one ton TiO, produce 5—6 tons of hydro-
Iytic sulfuric acid, or in terms of 100 % H,SO, —
1,225 tons [14].

3. “Bright-blue HF” dye is dichlorotriazine
active dye, which is intended for coloring cellulose
fibers and their products (Fig. 1).
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Fig. 1. The structural formula of “Active bright blue HF” dye

4. Surfactants (ludigol and synthanol). Ludi-
gol is m-nitrobenzene sulfonic acid, sodium salt
CcH,NO,SO;Na; synthanol is polyethylene glycol
ether of synthetic primary alcohol fraction C,,—
Cis, CyoH,0(C,H,0),0H.

5. Model solutions of wastewater that are
characteristic for textile enterprises of Ukraine,

that contained total of up to 13 mg/l of surfactants
(ludigol, synthanol) and “Bright-blue HF” dye
10 mg/1.

6. Coagulation reagent (iron- and aluminum-
containing with titanium admixtures) synthesized
from alumina production waste “red mud”.

Preparation of coagulation reagent from red
mud and testing it characteristic properties . Obtain-
ing coagulation reagents by acid activation of waste
alumina production of “red mud” Nikolaev Alu-
mina Plant was based on immediate interaction
“red mud”, main components of which are alumi-
num oxide and iron (III) oxide, with hydrolytic
sulfuric acid at the temperatures (150—350) °C with
formation anhydrous aluminum sulfate and ferric
sulfate (III).

Acid activation performed by the following
procedure: a sample of red mud dried to constant
weight at a temperature of 105 °C was loaded in
the thermostable porcelain reactor with working
volume (150—200) cm?, there also added calculated
volume of hydrolytic sulfuric acid at different
weight ratio of acid and red mud (0.5:1, 1:1, 2:1).
Temperature conditions of obtaining desired pro-
duct was varied within 100—350 °C (373—623 K)
with the different durations of the process — from
15 to 60 minutes. The derived product was cooled,
crushed and analyzed.

Coagulation properties and application effec-
tiveness of the reagent was tested on model sam-
ples of wastewater in the process of coagulation
during 60 minutes and pH 9-9.5. The dose of
coagulation reagent ranged from 0.1 to 0.2 g/I1.

The applying efficiency of coagulation reagent
was valuated with the photocolorimetric analysis by
the change of color samples of wastewater, and the
removal degree of the organic component was de-
terminated by the chemical oxygen demand
(COD) with using standard techniques.

Results and Discussion

Influence of temperature acid activation on iron
content in the received reagent. Coagulation rea-
gent, that was received based on “red mud” con-
tains in its composition aluminum and iron sulfate
and a small amount of TiO, whose presence in the
composition of the reagent helps accelerate the hy-
drolysis stage of coagulation in water purification
and formation of metal hydroxides, thereby in-
creasing the efficiency of removal of pollutants
from water bodies under technologically acceptable
period of time.
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With putting into colloidal system synthesized
coagulation reagent, that was obtained with waste
alumina production, at first formed a large amount
aggregates, which on the surface are chemosorbed
charged polynuclear hydroxocomplexes of alumi-
num and iron, which have organic pollutants. The
presence in reagent content residual quantity of
metal oxides contributes to the completeness of
the deposition of organometallic complexes be-
cause insoluble phase serves embryos of micelles
formation. Since ludigol is the fatty acid salt, so
likely that the process of adsorption occurs due to
splitting moving atom of sodium and partial re-
placement of the OH group on the acid anion.

Dye sorption occurs only through exchange
reactions in the outer sphere of aquacomplex. Syn-
thanol hold on the flakes of iron and aluminum
hydroxides only due to physical adsorption. After
the formation and deposition of macromolecules
alumino- and ironorganic complexes was carried
out separation of the precipitate from liquid over
sediment by decanting.

