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Abstract. The study was aimed at reducing losses of chromium due to the effective dehydration of sludge generated
during the production of chromium pellets. The results of studies on thickening and filtering sludge are presented.
The study showed that Flopam AN926 is an effective flocculant for thickening sludge, while the solid content in the
thickened sludge increases from 1-2% to 50-55% with a specific thickening operation of 0.02 t/(m?*h) and a clean
top discharge 150 mg/l. In the process of press filtration, the moisture content of the sludge is reduced to 13.4% with
a specific productivity of 0.1 t/(m?*h). Dehydrated sludge can be used for the production of chrome pellets or for the

smelting of ferroalloys.

Keywords: Sludges of chrome production, thickening, flocculant, press filtration.

Information about authors:

3337-5207. E-mail: andrei.stogov@outotec.com

Tusbayev B.N. — Manager of mineral processing, “Research engineering center ERG” LLP, Nur-Sultan,
Kazakhstan. ORCID ID: 0000-0001-5960-4580. E-mail: bakytzhan.tushayev@erg.kz

Akimzhanov Z.A — Ph.D., Engineer of mineral processing, “Research engineering center ERG” LLP, Nur-
Sultan, Kazakhstan. ORCID ID: 0000-0002-2443-3439. E-mail: zhomart.akimzhanov@erg.kz
Kolesnichenko V.Y. — Test-Engineerr, Outotec Saint-Petersburg, Saint-Petersburg, Russia. ORCID ID: 0000-
0002-4460-9833. E-mail: vladislav.kolesnichenko@outotec.com

Stogov A.V. — Test-Engineer, Outotec Saint-Petersburg, Saint-Petersburg, Russia. ORCID ID: 0000-0003-

Introduction

This study presents the results of a study that was
aimed at the decrease in chromium losses with sludge
generated during the production of chromium pellets.
As a result of the study, the technological parameters
of the sludge thickening process were determined
from a solid content in the pulp of 1-2% to 50-55%
(type and dosage of flocculant, specific productivity
of the thickening operation, solid content in recycled
water), and the technological conditions of the press
filtration process of condensed sludge were
determined. Dehydrated sludge can be used to
produce chrome pellets or smelt ferroalloys.

Experimental part

During the production of chromium pellets [1],
sludge is formed which are:

- sludges obtained from scrubbers of the wet dust
collection system of the roasting machine;

- underwashing of way dirt of the burden
constituent, raw pellets and fired product from the
territory of the pellet production site.

The properties of the sludge formed during the
production of chromium pellets are as follows: the
Cr203 content is 48-52%, the solid phase density is
3.47-3.66 t/m3, and the solid content in the pulp is 1-
2%. Under current production conditions, sludge is
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directed to the existing clarifier, while the solid
content in the clarifier feed is 1-2%, and the solid
content in the condensed product is not higher than
5%. To study the process of sludge dehydration,
together with Outotec, thickening and filtration
studies were carried out to obtain a mass fraction of

moisture in dehydrated sludge at the level of 8%. The
granulometric composition of the sludge is shown in
Figure 1, which shows that the amount of class -20
um is 15%, the amount of class -70 um is 80% and
100% of the size of the sludge is less than 0.3 mm.
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Figure 1 Granulometric composition of sludge

—— 49 ——



KomnnekcHoe Vicnonb3osaHne MuHepanbsHoro Ceipbs. Nel (312), 2020

ISSN-L 2616-6445, ISSN 2224-5243

The thickening study was carried out to
determine main technological parameters:

- type of flocculant and its flow rate;

- purity degree of the drain after thickening;

- solid content in the condensed product and its
physical properties.

To determine the effective flocculant for
sedimentation of sludge, the following flocculants of
the companies were tested:

- BASF-Magnafloc 10, 336, 1011;

- Nalko - 71661, 8331Q;

- Kemira - A120HMW, A95HMW;

- SNF Floerger - Flopam AN926.

The results of experiments to determine the
deposition rate depending on the flow rate of the
flocculant are shown in Figure 2.
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Figure 2 Sludge sedimentation rate depending on the type and the flow rate of the flocculant

According to Figure 2, it is clear that the Flopam
AN926 flocculant sediments sludge most effectively,
so when increasing flocculant flow rate from 5 to 15
g/t, the sludge sedimentation rate rises from 120 to
165 m/h. According to the Outotec methodology, it
was found that the optimum concentration for
solidification is the solid content in the feed supply
of the thickening operation at the level of 34.7%.

