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Abstract. In recent years, methods of utilization of lumpy mineral raw materials of chromium production by encapsulation
with modified sulfur from substandard grades of oil to obtain sulfur concrete have become increasingly popular. A significant
amount of lumpy waste with a low content of Cr,03 (~ 5-7% wi/w) is formed when Kazakhstani chrome raw materials are pro-
cessed by gravitation methods, and they can only be used as backfill in mine construction or as a component in building and
road-building mixtures. Wastes from chromium deposits in Kazakhstan are located in close proximity to oil deposits in the
Aktobe region, which are characterized by a high content of sulfur-containing heavy oils, which can be jointly disposed of in
the form of sulfur concrete. Composite material - sulfur concrete is produced based on sulfur polymer binder - GreenCrete™
modified sulfur under GOST R 56249-2014. The possibilities of the sulfur-concrete composite formation process for the use of
beneficiation tails of 10-160 mm class chromium raw material as inert materials have been studied. The characteristics of the
samples obtained during the tests allow us to draw conclusions about the relatively successful encapsulation of chromium
production waste in an amount of 15% by weight of the sample with the formation of sulfur concrete of the M400 class, while
with a 10% content of materials for enrichment of chromium raw materials, the M500 indicator was achieved.

Keywords: chromium raw materials, mine backfill, road pavement, sulfur polymer binder, recycling of poor chromium raw

materials.

1. Introduction

The problem of disposal of chrome ore tailings, a toxic
waste from chrome ore processing, has not been solved any-
where in the world so far resulted in closure of chrome pro-
duction in a number of developed European countries and
Japan [1]. In particular, the high content of calcium and sili-
con in the sludge prevents its use in the production of refrac-
tory materials.

The mines and quarry of the Donskoy GOK are located
near the city of Khromtau in the northwestern part of Ka-
zakhstan, 90 km east of Aktobe, the administrative centre of
the Aktobe region. There are currently two mines and a quar-
ry, two processing plants and two tailings processing sites in
operation. At the concentrating plant, a large-sized chromium
concentrate is obtained by heavy-medium separation with a
Cr,03 content of 48-50%, which is melted in electric arc
furnaces to obtain ferrochrome [2]. Currently, poor chromite
ores and dumps of off-balance ores are involved in pro-
cessing, which serves as additional sources of raw materials.
When they are enriched, large-sized fragments with a low
chromium content remain in the waste rock.

In recent decades, increasing volumes of oil and gas pro-
duction, as well as deep cleaning of oil and gas from sulfur,
have led to the storage and accumulation of vast reserves of
sulfur. One of the promising ways to sell these sulfur reserves
is the production of compositions based on sulfur (sulfur
concrete, sulfur asphalt concrete). The main advantages of
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sulfur concrete over ordinary concrete are its higher strength
characteristics (in compression and bending), low water ab-
sorption, the ability of this material to work in tension, corro-
sion resistance, water resistance, frost resistance, rapid
strength development, low shrinkage and the possibility of
recycling. At the same time, concrete and sulfur concrete are
approximately equal in cost. But the production of sulfur
concrete is possible even on fine sands (ordinary concrete will
fall apart on such sand or require enormous overspending of
the binder). And if traditional concretes are at least three-
component, then sulfur concrete consists of two: modified
sulfur and any of the fillers. However, the properties of sulfur
concrete depend on the exact observance and control of the
technological process and quality control of the input raw
materials at all stages of production.

Sufficiently high content of Mg?*, AI**, Fe®* Mg?*, Al¥*
and Fe3* ions in the initial chromium raw material prevents
the formation of a compound - elite - the main component of
cement- three-calcium silicate (CasSiOs), when, as in the
production of sulfur concrete, such a problem no longer
exists. However, the properties of sulfur concrete depend on
the exact observance and control of the technological process
and the quality control of incoming raw materials at all stag-
es of production.