It was discovered that conditions of acid ac-
tivation have significant impact on the content
and properties of the synthesized coagulation rea-
gent (the ratio of acid mass to red mud mass
(A:RM) and temperature mode activation). Based
on the red mud content we can assume that at the
ratio of A:RM = 1:1 will be generated basic me-
tals sulfates, which have a greater tendency to
coagulation. Reducing the amount of acid leads
to incomplete neutralization of alkaline sludge
component and only partial dissolution of oxide
components. Increased of acid weight on the cont-
rary, will lead to the formation of medium salts
and increased content of free carboxylic acid in
the synthesized reagent that will not allow its use
as a coagulant.

Increased temperature of acid activation proc-
ess raises the rate of processes neutralization and
dissolution of oxides with the formation of sulfuric
form components of sludge. It was established that
by the increases of temperature from 100 to 350 °C
iron content varies from 240 to 350 mg per one
gram of coagulation reagent. This is related due to
concentration of iron compounds in the composi-
tion of the reagent through extraction of volatile
phase, which positively affects to the quality of the
product (Fig. 2).

It was established that depending on tempera-
ture mode of activation in synthesized samples of
reagent varies water-soluble iron content i.e. com-
pleteness transform metal oxides into sulfates. Du-
ring the activation of red mud by sulfuric acid at a

ratio acid mass to red mud mass 0.5:1 derived
samples of coagulation reagent have worse coagula-
tion properties, due to the formation of a small
amount of basic sulfates metals. The excess acid
upon activation leads to the formation of acid salts,
that also reveal worse coagulation properties.
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Fig. 2. Effect of temperature activation process of red mud to
the water-soluble iron content in the resulting reagents

The impact of ratio: the mass of red mud:
weight sulfuric acid on the recovery dyes. It was
found that conditions of obtaining coagulation rea-
gent significantly affect its further properties. One
of the key factors is the mass ratio of acid (A) and
red mud (RM) at activation (Fig. 3). While analy-
zing the findings it was determined that samples of
coagulation reagent receiving at weight ratio of red
mud and acid 1:1 and a activation temperature of
150 °C is most effective. Therefore it was achieved
highest (95 %) discoloration degree of model water
that contaminated by “active bright blue HF” dye
with a concentration of 10 mg/1 (Fig. 3). Purifica-
tion efficiency does not exceed 90 %, when mass
ratio was A:RM = 0.5:1, so synthesized coagulant
detects worse coagulation properties. Samples, that

100

95

90

i
s / \»
80 /

75

Discoloration degree, %

70

0 50 100 150 200 250 300
T,°C

350 400

Fig. 3. Influence of conditions activated red mud (weight ratio
of components) on the efficiency of water treatment:
—o— — A:RM = 0.5:1; —— — A:RM = 1:1; -
A:RM = 2:1
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was obtained at a temperature of 100 °C at any ra-
tio of acid mass to the red mud mass of, exhibit
poorer coagulation properties that may be related
to insufficient activation of red mud (RM), namely
the creation insufficient amount of basic aluminum
and iron sulfates.

Effect of wastewater composition and dose of
coagulation reagent on the efficiency of water treat-
ment. Since wastewater, including textile produc-
tion, is a complex system that contains, in addition
to the organic component, also inorganic sub-
stances (electrolytes), the influence of the concen-
tration and type of electrolyte in the wastewater on
the efficiency of coagulation reagent while waste-
water purification that contaminated with dyes was
investigated.

Effect of electrolytes studied in such com-
pounds as NaCl, KCI, Na,SO, which are typical
contaminants of water objects. The presence of
KClI in the wastewater leads to deterioration of co-
agulation cleaning by synthesized samples; at the
KCI concentration of 100 mg/l and maximum dis-
coloration degree of waste water that contaminated
with the dye “Active bright blue HF” is only 93 %.

The presence of NaCl or Na,SO, have a posi-
tive impact on purification effectiveness of the coa-
gulation at the concentration < 150 mg/l. The ma-
ximum possible extraction degree of organic com-
ponent reaches 96 %.