The determination of sludge thickening in
dynamic mode was carried out on a laboratory
thickener, shown in Figure 3.

At different pH values of the source sludge
(regulated by the addition of lime) were tested in a
dynamic mode.

In each test, the initial sludge was supplied by a
peristaltic pump from the agitation tank to the feeding
well of the thickener. At the same time, a flocculant
with a concentration of 0.5% was supplied to the
supply well by another pump at a given flow rate. The
laboratory thickener is equipped with rakes that help
to dehydrate the material, rotating at a speed of about
2 rpm.

To thicken the sludge, a rake configuration with
three static and two dynamic peaks was used. When

Figure 3 Outotec laboratory thickener 99 mm in diameter

thickening the sludge, overflow samples were taken
at a bedding height of the thickened sludge of 160
mm at the discharge level of the supply well.
Thickened sludge samples were also taken using a
peristaltic pump.

The first dynamic test was carried out with a solid
content of 1% in the laboratory thickener feed and a
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load of 0.02 t/(m?*h). The Flopam AN926 flocculant
consumption was 8 g/t, the pH value of the medium
in the thickener was 8-9. As a result, a thickened
sludge with a density of 56.7% was obtained; the
solid content in the overflow of the thickener was 150
mg/l.

The second dynamic test was also carried out
with a solid content of 1% in the laboratory thickener
feed and a load of 0.02 t/(m?*h). The Flopam AN926
flocculant consumption was 8 g/t, the pH value of the
medium in the thickener was increased to 11-12. The
thickened sludge with a density of 46% was received,
the solid content in the overflow of the thickener was
150 mg/l.

The rheological properties of the thickened
sludge (shear stress) were determined using a Haake
thermo VT550 rotational electronic viscosimeter and
an ok600 4-bladed nozzle, shown in Figure 4.

Figure 5 Spreadability of sludge thickened to a 56%
density according to the Warman Ring test

a pH medium of 8-9 and Flopam AN926 flocculant
flow rate at the level of 8 g/t. In this case, the shear
stress of the thickened sludge is at the level of 90-100
Pa and the spreadability according to the Warman
Ring test is 2-3 ring.

According to the classification given in [2], the
thickening of chrome sludge proceeds according to
the light thickening mode, which is characterized by
a specific productivity of 0.01-0.05 t/(m?*h).

A study on the filtration of thickened chromium-
containing sludge was carried out on an Outotec pilot
filter press, which is shown in Figure 6.

Figure 4 Haake thermo VT550 viscosimeter

It was determined that when increasing the solid
content in the thickened sludge, the shear stress
increases - for example, up to 33 Pa at a density of
46%, up to 94 Pa at 56%. According to these data, the
main mechanisms of the thickener are calculated
(hydrostation, geared system, rake) further at the
design stage.

The spreadability of thickened sludge according
to the Warman Ring test is equal to 3-4 ring at a
density of 46% and 2-3 ring at 56% (shown in Figure
5). These data together with other ones are used to
calculate and select sludge pumps for thickened
product pumping. According to the results of the
study, it was found that the chromium-containing
sludge generated during the production of pellets can
be thickened at a specific productivity of 0.02
t/(m2*h) from a solid content of 1-2% to 50-55% at

Figure 6 Outotec pilot filter press with 0.27 m?
filtration area.

The pilot filter implements filtration, pressing
and blowing-out of the cake layer during
dehydration. The filtration operation is carried out
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when the filtration press chamber is filled with sludge
under a pressure of 6 bar. The membrane pressing of
the sludge is carried out at a pressure of 12-16 bar,
due to which excess moisture is removed through the
filter cloth from both sides of the filtration chamber.
The cake blowing-out is carried out at a pressure of 6
bar during up to 4 minutes, when moisture is replaced
by air in the material layer. After the filter opening,
the cake is unloaded onto the pallet. In the study,
ASKO T50 filter cloth was used, the depth of the
chamber was 50 mm.

e \

Figure 7 Photograph of a chromium-containing
sludge cake from a pilot filter press

In the tests, cake with a moisture content of 13.4
to 14.8% was obtained, depending on the duration of
filtration, pressing and blowing-out. The specific
productivity in the tests ranged from 99.8 to 126.2
kg/(m?*h). A decrease in humidity up to 13.4% was
achieved by increasing the duration of membrane
pressing and blowing-out, while the productivity of

the press filtration process achieved during the study
is comparable to the data of [3, 4] on the press
filtration of concentrates with a fine particle size
distribution - class content - 45 um more than 80%.