At the same time, concrete and sulfur concrete are ap-
proximately equal in cost. But the production of sulfur con-
crete is possible even on fine sands (ordinary concrete will
fall apart on such sand or require overspending of the bind-
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er). And if traditional concretes are at least three-component,
then sulfur concrete consists of two: modified sulfur and any
of the fillers. Reinforced concrete piles, foundation blocks,
railway sleepers, road and paving slabs, curbstones, weights
for gas and oil pipelines, sewer and water wells, hatches for
heating mains, etc. can be made from sulfur concrete; mono-
lithic foundations and pavements of roads and sites; hydrau-
lic structures, including facing slabs for irrigation canals and
construction, slabs for the construction of hydroelectric pow-
er stations, state district power plants and other hydraulic
construction, bank protection, breakwaters; underground
storage facilities for the disposal of aggressive environments,
including radioactive ones, and much more [3].

When testing the sulfur asphalt concrete pavement, re-
sistance to mechanical loads and weather and climatic condi-
tions was shown. In sulfur-asphalt concrete, sulfur plays the
role of a binder between bitumen and crushed stone, and has
high adhesive properties with positively and negatively
charged microparticles of the crushed stone grain surface,
due to which the adhesion properties between bitumen and
crushed stone increase. Couplings pass through the entire
geometry of the cleavage, and not through particles of the
same charge. Therefore, new composites do not require the
use of surfactants. In the era of the emergence of higher axial
loads and a high increase in traffic intensity, modern road
surfaces should provide increased shear resistance at high
summer temperatures, crack resistance at low temperatures,
and be characterized by high corrosion resistance under the
influence of anti-icing materials (chemical reagents). At the
same time, a due role in assessing the durability of road sur-
faces is given to wear resistance, the ability of the material to
withstand the effects of heavy traffic at high speeds, as well
as the effects of studded tires and various other factors. The
increase in the functional reliability of asphalt concrete
pavements is currently associated in the world with the use
of various modifying additives that help improve the
transport and operational properties of road pavements. Such
modifiers include: polymeric thermoplastic elastomers,
crumb rubber and others. Bitumens of different viscosities
and bituminous mastics are used as a binder. Therefore, the
duality of sulfur is considered as a copolymer binder and as a
reinforcing component that creates the effect of a “stone
flower” [4-9]. In sulfur-asphalt concrete, sulfur plays the role
of a binder between bitumen and crushed stone, has high
adhesive properties with positively and negatively charged
microparticles of the crushed stone grain surface, due to
which the adhesion properties between bitumen and crushed
stone increase. Couplings pass through the entire geometry
of the cleavage, and not through particles of the same charge.
Therefore, new composites do not require the use of surfac-
tants (surfactants, high adhesion to stone material).

In a number of countries (Russia, USA, Canada, France,
England, Holland) there is a wide experience in the use of
sulfur in the manufacture of concrete (sulfur concrete), as
mentioned above, and asphalt coating (sulfur bitumen), in
order to reduce cracking, increase thermal stability, save up
to 50% organic binder component [10].

Sulfur-containing road surfaces help to reduce the con-
sumption of bitumen, which in turn is a valuable oil-bearing
raw material and belongs to super-heavy grades of oil. The
addition of sulfur makes it possible to improve the perfor-
mance of the pavement in compression, respectively, to reduce
the functional thickness of the pavement and to reduce the
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consumption of gravel by a factor of three. Such pavements
have a longer service life, do not crack in the heat and cold,
and have a higher resistance to dynamic loads. Sulfur is active-
ly used in road construction in Canada, USA, EU. High per-
formance road surfaces contain up to 40% sulfur. It has been
proven that sulfur asphalt is safe after curing. At the same
time, it is estimated that the use of sulfur in the construction of
roads will significantly reduce their cost by reducing the thick-
ness of the coating, the amount of bitumen and gravel used.
Also, the cost of maintaining roads will be reduced due to the
use of a more efficient and wear-resistant coating [11].

