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EVALUATION OF EFFICIENCY OF COAGULANT OBTAINED
FROM ELABORATED RED SLUDGE FROM ALUMINA PLANT

In document, the effectiveness of reducing the chromaticity and turbidity of the Dnipro river water was investigated
and estimated by means of existing coagulants Al>(SOy4)3:18H>0 and FeCls-6H,0 and synthesized coagulant from the
red sludge of alumina plants - SC. During the experimental part of the work in the laboratory, the following optimal
dosages of coagulants were chosen, namely, 0, 1, 2, 5, 10 mg/dm’ based on Al,O; and Fe;0;. The volume of samples
of the solutions, which were subjected to the study, reached 200 ml. Model solutions of bentonite with a concentration
of 100 mg/dm’, sodium humate with a concentration of 16.8 mg/dm>, kaolin concentration of 100 mg/dm’ and natural
water of the Dnipro River were used.

Based on the analysis of the experimental data obtained, it was found that the alternative coagulant is not inferior
to the existing and widely used coagulants.

During clearing and discoloration of the Dnipro river waters, the SC showed better results. Therefore, it can be
said that obtaining "alternative" coagulants from waste products is a very promising and economically viable
direction of research and development of new reagents for water purification and water treatment.
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Formulation of the problem. With the rapid development of industry, national economy and agriculture in
Ukraine and in the world as a whole, the qualitative and quantitative composition of natural waters is changing
significantly. This is especially noticeable in the industrial areas of our country, where due to anthropogenic pressure
the level of water mineralization is constantly increasing and the shortage of drinking water is increasing. Also, the
efficiency of treatment facilities in cities is constantly deteriorating due to the use of inefficient coagulants and wear
and tear of wastewater treatment systems, which leads to the deterioration of natural reservoirs, where, in fact,
discharges occur.

It is necessary to take into account the fact, that nowadays the Dnipro River is the main source of water supply
in Ukraine, water in which periodically has high values of chromaticity and turbidity, and used coagulants cannot
provide proper lighting and discoloration, which in turn reduces the overall water quality by organoleptic parameters.
Therefore, the development of effective, affordable and cost-effective coagulants in our country is an extremely
important task.

Analysis of the forefront. These days, water treatment facilities of cities are focused on the removal of organic
and inorganic compounds, which determine the chromaticity and turbidity of water. It is known that the processes of
drinking water preparation include the process of coagulation [1, 2]. In modern water treatment technologies mainly
aluminum and iron-containing coagulants are used [3, 4]. More common are aluminum coagulants, which have a
number of advantages over iron salts. The main advantages, in comparison with other reagents, include:

o the possibility of using hydroxoaluminum chloride at low temperatures;

o smaller doses of reagents and low residual concentrations of aluminum in treated water;
e improving water stability indicators;

e increasing the decontaminating effect [5, 6].

52



Bicuuk Hayionanvnozo mexniunozo ynisepcumemy Ykpainu «KuiecoKkuii noaimexniunuii incmumym
imeni leopsa Cikopcvkozoyn. Cepia «Ximiuna indcenepin, exonozia ma pecypcosoepesicennsy. 2020. Ne 3 (19)

Today in Ukraine the main coagulant based on aluminum is aluminum sulfate. Basically, its use is widespread at
many water treatment plants in different cities of Ukraine. Aluminum sulfate is a fairly affordable coagulant, cheaper
than its counterparts on the market for water treatment chemicals. In this case, its use leads to a significant increase
in the number of sulfate ions in water [7, 3].

Another effective coagulant should be mentioned. It is ferric chloride, the neutral salt of ferric iron and
hydrochloric acid. Iron chloride has been widely used as a coagulant in the process of industrial and municipal
wastewater treatment. Compared to others, namely aluminum-based coagulants, this chemical reagent has an
important advantage: ferric chloride is endowed with a high rate of deposition of various impurities. As a result of
hydrolysis, sparingly soluble iron hydroxide is formed. In the process of its formation, various organic and inorganic
suspended particles are captured, forming visible flakes, which are easily removed by filtration.

There is a problem with the use of iron-containing coagulants in water treatment significant residual iron content
after the coagulation process.