The discussion of the results

Initially, it was assumed that in the course of
thickening and subsequent press filtering, a cake with
a moisture content of 8% would be obtained,

however, it was not possible to obtain a cake
below 13.4%, while the cake was loose, transportable
and did not adhere to the filter cloth. The inability to
obtain cake moisture below 13.4% is due to the
properties of the sludge that is formed during the
production of chrome pellets, namely the presence of
bentonite in an amount of up to 1% inside the
particles of the sludge.

Conclusions

Thus, when studying the dehydration of
chromium-containing sludge formed in the
production of chromium pellets, it was found that:

- sludges can be thickened from a solid content
of 1-2% to 50-55% at a pH medium of 8-9 and a
Flopam AN926 flocculant flow rate of 8 g/t, while the
specific productivity of the thickening operation is
0.02 t/(m**h);

- in the process of filtering sludge, cake is formed
with a mass fraction of moisture of 13.4% depending
on the time of filtration, pressing and blowing-out,
while the specific productivity of the filtration was
99.8 kg/(m?*h).

Based on the results of the study, Outotec
proposed measures to modernize clarifiers into high-
performance thickeners and a filter press for effective
dehydration of chromium-containing sludges.
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Xpom TynipuwikTepiH eHAipy Ke3iHae nanaa 6onartbiH WnaMmabl TUiMA
cycbi3aaHablpyfa 6annaHbICTbl XPOM WbIFbIHbIH a3anTy

Tyc6aeB B.H., AknmxkaHoB X.A., KonecHu4yeHko B.E., Ctoros A.B.

Tyiiingeme. 3epTTey XpoM TYHIPUIIKTEPiH OHIIPY KE31H/e Maiia O0JIFaH NUTaMIbl THIMIII CYChI3AaHbIPyFa OaillaHBICTHI
XPOMHBIH IIBIFBIHBIH a3aiTyra OarbiTTanrad. lllmaMuipl Koronay >koHE Cysrijiey OOWBIHINIA 3epTTeyJIepAiH HOTHXKeNepi
KenTipinares. 3eprrey kepcerkennei, Flopam AN926 nuramabl KorosaHapIpyFa THIMII (QIOKYIISIHT OOJIBIT TaObLIabL, all
KOIOJIAaHIBIPBUTFaH ITaMAaFbl KaTThl KypaM 1-2% -nan 50-55% -ra neiiin apTaibl, KOIOJaHBIPY ONepalnsChIHBIH HAKTHI
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enimainiri 0,02 1/(M%*car), JoFaprbl arbi3y TazablFbl 150 mr/i. Tlpeccti cy3y NpoLeciHie MUIAMHBIH bUIFAIbLUIbIFbI
13,4% neitin xerkizingi, HakThl eHiMaitiri 0,1 1/(mM?*car). CychI3naHAbIPbUIFaH IJIAMbI XPOM TYHipLIIKTEpiH OHIIpY
HeMece (heppOoKOphITIaapAbl OAJIKBITY YILIH Makigananyra 0onazibl.

Tyiiingi ce3mep: XpoMm eHAIpICiHIH HLIAMIAPbI, KOIOIAHIBIPY, (QIOKYJISHT, IPECCTI CY3y.

CHuXxeHune noTepb XpomMa 3a c4HeT 3deDeKTVIBHOFO 006e3BOXMBaHUA LWINaMOB,

obGpa3sywmxcs npu NPon3BOoACTBE XPOMOBbIX OKaTbIllen

Tycb6aeB B.H., AknmxkaHoB X.A., KonecHn4yeHko B.E., Ctoros A.B.

AnHoTanus. VccrnenoBanue ObUIO HAlpaBlICHO Ha CHW)KEHHE MOTEPh XpoMa 3a c4eT 3(p(eKTHBHOrO 00e3BOKUBAHMS
IIJJaMOB, 00pa3yOUIMXCs B MPOIEcce MPOU3BOJICTBA XPOMOBBIX OKaThillel. [IpiuBeeHbl pe3ynbTaThl HCCIEeI0BAHHS 110
crymeHuio u Quibrpanuu nuiamoB. MccnenoBanueMm mnokaszaHo, 9To 3(QEeKTUBHBIM (IIOKYJISHTOM ISl CTyIIEHUS
uutamoB siisiercs Flopam AN926, mpu 3ToM coliepikaHue TBEpAOro B CIYIICHHOM LiaMe moBkIiaercs ¢ 1-2% mo 50-
55% ¢ yaenbHOM TTPOM3BOAUTENLHOCTEIO onepamuy crymenus 0,02 1/(mM2*4) u uucrore BepxHero ciusa 150 mr/n. B
porecce Ipecc-(QUIbTPAIMK BIAKHOCTB IIIaMa CHIbkaeTcs 10 13,4% npu yenbHoi npoussoautensHocTd 0,1 /(M%)
O06e3BOKEeHBIE IIIAMBI MOTYT OBITH HCIIOJNIB30BAaHBI JUIS HPOW3BOJCTBA XPOMOBBIX OKATHIMIEH WIIM JUIS BBIIUIABKH
(eppocIutaBoB.

