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OVERBURDEN ROCKS OF KEMPIRSAI DEPOSITS
OF CHROMITE ORE - RAW MATERIALS
FOR PRODUCTION OF CERAMIC PROPPANT

Abstract. The aim of this work is to estimate the overburden rocks formed during the development of Kempir-
sai chromite deposits as a raw material for the production of ceramic proppants. The chemical-mineralogical
composition of overburden rocks of Kempirsai chromite deposits was studied using chemical, microscopic and X-ray
diffraction analyzes. It is established that the main mineral of overburden rocks is serpentine, present in the form of
fibrous chrysotile and lamellar antigorite. In the impurities are iron oxides and hydroxides, carbonates, quartz. Tech-
nological assessment of the use of overburden rocks as a raw material for the production of ceramic proppants was
carried out. The interval of sintering of overburden rocks was determined at 1280-1300 °C. The optimum tempe-
rature of sintering firing of ceramics based on this type of raw material is 1300 °C. The effect of preliminary heat
treatment of raw materials on the properties of magnesium silicate ceramic proppants was studied. A positive effect
of heat treatment of the raw material at a temperature of 1000 °C on the formation of the structure and hardening of
magnesian-silicate composition samples was established. Magnesium silicate proppants based on overburden rocks
were obtained with the following properties: apparent density — 1.6 g/cm’, strength resistance (52 MPa) — 14%,
sphericity and roundness — 0.8; chemical resistance (hydrochloric acid) — 98%, static strength of the fraction 16/20 —
72-118 N/granule. The field of application is oil and gas production, metallurgy and ceramic industries.

Keywords: ceramic magnesium silicate proppant, overburden, minerals, phases, serpentine, chrysotile,
antigorite, porosity, water absorption, strength, structure, apparent density.

Introduction. Hydraulic fracturing to increase the productivity of oil wells is ever more used in
global practice of oil and gas production. Hydraulic fracturing is a technique of creating artificial fractures
in the rock. An essential attribute of hydraulic fracturing are proppants - natural or artificial ones.

The process involves injection of fracking fluid with proppants into well. Proppants hold the fractures
open and create a permeable proppant pack. It results with significantly increase of oil recovery due to
involvement to development weakly drained zones and interlayers.

Aluminosilicate proppants are mainly used among all ceramic proppants [1-10]. However, there are
difficult to develop oil fields with their own characteristics, which require using of proppants with a
specific given set of properties. Therefore, the compositions, properties and technologies of ceramic prop-
pants are constantly being improved. Currently, applied research of magnesium silicate proppants is being
actively carried out [11-17]. Prospectivity of such proppants is that the main raw materials for their
production are the available natural magnesium silicate rocks (dunites, olivinites, talc, serpentinites),
wastes from mining, refractory and metallurgical industries [11-12, 14].

During the mining and processing of Kempirsai chromite deposits (Kazakhstan), a large amount of
overburden and ore enrichment tailings is formed. Involving all these types of raw materials in production
will make it possible to use the mineral resources of the region with minimal losses of mineral compo-
nents at the same mining costs.

The aim of this work is to estimate the overburden rocks which have magnesium silicate composition
as a raw material for the production of ceramic proppants.
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Experimental methods. The chemical-mineralogical composition of raw materials and structural-
phase transformations during heat treatment of ceramic compositions has been investigated by means of
chemical, X-ray diffraction and microscopic methods of analysis. Ceramic samples were molded by using
techniques adopted in the technology of ceramic and refractory materials.

Technical properties of ceramics were determined according to the following GOSTs: 2409-80
"Refractory materials and products. Method for determination of water absorption, apparent density, open
and general porosity", 4071-80 -"Refractory products. Method for determining the compressive strength
limit ", GOST R 51761-2013" Magnesium-silicate proppants".

Chemical analysis of raw materials was carried out in a specialized laboratory for certified methods.

X-ray diffraction analysis of the raw materials and synthesized compositions was carried out on a
diffractometer D8 Advance (BRUKER).

Thermal analysis of samples overburden was conducted using simultancous thermal analyzer STA
449 F3 Jupiter. Heating was carried out at a rate of 15 °C/min and cooling at a rate of 17 °C/min, under
highly purified argon atmosphere. The results were processed using the NETZSCH Proteus software.

Experimental processing and discussion of research results. Studies were conducted on the over-
burden rocks from the Kempirsai chromite deposits. The samples of overburden rocks were represented by
stone-like material of different sizes.

Pieces of rocks have different colors (gray, grayish-marsh, dark-marsh, light with yellow coating,
etc.). Despite the difference in color, they all represent an ultramafic rock - serpentinite, containing
various impurity minerals.