It is possible to form binder components from the mineral
part of chromite raw materials based on compounds similar
in chemical composition to Sorel cements but it requires the
use of additional chemical compounds [12-15].

The production of composite sulfur concrete is connected
with the use of a binder with a different nature - modified
sulfur with a proportion of "insoluble sulfur" of a metastable
polymeric modification requiredunder GOST R 56249-2014.
Chemisorption processes involving metastable polymer mod-
ification with the formation of a solid composite material -
sulfur concrete take place at elevated (up to 150°C) tempera-
tures and the interaction with silicon oxide sand. Industrial
wastes in this case serves as an inert filler performing a struc-
turing function in the amount of the rocky body [16-17].

Green Crete modified sulfur under GOST R 56249-2014
(modified technical sulfur for the sulfur concrete production)
is a product of processing lump or liquid Claus block sulfur
under conditions of chemical conversion. Technically, there
are now no restrictions on the performance of such equipment
supplying a binder for the sulfur concrete production process.
Modular sulfur-concrete plant provides isothermal mixing of
modified sulfur with inert materials in a mass ratio of 1:3 with
the capacity of 20 tons/hour and more, with the production of
commodity sulfur-concrete, under PNST 105-2016, and rein-
forced concrete products based on it. However, these technolo-
gies are not widely used in Kazakhstani industries, so this
work is relevant and significant for the concrete industry.

2. Methods

The studies were performed to obtain comparative char-
acteristics of the physical and operational characteristics of
the sulfur concrete samples in comparison with Portland
cement concrete.

Physical and performance properties of the sulfur con-
crete samples obtained in comparison with Portland cement
concrete are presented in Table 1 and depend on inert fillers:
crushed stone and fine-dispersed admixtures, as well as on
the efficiency of air removal from the amount of material in a
concrete mixer.

Normative document PNST 105-2016 provides the fol-
lowing classification of inert materials:

1. Use as a fine filler - use the products obtained by
grinding of rocks or solid industrial waste to prepare sulfur
concretes. Acid resistance of fine aggregate must not be less
than 97%.

2. Use sand under GOST 8736 as the fine aggregate for
sulfur concrete. Acid resistance must be not less than 97%.

3. Use crushed rock or crushed gravel under GOST 8267,
slag crushed under GOST 3344 as the coarse aggregate for
heavy sulfur concretes. The maximum grain size of the ag-
gregate must be not more than 40 mm.
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Table 1. Comparative characteristics of GreenCrete sulfur

concrete and Portland cement concrete

Portland
Unitof | Modified sulfur concretes cement con-
Parameters meas- crete
urement = With dense = With porous With dense
aggregates aggregates aggregates
Average density | kg/m® | 2,300-2,500 = 1,600-2,000 2,200-2,400
Compression 10y 49.90 30-50 30-50
strength
Bending MPa  10-12 7-8 8-10
strength
Compression
elasticity MPa (3'5'?];, DXL 005100 (2.4-2.8)x10°
modulus
Poisson's ratio - 0.25 0.31-0.21 0.19-0.21
Coefficient of
Linear Thermal ) 6 ) 6 _ 6
Expansion C  |(11-13)x10-5  (7-9)x10 (10-12)x10
CLTE
Linear shrinkage % 0.02 - 0.02
Watetriggsorp' % 09-15 0.7-1.1 1.0-35
Frost resistance = Cycles 300-800 up 100 100-300
Water resistance 20-40 10-20 8-10
Fricionfe- —\om | 04045 03-0.35 0.35-0;4
sistance
Heat resistance C 80 80 120
Concreting at Warmingup is
subzero temper- Possible required
atures
Concreting
_under_water, Possible Obstructed
including sea
water
Chemical . Protectionis
: High :
resistance required
Production
wastes, after Absent Available
operational
period

To prepare a sample of GreenCrete™ grade sulfur con-
crete, chromium raw material jigging tailings of the Donskoy
Mining and Processing Plant of the 10-30 mm class have
been produced, that is, they are superior in size to sand of
increased size according to GOST 8736. Industrial waste
samples in the amount of 10 and 15% of the final mixture
weight were heated with river sand of medium coarseness
and mixed with GreenCrete ™ modified sulfur (under GOST
R 56249-2014 with the characteristics presented in Table 2)
in the amount of 25% of the final mixture weight.

