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DUMP SLUDGE FROM ALUMINA PRODUCTION STUDY

The paper explores the possibility of involving in the processing of waste sludge
from alumina production and ash and slag from thermal power plants of Aluminum
of Kazakhstan JSC for the production of building products.

Alumina production in the Republic of Kazakhstan is concentrated in Aluminum
of Kazakhstan JSC and is characterized by a large amount of waste sludge and ash
and slag generated by Pavlodar TPP-1, which is part of the structure of the enterprise.

In the work, studies were carried out to obtain concrete mixtures consisting of
alumina production sludge within 25—45 %, ash and slag from thermal power plants
within 31-45 %, lime within 5—15 %, water 10-23 %.

Waste sludge in the composition of concrete served as a component of a
mixed binder and hydraulically active filler, ash and slag — the role of mineral
aluminosilicate additives in the composition of a mixed binder, lime — the role of
hardening activators of a mixed binder.

In the course of the conducted experimental studies, it was found that mixture
No. 1, including 25 % of alumina production dump sludge, 38 % of ash and slag TPP,
15 % quicklime and 22 % water.

Key words: metallurgy, waste sludge, alumina, recycling, construction.

Introduction

Alumina production in the Republic of Kazakhstan is concentrated in Aluminum
of Kazakhstan JSC and is characterized by a large amount of waste sludge generated.
The total volume of generated waste sludge exceeds 80 million tons [1].

The second major source of waste from Aluminum of Kazakhstan JSC is ash and
slag from Pavlodar TPP-1, which is part of the structure of the enterprise [1].

In different years, the following areas of recycling of these wastes were studied
[2-5]:

- as raw materials and active mineral additives in the production of Portland cement;

- in the production of concrete and foam concrete;

- in road construction as a bedding under the base;

- as a mineral powder for the preparation of asphalt mixtures.

In this paper, the possibility of involving in the processing of dump slags for the
production of building products has been investigated.

Materials and methods

The object of the study was waste sludge from alumina production and ash and slag
from TPP-1 of Aluminum of Kazakhstan JSC.
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Table 1 — Chemical composition of waste sludge from alumina production and ash and
slag from TPP-1, %

Name Na,0 MgO | ALO, Sio, SO

K,0 Ca0 Fe,0, CL

3

Waste sludge 1,69-1,93 | 0,7-0,8 | 4,48-7,6 |15,1-18,1 | 0,38-1,13 | 0,03-0,37 | 26,3-31,9 | 23,3-41,6 | 0,07-014

Ash from TPP 0,22-0,91 | 0,59-1,58 | 17-26,7 |31,8-58,7 | 0,08-0,1 | 0,16-0,55 | 1,6-2,13 | 9,9-26,6 | 0,04-0,1

Waste sludge from alumina production of Aluminum of Kazakhstan JSC in terms
of chemical composition is represented mainly by oxides of silicon, aluminum, iron and
calcium, which account for more than 80 % of the mass of the material. Granulometric
composition of waste sludge by fractions: (+1) mm ~ 5 %; (-0.053) mm ~ 30 %.

Calcium oxide and silica are linked to the f-modification of dicalcium silicate in an
inactive form. Iron oxides are represented by magnetite and hematite. A small amount of
sodium oxide and aluminum oxide is present in the waste sludge in the form of calcium
hydrogarnets. These compounds are insoluble in alkaline and aluminate solutions of any
concentration and are absolutely inert. A small amount of sodium hydroaluminosilicate
(HASC) is also discharged to the sludge field along with the insoluble residue.

Waste sludge is not explosive, not radioactive, and according to the degree of impact
on the human body, it belongs to substances of the fourth hazard class.

The chemical composition of ash and slag is mainly represented by oxides of the
main ash-forming elements (silicon, aluminum, calcium, iron, magnesium, sodium,
potassium).

Ash and slag waste from the combustion of Ekibastuz coal belongs to the IV class
of hazard.

In the work, the technology for the production of building products (brick) was
investigated. The compositions of the mixtures are shown in table 2.