The development of alternative ways of obtaining coagulants is quite relevant [7—10]. One such ways is to obtain
a coagulant by disposing of red sludge from alumina plant. Complex coagulant based on alumina waste ensures
efficient removal of suspended and colloidal substances from water, which is then used for human consumption as
drinking water.

The purpose of the article.The purpose of this work was to evaluate the efficiency of natural water treatment
coagulant obtained by synthesis from spent red sludge Mykolayiv alumina plant (SC), namely the assessment of the
decrease in chromaticity and turbidity of water from the Dnipro River during its purification by settling and further
filtration through a sand mechanical filter.

Methods of work. To conduct an experimental work in order to study the reduction of chromaticity and turbidity
of the water of the Dnipro River used model solutions bentonite with a concentration of 100 mg/dm?, sodium humate
with a concentration of 16.8 mg/dm?® and kaolin with a concentration of 100 mg/dm? and actually water from the
Dnipro River. Such model solutions have been selected: bentonite, kaolin and sodium humate. They it possible to best
assess the effectiveness of coagulants, as they have the most similar characteristics with natural pollutants of the
Dnipro River.

Synthesized coagulant from red sludge was used for water treatment, which is obtained by treating the sludge
with 10% hydrochloric acid (SC). For comparison with the synthesized known coagulants were used: aluminum
sulfate (Al2(SO4)3*18H,0) and ferric chloride (FeCl;*6H,0).

To reduce the turbidity of the model suspension of bentonite and kaolin suspension, and to reduce the chromaticity
of the model suspension of sodium humate to a sample of water, a volume of 200 cm® added different doses of
coagulant, stirred vigorously for 2-3 minutes, then stood for 2 hours. Doses of coagulants were calculated by Al,O3
and Fe,0s.

After the settling process, turbidity and chromaticity in the samples were determined. The settled sample was
filtered through a sand filter. Filtration, as well as settling, is used to clarify water, ie the retention of suspended
particles that are in the water column, which are not always visible to the naked eye. Sand is used as the main filter
material. The load capacity of the sand filter was 50 cm?. After passing each sample, the filter was thoroughly washed.
After passing the sample through a mechanical filter, turbidity and chromaticity were determined in the selected
sample. Turbidity, expressed in SiO, per 1 dm? of water, was determined by photocolorimetric method [11], and
chromaticity — in degrees of chromato-cobalt scale (CCS) [11].

The main material. The effectiveness of reducing turbidity in the model suspensions and water of the Dnipro
River when using SC can be judged by the results shown in table 1.

As can be seen from table 1, all coagulants contribute to the effective reduction of turbidity of the model
suspension both after settling and after filtration. It should be noted that the coagulant derived from sludge and existing
traditional coagulants have the effect of reducing turbidity at doses > 1 mg/dm?® to 0. It should be also noted that after
filtration, all coagulants used in the study have a high efficiency of reducing turbidity.

To compare the turbidity reduction efficiency, another model suspension was used, namely a kaolin suspension
with a concentration of 100 mg/dm?. The use of these coagulants also gave good results, which can be seen from
table 2.

As you can see, when using ferric chloride from the initial turbidity of the kaolin suspension 122 mg/dm? after
treatment with coagulants turbidity is reduced to 2 mg/dm? at a dose of 10 mg/dm?, and when using SC and aluminum
sulfate we have turbidity values at 0 at similar doses of coagulant, which is a very positive indicator.
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To determine the effectiveness of coagulants in water decolorization, a model solution of sodium humate with a
concentration of 16.8 mg/dm? was used. The results of the study of water decolorization processes are shown in table 3.

As can be seen from table 3, the use of coagulant FeCl3-6H,O was ineffective. After settling, the chromaticity of
the solution did not change significantly, but after filtration at the level of 20 degrees CCS. It is possible that such
significant values of chromaticity are due to the high content of ferric sulfate, which in itself gives a yellowish-red
hue. It should be emphasized that the use of two other coagulants: SC and Al>(SO4)3- 18H>O was more effective.