Table 2. Characteristics of GreenCrete modified sulfur

Parameter Value
Mass fraction of sulfur, %, min. 98.80
Mass fraction of ash, %, max 1.00
Mass fraction of acids, %, max 0.02
Mass fraction of organic stabilizer, %, max. 0.20
Mass fraction of water, %, max 0.06
Mass fraction of insoluble (toluene, 60°C) 8.00

part, %, min

The results of chromium waste encapsulation (The con-
crete is made at 150°C, the concrete hardens when it is
cooled in natural conditions) are shown in Table 3.
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Table 3. The results of chromium waste encapsulation

Lab number

Design concrete

Date of placing

Test Date

grade
441/1,yellow B30 13.08.2021 15.08.2021
441/2, grey B40 13.08.2021 15.08.2021
Strength of Required strength Percentage of
of concrete at the -
Age, days concrete, MPa, required
Rm age of 28 days, strength
MPa, Rm
2 38.0 38.4 99
2 51.8 51.2 101
3. Discussion

Both samples of gray and yellow material, respectively,

were obtained at a temperature of 150°C and in the process
of intensive mixing; they were poured into 100x100 mm test
cubes and vibrated on a SMZh-539 vibrating pad.

The characteristics of the samples obtained during the
tests and shown in Table 3 suggest that the encapsulation of
chromium production wastes in the amount of 15% of the
sample weight with the production of M400 class sulfur
concrete was relatively successful, while M500 was achieved
at 10% of the amount of chrome beneficiation materials.

If weighting agents (e.g., lead shot) are added to the ob-
tained sample materials it is possible to obtain composite
concretes with radiation and protective properties for dispos-
al of radiochemical wastes of low and medium activity.

The use of technical sulfur modified with additives as a
binder for the production of sulfur concrete will make it
possible to control its physical and mechanical properties in a
wide range. In the process of preparing concrete, sulfur melts
and plays the role of an independent binder, evenly distribut-
ed among the mineral components, enveloping them, creat-
ing structural bonds of the crystallization type.

4. Conclusions

The results obtained prove that the weight of the disposed
chrome tails by the encapsulation method of the 10-40 mm
chrome beneficiation tailings will make 24 thousand
tons/year with the output of M400 class sulfur-concrete with
the productivity of the experimental modular sulfur-concrete
plant of 20 t/h, i.e. 160 thousand tons/year. Larger particles
of the chrome beneficiation tailings must be subjected to
crushing to the limit size of crushed stone specified in PNST
105-2016 for the production of sulfur concrete, i.e. 40 mm.

The number of disposed tailings can rise by increasing the
productivity of the pilot plant and the number of pilot plants.
The technology provides 100% replacement of Portland ce-
ment and solves the environmental problems of oil-producing
regions and chromium production in Kazakhstan through
using industrial waste (lump sulfur) and sludge tailings.
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GreenCrete™ mapkaJibl KOMIIO3UTTIK cepo0eTOHFA KarcyJiajaay daicimeH
10-160 MM KJIaCThI XpPOM IIHMKI3aThIH 0AWBITY KANABIKTAPBIH KellleH/1i KaiiTa

OHJIeY/l 3epTTey

U.B. Byceirun?, E.U. Kennees?, U.B.Bornapenko?, A.B. Bonkos?, JI.JI. Xaiipyrmnosa®

y6run unoceneprix-mexnuxanvix opmanvievt, Opwinbop, Peceii

2Satbayev University, Memannypeus dcane key baiioimy uncmumymut, Anmamet, Kasaxcman