Coagulant dose, as defined, — is one of the
most important parameters that affects the effi-
ciency of coagulation and removal of impurities
from water (Fig. 4, 5).
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Fig. 4. Effect of dose of coagulation reagent on extraction effi-
ciency of polluted water with organic impurities: D —
“Bright-blue HF” dye, L — ludigol; S — synthanol.
Terms of activation: temperature 150 °C, the weight ra-
tio of acid to the red mud 0.5:1, activation duration —
30 minutes;—— — D; —— — D + L; - D+S;
—»— —-D+L+S

The dependence of the organic component
removal degree of the weight of the coagulation rea-
gent synthesized at a temperature of 150 °C, the
ratio of A:RM = 0.5:1, the duration T = 30 min, is
shown in Fig. 4.

Fig. 4 shows that the highest purification de-
gree of modeling samples of waste water at a dose
of coagulant 200 mg/l reaches 96 %, at a dose of
coagulant less than 150 mg/l seen a dramatic re-
duction of organic contaminants extraction degree
ie coagulation ability obtained reagent is observed
in a narrow dose range. Synthesized coagulant re-
veals stable coagulation properties in a wide range
of doses during red mud activation at a tempera-
ture of 250 °C. So at doses of 100 to 250 mg/l pu-
rification efficiency exceeds 90 % for different
composition of wastewater of (Fig. 5).
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Fig. 5. Effect of coagulation reagent dose on removal efficiency
of organic pollutants D — “Bright-blue HF” dye, L —
Iudigol; S — synthanol. Terms of activation: temperature
250 °C, the weight ratio of acid to the red mud 1:1,
the duration — 30 minutes; —— — D; —#— — D + L;

—D+S;—% —D+L+S

It was established that the highest rate (95-
96 %) removal of the organic component is achiev-
ed when in model water present a set of organic
components. Synergetic effect at the removing the
organic component of the different nature of the
water bodies, maybe, associated with the different
structures and surface charge of the dye and sur-
factants, that contributes to the fullness of their at-
taching to the surface of iron and aluminum hy-
droxocomplex.

Investigation duration of coagulation treatment
on the recovery of organic components from model of
wastewater. It is known that duration of coagula-
tion plays an important role at removing pollutants
from water. It was investigated influence of the du-
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ration of the coagulation process on the degree of
extraction of the organic component model with
containing dye “Active bright blue HF” concentra-
tion of 10 mg/l surfactant ludyhol, concentration
of 8 mg/l and electrolyte Na,SO, concentration of
50 mg/l was investigated.

It was found that the most effective coagula-
tion treatment duration is 6 hours (Fig. 6). Further
decrease in efficiency with time related with the
partial dissolution coagulation reagent and increase
water object chromaticity by metal salts from the
coagulant.
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Fig. 6. Effect of coagulation treatment duration on the cle-
aning efficiency

Economy of reagent, coagulation and other
water treatment processes is determined by residual
concentrations of reagents in treated water. Ac-
cording to the rules acceptance of wastewater col-
lection of enterprises into utilities and departmen-
tal settlements systems of Ukraine the content of
residual iron is limited to 2 g/m’. From the ex-
perimental data (Fig. 7) was found that minimum
content of iron compounds in the purified water is
1.6 g/m® and achieved at the duration of coagula-
tion cleaning 6 h.

So, coagulation treatment duration should
not exceed 6 hours, more that precisely for the du-
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Fig. 7. Effect of coagulation treatment on residual iron content
in the treated water

Conclusions

It was established that all synthesized samples
from industrial wastes (red mud and hydrolytic sul-
furic acid) are effective and can be used in water
purification technology for the removal of dyes and
surfactants from wastewater. It was showed that
conditions of acid activation have significant im-
pact on the properties of the synthesized coagula-
tion reagent. The best coagulation properties was
found in coagulation reagents obtained under the
following conditions — acid activation temperature
from 250 °C; mass ratio acid to red mud of 1:1;
process duration of 60 minutes. The cleaning effi-
ciency was 96 % at a dose of coagulation reagent
200 mg/1 for water samples that containing surfac-
tant 13 mg/l and “bright blue HF” dye 10 mg/I.