The main mineral of the raw material is serpentine, a transparent anisotropic phase (Nm = 1.56) with
low birefringence and wavy extinction. The shape of the grains is fibrous (chrysotile) and lamellar
(antigorite) (figure 1). Less common are formations of the ophite in the form of a colorless isotropic mass
with a lowered refractive index (Nm = 1.54). Also there are various impurity minerals. Identified impurity

minerals in the raw materials are shown in fFigure 1.
L4 ;.,;-:ﬁ, R

Figure 1 — Mineralogical composition of overburden rocks: 1 — serpentine, 2 — olivine, 3 — dolomite,
4 — iron oxides, 5 — hydroxides of iron, 6 — quartz, 7 — hydromagnesite. Reflected light, 100 magnification

The chemical composition of the averaged raw materials, mass.%: MgQO — 37.6; Si0, — 34,61,
Fe,05 — 6,59; Al,O5 — 0,82; Ca0 - 0,67, Cr,0; — 1,46; ignition loss — 15,26.
The mineralogical composition of the averaged sample is shown in figure 2.
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Figure 2 — Diffractogram - a and derivatogram - b of the averaged overburden rocks

The DTA curve shows a combination of an endothermic effect with a maximum at 695.9 °C and an
exothermic effect with a peak at 797.6 °C, which is characteristic of serpentine.

In the area of the endothermic effect, the structure of the mineral breaks down with the simultancous
removal of the -OH group. From the decay products "x-ray amorphous" forsterite and enstatite are formed.
In the temperature range of the exothermic effect, the newly formed mineral phases crystallize.

The endothermic effect with a peak at 695.9 °C reflects the dehydration of a small amount of brucite.
The endothermic effect with a maximum at 413.7 °C presumably shows the dehydration of goethite.

At the same time, the combination of the endothermic effect with the maximum at 233 °C, and the
endothermic effect with the maximum at 413.7 °C can be interpreted as the presence of a complex
carbonate-pyroaurite plate — MggFe,| CO;](OH),:4H,0.

Overburden rocks are a poly mineral raw material and during of heat treatment physical-chemical
processes occur related to structure and composition changes of the initial minerals. Depending on the
direction of these processes, certain phases will be formed that determine the properties of the future
ceramics. Knowledge of these processes’ regularities and various ways of influencing them will make it
possible to create ceramics with a given set of properties. An important technological factor in proppant
technology is the temperature of the sintering firing, during which the main properties of the final product
are formed.

We studied the sintering processes and structural-phase transformations that occur during heat
treatment of overburden rocks in the interval 600-1400 °C.

The temperature of the sintering firing of the samples was determined as follows. Pieces of over-
burden rocks were crushed on the jaw and roller crushers. Fine grinding of the raw materials was carried
out by dry method in a ball mill. After that samples were prepared with a diameter of 26 mm by the
method of semi-dry pressing at a pressure of 15 MPa. CMC 2% solution was used as a temporary binder.
After drying samples are fired in the temperature range 600-1400 °C. The properties of the ceramic
samples after firing are shown in table 1.

The experiments showed that heating of the ceramic samples up to 1000 °C leads to intensive
loosening of the material structure, as a result of which the open porosity (P,) reached 36.2% (at 1000 °C).
The apparent density decreased to 1.76 g/cm’, while the sample volume was certain increased. The loo-
sening of the structure is caused by the dehydration processes of serpentine, impurity hydrosilicates of
iron, brucite and decomposition of carbonates.

Oxidation-reduction reactions also take place in the temperature range of 1000-1200 °C. These
reactions are associated with the decomposition of iron oxides and hydroxides, which are isomorphically
present in serpentine and olivine. As a result, the samples change color from yellow to dark brown. In the
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Table 1 — Properties of magnesium silicate ceramic samples fired at in the range of 600-1400 °C

Firing temp, Open porosity, Water absorption, Apparent density, Total shrinkage, | Compressive streght,
°C % % glen’ % N/mm’
600 28,1 15,8 1,78 3.8 -
800 353 18,5 1,72 1,98 -
1000 36,2 19,1 1,76 2,12 11
1100 33,07 15,06 2,20 9,64 20
1200 25,09 10,13 2,48 15,66 30
1300 14,36 5,01 2,76 19,3 55
1400 8,1 3.4 2,67 16,8 54

samples fired at temperatures over 1000 °C, hematite and magnetite were detected. Hematite is identified
by its anisotropy and reddish-brown color in transmitted light.

Further increase of the firing temperature leads to appearance of a liquid phase, that formed due to the
presence of low-melting magnesium metasilicate, calcium and aluminum oxides. This promotes the
sintering of the mass and recrystallization growth of forsterite grains.