*Koppecnonoenyus ywin asmop: 1.bondarenko@imio.kz

Anpatna. COHFBl  KBUIIAPBI  CEPOOETOHIAPIBI

almy  ymiH

KOH/IWITNOHEpJIeHOeTeH  MyHail  COpTTapblHaH

MoTuHKANUATIaHFaH KYKIPTIEH Kamcynajay apKbLIbl XpOM OHIIPICIHIH KeCceK MHHepangbl IINKi3aTBIH KoJere jkapaTy
Tocinaepi OapraH caiibiH TaHbIMan O0oia Oactaapl. Ka3akCcTaHABIK XpOM MIMKi3aThIH TPaBUTAIMS 9iCTepiMEH OHJEY Ke3iHIe
kypambiaaa CroO3 Menmnepi TOMEH ipi KeceK KaaIbIKTapAbIH eoyip kKenemi Ty3ineni (~5-7% canMak.), oJlap Heri3iHEeH maxra
KYPBUIBICBIH/Ia KaiTa TONTHIPY HEMECE KYPBUIBIC XQHE >KOJ-KYpPBUIBIC KOCIaJapblHAa KOMIOHEHT peTiHAe MaiaaiaHbLTybl
MYMKiH. Ka3zakcTaHHBIH XpOM KEH OpBIH/IAPBIHBIH KaJABIKTapbl AKTe0e 00JIBICBIHAAFE KYKIPTI Oap ayblp MyHail COPTTapbIHBIH
JKOFapbl KypaMbIMEH CHIATTajaThlH MYHail KeH OpBIHJapblHAa TiKeNieH »aKbIH OpHAIACKaH, OJaplbl CepoOeTOH TypiHge
Oipyecin kazere sxaparyra Oosazael. Kommosurrik marepuan cepoberon MEMCT P 56249-2014 cranpgapTbl OoiiblHIIA
GreenCrete™ mapkaiibl MOAU(UKALMSUIAHFAH KYKIPT-CEPOIIOIMMEPITi TYTKBIP 3aT Heri3iHae eHaipiiesni. MuepTTi Marepuanaap
periage 10-160 MM KIacTel XpOM IIHKi3aTHIH OAWBITYy KaJABIKTAPBIH MaianaHy YIIiH cepoOeTOH KOMIO3HUT KaNbIITACTHIPY
mpoleciHiH MyMKiHAikTepi 3eprrenai. CeiHakTap OapbiChIHAA alblHFAH YITUIepAiH cunarramanapel M400 kmacTel
cepoOeToHABI YHpeTe OTBIPHIN, YITi MaccacsiHBIH 15% Memmepinae XpoM eHIipici KaJIABIKTaAPBIH CABICTRIPMAIBI TYPIE COTTI
Karcyjajgay Typajibl KOPBITBIHABI jKacayra MYMKIHIIK Oepemi, al XpOM IIMKIi3aThlH OalbITy MarepuanmapbiHbiH  10%
Kypambiaaa M500 kepceTKintine Ko )KeTKi3immi.

Hezizzi co30ep: Xpom wuKizamol, WaAxmanblx MOAMbIPY, HCOJL HCAMBLIEbICHL, CEPONOIUMEPL MYMKbID 3am, Keoel Xpom
WUKIZamulH Ka0eze dcapamy.
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HccaenoBanusi KOMIJIEKCHOM MepepadoTKH XBOCTOB 000ranieHust
XPOMOBOTO ChIpbi Kjacca 10-160 MM MeTOIOM KANCYJIMPOBAHNSA B
KOMIO3UTHBbIH cepodeToH mapku GreenCrete™