Table 1 — The effect of coagulants SC, Al2(SO4)3-18H20 and FeCls-6H20 on the effectiveness of reducing
turbidity in a model solution of bentonite with a concentration of 100 mg/dm? after settling (2 hours) and

filtration
Coagulant Coagulant doze, mg/dm? . Turbidity, n.lg/dm3 '
by Al,O3 and Fe;Os primary after settling after filtration

0 78 76 30

1 78 43 11

SC 2 78 43 0

5 78 52 0

10 78 47,5 0

0 97,5 73 27

1 97,5 39 0

Alx(SO4)3-18H20 2 97,5 33 0
5 97,5 26 0

10 97,5 26 0

0 97,5 28 6,5

1 97,5 60,5 2

FeCl;-6H,O 2 97,5 52 0
5 97,5 52 0

10 97,5 25,5 0

Table 2 — The effect of coagulants SC, AL2(SO4)3-18H20 and FeClz-6H20 on the efficiency of reducing
turbidity in a model solution of kaolin with a concentration of 100 mg/dm? after settling (2 hours) and

filtration
Coagulant Coagulant doze, mg/dm? . Turbidity, r.ng/dm3 '
by Al,O3 and Fe;O3 primary after settling after filtration
0 122 120 19
1 122 62 15
SC 2 122 56,5 12,5
5 122 26 8
10 122 6 0
0 120 100 2,5
1 120 39 0
Al(SO4);-18H,0 2 120 11 0
5 120 8 0
10 120 6,5 0
0 170 150 30
1 170 117,5 50
FeCl;- 6H20 2 170 107,5 42,5
5 170 87,5 4
10 170 62,5 2
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Thus, after filtration at doses of 10 mg/dm?, the chromaticity was at the level of 5-7 degrees CCS, which is a very
positive result. Also, it can be noted that the chromaticity in all cases decreased with increasing dose of coagulants
during filtration.

The results obtained using these coagulants in the treatment of water from the Dnipro River are shown in table 4.

Speaking of chromaticity, the best result was obtained with the use of SC, at a dose of coagulant 10 mg/dm?
chromaticity was 14 degrees CCS. This is the best result among all coagulants studied. When using Al»(SO4)3-18H,0
the chromaticity was 22 degrees CCS, and when using FeCl3-6H>O — 71, which is not effective enough.

Table 3 — The effect of coagulants on the effectiveness of decolorization of a model solution of sodium humate
with a concentration of 16.8 mg/dm? after settling (2 hours) and filtration

Coagulant Coagulant doze, mg/dm? Chromaticity, degrees
by Al,O3 and Fe;O3 primary after settling after filtration

0 180 180 96
1 180 180 42,5

SC 2 180 180 17

5 180 180 15

10 180 169 7

0 180 180 68

1 180 180 56

Alx(SO4)3-18H20 2 180 180 20
5 180 180 8,5

10 180 173 0

0 190 188 92
1 190 188 168
FeCl;-6H0 2 190 187 160
5 190 160 23

10 190 159 20

Table 4 — Influence of coagulants on the efficiency of reducing turbidity and chromaticity of water in the
Dnipro River after settling (2 hours) and filtration (Primary turbidity=15 mg/dm?3,
Primary chromaticity=97 CCS)

Coagulant doze, mg/dm?’, Turbidity, mg/dm? | Chromaticity, degrees
Coagulant by ALO- and Fe.0 rima aftjcr afte'r rima aftjcr afte'r
Yy Al >3 p Y settling | filtration P Y settling | filtration

0 15 6 0 97 95 56,5

1 15 6 0 97 56,5 37

SC 2 15 6 0 97 63,5 33,5

5 15 11 0 97 79 28

10 15 26 0 97 73 14

0 15 13 0 97 95 53,5

1 15 7,5 0 97 90 42,5

A112§%(383' 2 15 7 0 97 90 20
5 15 15 0 97 95 30

10 15 15 0 97 90 22

0 15 2 0 97 95 56,5

1 15 2 0 97 90,5 51

gﬁfg 2 15 75 0 97 102 56,5
5 15 11 0 97 255 60

10 15 26 0 97 386 71
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After 2 hours of standing, the turbidity decreased, but it should be noted that with increasing the dose of all three
coagulants, the turbidity increased slightly. After filtration, the turbidity was reduced to 0 (at a primary value of 15
mg/dm?) for all types of coagulants.