At a roasting temperature of 1400 °C, swelling of the samples takes place due to a decrease of the
viscosity of the melt formed. Closed pores are formed in the structure of ceramic samples, as a result of
which the parameters of open porosity and water absorption have decreased (table 1). The maximum
strength 1s obtained by samples fired at 1300 °C.

In the samples burned at 1300 ° C, the following phases are present, mass%: forsterite — 50-55;
magnesium metasilicate — 20-25; other phases formed by impurities of raw materials — 11-15, glass pha-
se — 8-10%. The fired samples are dense, dark-colored and sintered materials.

Usually, in the technology of refractory and ceramic materials, serpentinite containing raw material is
subjected to a preliminary heat treatment (thermal activation) for the dehydration of minerals. Thermal
activation of the raw material helps to reduce the shrinkage of the mass during the sintering firing process,
which is necessary to control the size of the ceramic samples and to prevent rejection.

Literature review has showed necessity of serpentine containing raw materials preliminary heat
treatment in the interval 1100-1200 °C [11, 12, 15].

The influence of the temperature of preliminary heat treatment of overburden rocks on the propertics
magnesium-silicate ceramic was studied. Considering the results of X-ray and thermal analyzes, the
crushed raw material was heat treated at various temperatures. The samples were prepared as described
above from thermal activated raw materials at various temperatures. The molded samples were fired at a
temperature of 1300 °C. The properties of the ceramic samples are given in table 2.

Table 2 — Properties of magnesian-silicate ceramic from thermal activated raw materials

Thermal activation Open Water Apparent Total Compressive
temp, °C porosity, % absorption, % density, g/cm’ shrinkage, % strength, N/mm®
non 14,36 5,01 2,87 15,66 55
600 20,30 8,00 2,54 12,5 41
700 18,90 7,31 2,59 12,5 50
800 18,12 6,98 2,60 10,6 50
1000 16,79 6,39 2,63 9,4 74

The results showed that the samples obtained from the thermal activated raw material at 1000 °C
have the maximum compressive strength. Therefore, further experiments were carried out using thermal
activated raw material at 1000 °C.

Proppants were obtained from powders of overburden rocks thermally activated at 1000 °C (fractions
less than 0.063 mm). Granulation was carried out in a granulator Eirich EL1.
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a b
Figure 3 — Magnesian-silicate proppant obtained from overburden rocks, fractions: a — 16/20, b —20/40

CMC 2% solution was used as binder. After drying in natural conditions, the granules fired in an
electric furnace at 1300 °C, then subjected to fractionation and determination of properties.

Samples of proppants obtained from overburden rocks of Kempirsai chromite ores are shown in
figure 3.

Obtained proppants properties: crush resistance for 20/40 — 14 %, for 16/20 — 22 %; apparent densi-
ty — 1.6 g/em’; sphericity — 0,8; roundness — 0.8, chemical resistance to hydrochloric acid — 98%; static
strength of granules — 72-118 N/granule.

Conclusion. Possibility of the use of overburden rocks of Kempirsai chromite ore deposits in
Kazakhstan as a raw material for obtaining magnesian-silicate proppants was evaluated.

1. The chemical-mineralogical composition of overburden rocks of chromite deposits was studied.

It was established that the main mineral of overburden is serpentine, present in the form of fibrous
chrysotile and lamellar antigorite; oxides and hydroxides of iron, carbonates, quartz, hydromagnesite and
talc are present as impurities.

2. It was established that during heat treatment of raw materials structural-phase changes of the initial
minerals occur with the formation of forsterite and enstatite.

The optimum temperature of sintering firing of ceramics based on overburden rocks is 1300 °C.

3. Proppants from thermal activated raw materials at 1000 °C were obtained: with an apparent density
of 1.6 g/cm’; crush resistance, for 20/40 — 14 %, for 16/20 — 22 %; sphericity — 0,8.

The research was supported by a grant from the Committee of Science of the Ministry of Education
and Science of the Republic (AP05131248 «Development of technology for obtaining magnesian-silicate
proppant granules used in hydraulic fracturing treatment with the purpose of oil production increase»).
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BCKPBIIIHBIE HOPO/Ibl KEMITHPCAUCKHAX MECTOPOXJAEHUI XPOMUTOBBIX PY ]I -
CBIPBE JJIs1 TPOU3BOACTBA KEPAMHUYECKHUX ITPOIIITAHTOB