Krouessle ciioBa: [1liaMbl XpoMOBOTO IPON3BOJICTBA, CIYIEHNE, (DIOKYIISHT, pecc-(HIbTPALHSL.

[1]

(2]
(3]

[4]

[1]

(2]

(3]

[4]

Jlurepatypa

I'pumma U.A., Kesi3p0aes XK. A. AHaN3 COBPEeMEHHOTO COCTOSIHAS TSOPHUH U IIPAKTHKU 00OTAIEHHSI XPOMOBBIX
pya. O630p // KoMIurekcHOE NCTIONB30BaHIE MUHEPAIFHOTO CHIpbs, AnMathl, Kazaxcran, 2017, Nel —c. 10-14,
http://kims-imio.kz/#archive

bayman A.B. Crymenme u Bomoobopor. Kommiekcubie pemenus u «HOY XAVY». — HoBocubupcek,
Topmammkemopr, 2011. — 52 c., http://gmexp.ru/info/

KoxonoB A.K., MommakoBa M.C., Hyitmonbaes H.II. BrisBienue BO3MOXHBIX MPUYMH TpoOIeM mpu
00e3BOXKMBaHUM IPOIYKTOB (hoTarronHoro odoraimenus // Bectauk MI'TY um. I'.1. HocoBa, Marautoropck,
Poccus, 2018, T. 16 Ne3 — C.17-24, https://doi.org/10.18503/1995-2732-2018-16-3-17-24

Kenzhaliyev B. K. Innovative technologies providing enhancement of nonferrous, precious, rare and rare earth
metals extraction // Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a (Complex Use of Mineral Resources). —
2019. — Ne3 (310). -Page: 64-75. https://doi.org/10.31643/2019/6445.30

References

Grishin LA, Knyazbaev Zh.A. Analiz sovremennogo sostoyaniya teorii i praktiki obogashcheniya khromovykh
rud. Obzor [Analysis of the current state of the theory and practice of chromium ore beneficiation. Overview] //
Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a [Complex use of mineral resources], Almaty, Kazakhstan,
2017, No. 1 - p. 10-14, (in Russ.). http://kims-imio.kz/#archive

Bauman A.V. Sgushcheniye i vodooborot. Kompleksnyye resheniya i ‘NOU KHAU’ [Condensation and water
circulation. Integrated solutions and KNOW-HOW]. - Novosibirsk, Gormashexport, 2011. - 52 p., (in Russ.).
http://gmexp.ru/info/

Kozhonov A.K., Molmakova M.S., Duyshonbaev N.P. Vyyavleniye vozmozhnykh prichin problem pri
obezvozhivanii produktov flotatsionnogo obogashcheniya [Identification of possible causes of problems during
dehydration of flotation enrichment products] // Vestnik MGTU im. G.I. Nosova, Magnitogorsk, Russia, 2018,
T. 16 No. 3-p.17-24, (in Russ.). https://doi.org/10.18503/1995-2732-2018-16-3-17-24

Kenzhaliyev B. K. Innovative technologies providing enhancement of nonferrous, precious, rare and rare earth
metals extraction // Kompleksnoe Ispol’zovanie Mineral’nogo Syr’a [Complex Use of Mineral Resources]. —
2019. — Ne3 (310). -Page: 64-75, (in Eng.). https://doi.org/10.31643/2019/6445.30



http://kims-imio.kz/#archive
http://gmexp.ru/info/
https://doi.org/10.18503/1995-2732-2018-16-3-17-24
https://doi.org/10.31643/2019/6445.30
http://kims-imio.kz/#archive
http://gmexp.ru/info/
https://doi.org/10.18503/1995-2732-2018-16-3-17-24
https://doi.org/10.31643/2019/6445.30