U.B. Bycwirun?, E.W. Kynbaees?, U.B.Bounapenko®”, A.B. Bonkos!, JI.J]. Xaiipyraunosa®

ybrunckuii unocenepro-mexnuueckuii yenmp, Openbype, Poccus
2Satbayev University, Hncmumym memannypauu u obozawjenus, Ammame, Kazaxcman

*Aemop ons koppecnondenyuu 1.bondarenko@imio.kz

AnHotanusi. B nocnenHue roasl Bce 0OJIBUIYIO NOMYJISIPHOCTh HAXOAT CIIOCOOB! YTHIM3AIMK KYCKOBOTO MHHEPAIBLHOTO
CBIPBSl XPOMOBOTO MPOM3BOJCTBA KAIICYJIMPOBAHMEM C MOAM(DHUINPOBAHHON CEpOil M3 HEKOHAMIIMOHHBIX COPTOB HE(TH I
MOTydeHHsI cepoOeTOHOB. [Ipy mepepaboTke Ka3axCTaHCKOTO XPOMOBOTO CBHIPbS METOAAMH T'PAaBUTALMH 00pa3yeTcsl 3HAYH-
TEIbHBIM 00BEM KPYITHOKYCKOBBEIX OTXOIOB ¢ HU3KUM coxepxanneM CryOsz (~5-7 % Bec.), KOTOpbIE MOTYT OBITH MCIIOJIBE30Ba-
HBl B OCHOBHOM B BHJE OOpaTHOH 3achIIKM B IIAXTHOM CTPOUTENHCTBE WM KOMIIOHEHTAa B CTPOMTEIBHBIX M JOPOXKHO-
CTPOUTENBHBIX cMecsiX. OTXOIBI XPOMOBBIX MecTOpokaeHH KasaxcTaHa pacrosioKeHBI B HEMOCPEACTBEHHOH OJIM30CTH K
He(pTSHBIM 3amexaM B AKTIOOMHCKOW 00JIaCTH, XapaKTepU3YIOMINMCS BBICOKHM COJICPKaHHEM CEPOCOIEPKAMNX TSDKEIBIX
COPTOB HE(TH, KOTOPbIE MOT'YT OBITH COBMECTHO YTHIIM3UPOBaHBI B (hopMe cepobeToHOB. KoMMO3UTHBIN MaTeprai cepoOeToH
MPOU3BOJUTCS HA OCHOBE CEPOMNOJIMMEPHOTO BsOKyIero — mMoauduuupoBaHHOM cepbl mapku GreenCrete™ mo crangapty
I'OCT P 56249-2014. VccnenoBaHbl BO3MOKHOCTH IpoIiecca 00pa30BaHusi CEPOOCTOHHOIO KOMIIO3UTA IS MCIIOJIb30BAHUS
XBOCTOB 00OTallleHus] XpOMOBOTO ChIpbs kiacca 10-160 MM B KauecTBE MHEPTHBIX MAaTEPHUANIOB. XapaKTEPUCTHKH MOJTyISHHBIX
B XOJI¢ UCIIBITAHUI 00pa31oB TO3BOJISIIOT C/IENaTh BHIBOABI 00 OTHOCUTEIBHO YCIIEIITHOM KalCyJIMpPOBaHHU OTXOJI0B XPOMOBO-
ro MPOM3BOCTBA B KosimdecTBe 15 % OT Macchl 0Opasiia ¢ moyueHueM cepoberoHa kiacca M400, B To Bpems kak mpu 10 %
coZIep’KaHUU MaTepHaJIOB 00OTAIEHHUsI XPOMOBOTO CBIPbsS OBLT JOCTUTHYT MoKa3aress M500.

Knrwouegvie cnoea: xpomosoe coipve, WaxmHas 3acbinkd, 00OPOICHOE NOKpbimuUe, CeponoIUMepHoe 8adicyuee, Ymuausayusl
06e0H020 XPOMOBO2O CbIPbA.

15


mailto:i.bondarenko@imio.kz