Evaluating the obtained results, we can say that the use of SC in comparison with Alx(SOs)3-18H,O and
FeCls-6H0 is the most appropriate and effective (Fig. 1).

Chromaticity, degrees CCS

0 i t t |
0 1 2 5 10

Coagulant doze, mg/dm3

1 —S8C; 2—-Al(S04)3-18H>0; 3 — FeCl36H,0

Fig. 1 — Dependence of residual chromaticity on the dose of coagulant after filtration (water in the
Dnipro River: primary turbidity=15 mg/dm3, primary chromaticity=97 CCS)

As can be seen from Fig. 1, the use of SC is the most effective, as when using SC at a dose of 10 mg/dm?
chromaticity decreased to 14 degrees CCS, which is the best result. The use of FeCls-6H>O to reduce chromaticity is
generally ineffective.

Conclusions. During the research, the processes of reducing turbidity of bentonite and kaolin model suspensions,
processes of decolorization of sodium humate model solution, as well as the effectiveness of reducing turbidity and
chromaticity of the Dnipro River water by coagulation were studied. Coagulant synthesized from red sludge (SC),
aluminum sulfate and iron (III) chloride were investigated.

It is shown that SC is not inferior to existing and widely used coagulants, and in the case of Dnipro water treatment
gives even better results.

Prospects for further research. During the analysis of the obtained data, it was found that obtaining "alternative"
coagulants from waste, namely red sludge from the alumina plant, is a very promising and cost-effective direction of
further research and development of water treatment reagents.
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OIIHKA E®EKTHUBHOCTI KOAI'YJIAHTY OTPUMAHOI'O 3 BIAIIPAIIBOBAHOI'O YEPBOI'O
MJIAMY I'NIMHO3EMHOT O 3ABOY

B pobomi Oocriddiceno epexmusnicmv 3HUNCEHHA KOIbOPOBOCHI Ma KAAAMYMHOCMI 600u piuku Jninpo 3a
donomoeoio icnyrouux xoazyasiumie Alx(SOy)3 18 H>O ma FeCls-6 H,O ma cunme308ano2o Koa2yisumy i3 4epeoHo20
wnamy enunozemuux 3a800i8 (IK). Ilpu npogedenni excnepumenmanbHoi uyacmunu pobomu y 1a60pamopHux
YMOBAX BUKOPUCMOBY6aAU MaKi onmumanvii 0o3u xoazyaaumis: 0, 1, 2, 5, 10 me/om® 3 pospaxyuxy no ALO; ma
Fe;0;5. 06°ecm npob, wo niodasanuce Oocnioxcennsm, cazam 200 om’. s moodeniosauns 3abpyonens
BUKOPUCTOBYEATU MOOETbHI posuunu Genmonimy 3 konyenmpayicio 100 me/om®, 2ymamy nampiio 3 konyenmpayieio
16,8 me/om?, kaoniny 3 xonyenmpayicto 100 me/om’ ma npupoony eody piuxu Jninpo.

Ha niocmasi ananizy ompumanux excnepumMeHmanibHux Oanux ecmaroegieno, wo LUK niuum ne nocmynaemvcs
ICHYIOUUM MA WUPOKO BUKOPUCTNOBY BAHUM KOASYISIHIMAM.

Tpu oyuwenni ma 3nebapenenni 6oou piuxu /uinpo LK nokazas kpawi pesyromamu. Tomy, modscemo crazamu, uo
OMPUMAHHSL «ATLIMEPHAMUBHUX» KOAZYJISIHMIB 13 8IONPAYbOBAHUX 810X00i6 € YLIKOM NEPCNEKMUBHUM MA eKOHOMIYHO
BULIOHUM HANPAMKOM OOCTIONCEHHSL MA PO3POOOK HOBUX PedeHmie 60000HYUWEHHS A B000NIO20MOBKU.