Table 2 — Compositions of mixtures from waste sludge from alumina production and
ash and slag from TPP-1, wt. %

Mixture compositions
Name Ne 1 Ne2 Ne3 Ne 4 Ne's
Waste sludge 25 30 31 40 45
Ash and slag from TPP 38 45 31 45 30
Quicklime 15 10 15 5 10
Water 22 15 23 10 15

According to the recommendations [6], as the basis of concrete mixtures, we used
waste sludge from alumina production and ash and slag from thermal power plants,
which perform the following role:

- waste sludge in the composition of concretes and mortars acts as a component of
a mixed binder and hydraulically active filler;

- ash and slag play the role of mineral aluminosilicate additives in the composition
of the mixed binder;

- lime plays the role of hardening activators of the mixed binder.
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The manufacture of building products was carried out on the basis of the technological
line of Ecostroy NII-PV LLP (Pavlodar, Republic of Kazakhstan). This enterprise has
extensive experience in the development and implementation of innovative technologies
for the involvement of metallurgical waste in processing [7-11].

The manufacture of building products was carried out similarly to the technology
described in [8], in which the Rifey-Udar complex was used for the production of
building materials.

The purpose of this complex is to produce a variety of building products from rigid
concrete mixes by vibro-compression. Functionally, the entire production complex is
divided into two components: the mixture preparation system and the forming block
(Figure 1).

Figure 1 — General view of the technological line of Ecostroy NII-PV LLP

Results and discussion

Finished samples were tested for strength in accordance with GOST 8462, as well
as for water absorption, frost resistance and average density in accordance with GOST
7025-91. The test results are presented in table 3.

Table 3 — Results of testing samples from waste sludge from alumina production and
ash and slag from TPP-1, wt.%

Name Mixture compositions

Ne 1 Ne 2 Ne 3 Ne 4 Ne 5
Ultimate compressive strength, MPa:
1 days 22,5 20,1 20,1 17,3 16,5
7 days 24,7 22,0 22,7 22,5 20,1
28 days 28,5 24,6 26,1 23,3 21,5
Average density, g/sm3 1,475 1,460 1,514 1,482 1,539
Water absorption, % 26,8 27,8 26,9 27,2 27,2
Frost resistance, cycles 20 35 15 20 15
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As can be seen from Table 3, mixture No. 1 has the greatest strength after 28 days,
mixture No. 2 has the highest water absorption, mixture No. 2 has the highest frost
resistance, and mixture No. 5 has the highest average density.

Table 3 also shows that the following mixtures have the lowest values of the same
indicators: strength after 28 days — mixture No. 5, water absorption — mixture No. 1,
frost resistance — mixture No. 3 and No. 5, average density - mixture No. 2.

Conclusions

Thus, mixture No. 1, which includes 25 % of dump sludge from alumina production,
38 % of TPP ash and slag, 15 % of quicklime and 22 % of water, has the optimal
properties with maximum strength indicators and relatively high frost resistance of the
above mixture options.
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TJIMHO3EM OHIIPICIHIH YWUIHII HIJIAMJAPBIH 3EPTTEY

Kymvicma Kypulavic Oytivimoapsin 6HOIpy ywin «Kazaxcman amomunuiiiy AK
JHCHLLY INIEKMP CMAHYUSALIAPLIHBIY 2IUHO3eM OHOIPICIHIKY YUIHOI WAAMOapbl MEH KYJi-
KOJICbIH Katlma exoeyee mapmy MyMKiHOiel 3epmmeizeH.

Kaszaxcman Pecnybnuxacwinoa enunoszem orOipici «Kazaxcman anromunutiiy
AK-0a woevipranaan scone Kocinopwin Kypulivimbina kipemin Ilagnooap KI0-1
natioa 6onamviH YUHOL WAAMOAPbL MEH KYI-KOHC KATObIKMAPbIHbIY KON MOJIUEPIMEH
cunammanaobwl.

HKymvicma 25—45 % weeinde enunozem OHOIDICIHIY WAAMOAPLIHAH MYPAMbIH
bemon xKocnanapein, 31—45 % wecinde JHcvlLy AeKMP CMAHYUSIAPLIHBIY Kyl —
KooicwiH, 5—15 % weeinode ok, 10—23 % cy any botiviHwa 3epmmeynep HCypeizinoi.