Using of the coagulant that synthesized from
waste allows to achieve a high degree of purifica-
tion at the residual iron content in the treated wa-
ter less than the standard value of 2 g/l at the
coagulation treatment duration to 6 hours.
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C.O. Kupin, I.B. KocoriHa, I.M. ActpeniH, O.10. KupieHko

E®EKTUBHICTb KOAMYNAUINHOT OBPOEBKW CTIYHWUX BOL PEAFEHTOM, OTPUMAHMM 3 BIAXOAIB FMHO3EMHOIO
BMPOBHNLITBA

Mpo6nematuka. Hakonv4eHHs MPOMUCINOBUX BIiAXOAIB — OAHA i3 HaWakTyanbHIWNX Npobrem CborofdeHHs. PO3BUTOK KoMmIM-

TNIEKCHOI TEXHONOTrii BUKOPUCTaHHS BiAX0AiB “4epBOHMI Wnam” — HanbinbLl eKOHOMIYHO W eKONoriYyHO NpuBabnvBMiA CNoOCiO BUPILLEHHS
npobneMu HaKoMMYEHHS1 YePBOHOTO LINaMy Ta OTPUMaHHS BUCOKOE(EKTUBHUX peareHTiB BOAOOUULLEHHS i3 BTOPUHHOI CUPOBUHMN.

MeTta pocnigxeHHs. CuHTE3 KoarynsiLiiHMX peareHTiB BOAOOYULLEHHS KMCIOTHOK akTMBaui€lo BiAXOAIB MUHO3EMHUX BUMPOO-

HULTB Ta NepeBipka MOXITMBOCTI BUKOPUCTAHHS OTPMMaHMX peareHTiB Y TEXHOMOTIiT OYULLEHHS CTIYHUX BOA Bif, OpraHiuyHoi CKnagoBol.

MeTtoauka peani3sadii. PoToMeTpUYHi METOAN aHarni3y BUXiQHUX KOMMOHEHTIB Ta NPOAYKTIB KOArynsiLiiHoro O4YmMLLLEHHS .
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Pe3ynbTaTtn gocnigxeHHA. BctaHoBNeHO yMOBM akTuBaUii BiAXo4iB IMUHO3EMHUX BUPOOHULTB “4epBOHMI LWNam”: Temneparypa
KMCMOTHOI akTuBauii — Big 150 go 250 °C; macoBe CcniBBigQHOLLEHHSI KNCINOTU Ta YepBOHOro wnamy — Big 0,5 o 2; TpuBanicTe npouecy —
Big 30 go 60 xB. BusiBNneHO BMCOKi KoarynsiuiiHi BMacTUBOCTI peareHTiB, CMHTE30BaHWX i3 BiAxoAiB, Ta NiATBEPAXEHO BUCOKY
ePeKTUBHICTb ounLLEeHHs (82—96 %) CTiuHMX BOA, 3abPyAHEHUX OpraHiyHMMK 6apBHUKaMM Ta NOBEPXHEBO-aKTVBHUMUW PEYOBUHAMMU.

BucHoBkW. BCTaHOBMNEHO, WO BCi CUHTE30BaHi 3 NPOMUCOBUX Bigxo4iB (YEpBOHOrO Lnamy i rigponi3Hoi cynbdartHoi KMCIoTH)
3pasky KoarynsuiiHux peareHTiB € e(PeKTUBHUMW KoarynsHTamum i MoXyTb OyTW BUKOPWUCTaHi B TEXHOMNOrii BOAOOYMLLEHHS. Tak, npu
KOHUeHTpauii y Boai GapBHuKa “AKTUBHWUI sickpaBo-bnakutHui KX’ 10 Mr/;uw3 e(eKTMBHICTb ounLLeHHs cTaHoBuna 96 % npu goasi
KoarynsiyiiHoro peareHty 200 mr/om®.

KniouoBi cnoBa: yepBoHMK WNaM; KACNOTHA akTUBALS; Koarynsauis; 6apBHUKU; NOBEPXHEBO-aKTUBHI PEYOBMHU; KoarynsLinHum
peareHT; CTi4Hi BOAM.