Knrwuosi cnoea: xoazynanm, Koabopogicmb, KAAAMYMHICMb, Qinbmpyeants, 8ionpaybo8aHuil Wiam, 3HedapeieHHs
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MEXAHI3M COPBHIMHO-KATAJITHYHOI'O OUUIIIEHHS BOJIU
BIJI IOHIB MAPI'"AHIIIO

B pobomi npedcmasneni pezyrvmamu no 6USYEHHIO NPoYecie ouuuyenus 6oou 6i0 iounie Mn’" npu euxopucmanmui
iOHHO20 0OMIHY Mma Kamarimuuno2o okucienus. Ilokazano, wo CunbHOKUCIOMHI Kamionimu 0oope copbyiomuv ioHu
Mmapaanyio 6 xuciiti ma convoéiii (Na*) ¢hopmi, 3ado6ineno copbyroms mapaaneys ¢ Ca’* popmi. Ipu euxopucmanmi
Kamionimy Moougixosanozo maznemumom sudaienus ionie Mn’* iz 600Hux po3zuunis 6i06ysacmvcs AK 3a PaxyHox
iOHHO20 0OMIHY, He3aNelHCHO GI0 opmu ioHimy, MmaK i 3a paxyHOK OKUCIEHHS HA Kamanizamopi (machemumi)
NPUCYMHOCHIT PO3YUHEHO20 8 8001 KUCHIO.
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IMocTtanoBka npodJemu. Ha choromHi B YKpaiHi 3aJIMIIHIIOCS Ty>Ke MaJio JDKEpel BOIOTIOCTaYaHHS, SKi MOYKHA
BiIHECTH A0 Tmepmroi kareropii 3a skicTio Boau. Lle crocyeThcs 1 MiA3eMHUX BOJ, BKIIOYAIOYM apTe3iaHCHKI
cBepaiioBuHU. OCOOIMBO YacTO BOOU 3 apTE3iaHCHKUX CBEPIUIOBHMH 3a0pyAHEHI HIiTpaTamH, i0HAMH 3aii3a Ta
Mmaprauio [1]. I sikimo Bix HITpaTiB BOJY JIETKO OYMINATH METOJOM i0OHHOTO 0OMiHY [2], BiJ iOHIB 3aji3a METOJOM
KaTaJiTHYHOTO OKUCIICHHS [3], TO IPW OYMIICHHI BOJAU BiJl i0HIB MapraHIfto iCHYIOTh IeBHi mpobiemu. Hacammnepen
ioHn Mn?" OKMCITIOIOTBCS JIMLIE 3a BUCOKMX 3HadeHb pH cepeoBuIa B MPUCYTHOCTI crienU(iYHUX KaTali3aTopis.
loHOOOMIHHE 1X BHITy4€HHS MaIo €()EeKTUBHE B IPUCYTHOCTI 10HIB YXOPCTKOCTI, KOJIM KOHIIEHTPALlisl OCTaHHIX 3HAYHO
HEpeBaXae BMICT i0HIB Mapraiio. BMicT ioHiB MapraHio B apresianchkux Bojax carae 0,5-10 mr/am3 (0,01-0,21
Mr—eKB/z[M3), TOJIi SIK )KOPCTKICTh TAKUX BOJ MOXe csrat 3-10 mr-exs/am[1]. Tomy cTBOpEHHS Ta BIOCKOHAJICHHS
ICHYIOUHMX METOIB OYHUIIICHHS BOJM BiJl i0HIB MapraHIiO € CKJIAIHOIO MPOOIEMOI0.

AHaJi3 momepeaHix gocaigxKeHb. KO CyIUTH O JiTEpaTypHUM JIaHUM, TO MPOOIEMi OYHIICHHS BOAM BiJl
MapTraHIlio NPUIiSIETECS 3HaYHA yBara [4-6]. Yacrtinie 3a Bce BUKOPHUCTOBYIOTHh (ibTPYBajbHI 3aBaHTaKEHHS i3
HaHECEHNM Ha IOBEPXHIO 3€peH KaTamizaTopoM. [lye 94acTo akTHBHHM KOMIIOHEHTOM KaTalli3aTopa € OKCHA
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