Bemonoap xypamvinoaewl yiiinoi winamel apanac Tymxvip strcone 2u0pagnuKanviy
bencendi moamvlpevlil KOMNOHEHMINIY pOniH amKapovl, Kyl WIAK apaiac
MYmMKbIPObIY KYPAMbIHOA2Hl MUHEPANObL ATIOMUHOCUTUKAMMbL KOCHAAPOLIY PO,
9K apanac mymxbipobly Kamaro akmugamopiapbliHuly poJi.

IKypeizineen sxcnepumenmmik 3epmmeyiep 0ApuICbIHOA ey JHco2apbl OepikmiK
xepcemkiwmepi 28,5 Mlla Oeneetiinde sicone KOCNAnapowly Ho2apvlod amai2an
HYCKANAPbIHbIY asi32d MO3IMOLNICIHIY CALICMbIPMALbL HCO2aPbl KOPCemKiumepi
bap (20 yukiea Oeuin) Ne 1 Kocnauvly KypamviHOA 2AUHO3eM OHOIPICIHIK YUIHOI
wnamvinviy 25 %-v1, KOO kyn wnacvinviy 38% - i, condipitmesen okmiy 15 %-vi
Jicone cyovly 22 %-vl Oap exkenoiei aHbIKMAaobL.

Kinmmi ce30ep: memannypeus, yuinoi unamvl, 2IUHO3EM, PEYUKTUHS, KYDBLIBIC.
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HNCCIEJOBAHUE OTBAJIBHBIX IIVTAMOB
I'IMHO3EMHOI'O ITPOU3BOJACTBA

B pabome uccnedosana 603mooicHocmy gosneuenus 6 nepepadomKy OmeaibHIX
WIAMO8 2TUHO3EMHO20 NPOU3BOOCHBA U 30J0UIAKA TMENT0BbIX DNeKMPOCAHYUL
AO «Anomunuii Kazaxcmanay 01 npouzeo0cmea cmpoumenbHulx uz0enuil.

Ilpousgoocmeo  enunozema 6 Pecnyoauxe Kazaxcmau cocpedomoueno 6
AO «Amomunuti Kazaxcmana» u xapaxkmepusyemcsi OOAbUUM  KOJUHECHBOM
00pazyiowuxcsi OmearbHblX waamos u 3oaowkiaxos Ilasnooapcxou TOI]-1,
6xo0swell @ CMpyKmypy npeonpusimusl.

B pabome nposedenvt uccneoosanus no noayuenuro OEMOHHLIX cMmecell,
COCMOAWUX U3 UWIIAMO8 2IUHO3EMHO20 Npou3goocmea 6 npeoerax 25-45 %,
30/I0UWAAKA MENN0BLIX dlleKmpocmanyuli 8 npedeiax 31—45 %, uzeecmu 6 npedenax
5-15 %, 6oowr 10-23 %.

Omeanvhvlii  winam 6 cocmase 0OEmMOHO8 BbINOAHAL pPONb  KOMHOHEHMA
CMEUAHHO020 BACY W20 U 2UOPABIULECKU AKMUBHO20 HANOTHUNES, 30T0ULTAK POJlb
MUHEPATLHBIX ATIOMOCUTUKAHBIX 000ABOK 8 COCMABE CMEUAHHO20 BAICYUE20,
U36eCcmd Pob AKMUBU3AMOPOE MBEEPOEHUSL CMEUUAHHO20 BANCYUE20.

B x00e nposedennvix sxcnepumeHmanbHuvIX UCCie008anUll YCMAHO8IeHo, Ymo
ONMUMATLHBIMU CEOUCMBAMU C MAKCUMATbHLIMU HPOYHOCHHBIMU NOKA3AMENAMU HA
ypogue 28,5 MIla u omHOCUMEnbHO BbICOKUMU NOKA3AMENAMU MOPO30CTHOUCKOCMU
(0o 20 yuxnos) u3 evlUEnepeHUCIeHHbLIX 8APUAHMOS8 cMecell obnadaem cmechb
Ne 1, sxmouarowasi 25 % omeanvHo2o wiama eiuHo3eMHo20 npouszeoocmaa, 38 %
sonouinaxa TOL], 15 % neeawennoti uzeecmu u 22 % 6006L.

Kniouesvie cnosa: memaniypeusi, omeanvHwili WAAM, 2IUHO3EM, DEYUKIUHE,
CMpoUumenbLCmao.
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