C.A. Knpun, U.B. Kocoruna, .M. ActpenuH, O.1O. Kupuerko

3POEKTVBHOCTb KOAMYNALUMOHHON OBPABOTKW CTOYHbLIX BOL PEAFEHTOM, MOJIYYEHHLIM U3 OTXOOOB
MNHO3EMHOIO NPON3BOOCTBA

Mpo6nemaTuka. HakonneHne NpoOMbILNEHHbIX OTXOAOB — OAHA M3 CaMblX akTyanbHbIX Mpobnem coBpemeHHOCTW. Passutue
KOMMIIEKCHOW TEXHOMOTNKN UCMONb30BaHMS OTXOA4O0B “KpacHbIN WwnaM” — Hambornee 3KOHOMMUYECKU M 3KONOrMYEeCKU npuBrekaTenbHbIn
cnocob peLueHns npobrnembl HaKONMEeHMs1 KPACHOrO LUNnama u NonyyYeHnst BbICOKO3MEKTUBHBIX peareHTOB BOAOOUNCTKN U3 BTOPUYHOTO
CbIpbSi.

Llenb. CuHTE3 KoarynsiLMoHHbIX peareHToB BOAOOUYNUCTKM KUCIIOTHON akTuBaLMen OTXOA0B MMUHO3EMHbIX NPOM3BOACTB U NpoBep-
Ka BO3MOXHOCTM UCMONb30BaHUs NOMYYEHHbIX peareHTOB B TEXHOMOMMIU OYUCTKM CTOYHbBIX BOA OT OPraHU4eckoi COCTaBMsoLLEN.

MeTtoabl. doTomeTpuyeckne MeToabl aHanu3a UCXOAHbIX KOMNOHEHTOB M NPOAYKTOB KOArynsiLlMOHHOro OYUCTKY.

Pe3ynbTaTbl. YCTaHOBMNEHb! YCNOBUSA akTUBALUMUM OTXOA4OB MMHO3EMHbIX MPOU3BOACTB “KpacHbIi Linam”: Temnepartypa KUCNoT-
How akTuBauum — ot 150 go 250 °C; maccoBOe COOTHOLLEHUE KUCMNOTbI K KpacHoro wnama — ot 0,5 4o 2; npogomkMTenbHOCTb NpoLec-
ca — oT 30 go 60 MuH. BbisiBreHbl BbICOKME KOArymnsuMOHHbIE CBOWCTBA peareHToB, CUHTE3MPOBAHHbIX M3 OTXOAOB, W NOATBEPXAEHa
BbiCOKast appeKkTBHOCTL O4NCTKM (82—-96 %) CTOYHBLIX BOA, 3arpsA3HEHHbIX OPraHUYEeCKUMK KpacuUTENs MM U NMOBEPXHOCTHO-aKTMBHLIMU
BeLlecTBaMu.

BbiBoAbl. YCTAHOBMNEHO, YTO BCE CMHTE3UPOBAHHbLIE M3 MPOMBILIIEHHLIX OTXOA4OB (KpacHOro LinaMa v rMaporiu3Ho CepHon
KMCnoTbl) 0bpasLbl KoarynsLUMoHHbIX peareHToB SBNATLCS APMEKTUBHBIMW KOArynsiHTaMm 1 MOryT ObiTb MCNOMNb30BaHbI B TEXHONOIMM
BOA00YUCTKU. TaK, Npu KOHLEeHTpaumm B Boge kpacutens “AKTuMBHbIN sipko-ronyborn KX” 10 mr/gm” achdekTMBHOCTb O4MCTKM cocTaBumna
96 % npwu go3se koarynsumoHHoro pearerHta 200 MF/LLM3.

KntoueBble cnoBa: kpacHbIii Lnam; KUCNOTHasi akTUBaLWs; Koarynsums; kpacuTenu; NnoBepXHOCTHO-aKTUBHbIE BELLECTBa; Koary-
NAUMOHHBIA peareHT; CTOYHbIE BOAbI.

PexomennoBana Pamoro Hapiitina mo penakiii
XiMiKO-TE€XHOJIOTIUHOTO (haKyJIbTETy 26 ceprag 2015 poky
HTVYY “KIII”
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