Annortamus. Llenp paboTsI — OLEHKA BCKPBINIHBIX IOPOJ, 00PA3YIOMMXCS MPH Ppa3pabOTKE KEMIHMPCAHCKUX
XPOMHUTOBBIX PyA, B KAaUECTBE CHIPbS I MPOM3BOACTBA KEPAMHUCCKUX IMPONIAHTOB. M3yUeH XHMHKO-MHHEPAIIO-
THUYCCKUH COCTAB BCKPBIIIHBIX IOPOJ Pa3padaThIBACMBIX MECTOPOKICHHH KeMmMpcaHCKMX XPOMHUTOBBIX pyA Me-
TOJAMH XHUMHYECKOTO, MHKPOCKONHYECKOTO M PEHTTCHOCTPYKTYPHOTO AHAIH30B. YCTAHOBICHO, YTO OCHOBHBIM
MHHEPAJIOM BCKPBIIIHBIX MOPOJ SIBIUICTCS CEPICHTHH, NMPUCYTCTBYIOHMMI B (JOPME BOJOKHHCTOTO XPH30THIA H
IUTACTHHYATOTO AHTHTOPHUTA. B MpHMecax HaXOZATCS OKCHIBI M THAPOKCHIBI JKeJe3a, KapooHaTsl, keapL. IIposeacHa
TEXHOJIOTHHYECKAS OICHKA BCKPBIMIHBIX TMOPOX B KAYECTBE CHIPHS A MOIYUCHHS KEPAMHYCCKHX IPOTIIAHTOB.
OmnpenencH WHTEPBAN CIHEKAHUS BCKPBIMIHBIX MOpox, pasHbeii 1280-1300 °C. OmruMansHas TeMmeparypa CHEeKaro-
mero 00KUra KepaMHUKH HA OCHOBE YKA3aHHOTO BHIA CHIPbs - 1300 °C. M3yueHo BIusSHHE PEABAPUTEILHON TEPMO-
00pabOTKH CHIPbS HAa CBOMCTBA KCPAMUHMCECKUX IPOIIIAHTOB MATHE3HMANBHOCHIMKATHOTO COCTABA. YCTAaHOBICHO
TIOJIO’KUTETHHOE BIMSIHUC TEPMOOOPabOTKH ChIpbs mpu Temmeparype 1000 °C Ha (opMHPOBAHHE CTPYKTYPHI H
VIOPOYHECHUE 00PA3IOB MATHE3HAIPHOCHIMKATHOTO COCTaBa. [lOJyueHBI TPaHyJ bl MPONIIAHTOB MATHE3HATbHOCH-
JIMKATHOTO COCTABA M3 BCKPBIIIHBIX TMOPOJ CO CBOMCTBAMM: HACHITHAS IVIOTHOCTB — 1,6 I/CM®, OTA PaspyEHHBIX
rpaHy 1 mpu Harpyske 52 MIla — 14%, chepuaHOCTs B OKPYTIOCTH — 0,8; XHMHUICCKAd CTOHKOCTh K BO3ACHCTBHIO
COJLIHOM KUCTOTHI — 98%, crarmueckast MpOYHOCTh rpaHy1 (ppakumu 16/20 cocrasuma 72-118 H/rpanyxy. Obmnacts
TIPUMEHEHMS — He(PTETa30A00bIBAIOINAsA OTPACID, METAJUIY PrUMCCKHIE M KEPAMIUCCKHE ITPEATIPHSATL

KioueBbie ¢/10Ba: KepaMHHCCKHA MArHE3WATBHOCHIMKATHBIN IPOIMIAHT, BCKPBIIIHBIC MOPOIBI, MHHEPAIBL, (ha-
3bI, CEPIICHTHH, XPHU30THII, aHTUTOPUT, TIOPHCTOCTH, BOJOIIOTIIOIICHHE, TIPOYHOCTH, CTPYKTYPA, HACHITHAS TJIOTHOCTb.
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KEMIIIPCA XPOMHUTTI KEH OPHBIHBIH APIIIBIMA TAY KBIHBICTAPBI —
KEPAMMWAJIBIK IPOIIITAHT OHAIPICIHIH INUKI3ATHI

Annorommst. XXymsic Makcarsl — Kemmipcait XpOMUTTI KEH OPBIHAAPBIH 6HACY OapbhICBIHAA TY3LICTIH apImbiMa
Tay KBIHBICTAPBIH KEPAMHUKAIBIK IPOIIIAHT SOHAIPICIHE IIKKI3aT PeTiHAC KOITaHy MYMKIHIIUITIH Oaramay. Kemmip-
caif XpOMHTT1 KEH OPHBIHBIH APIIBIMA TAY KBIHBICTAPBIHBIH XHMHUKO-MHHCPAIOTHSIBIK KYPAaMbl XUMITUIBIK, MUKDPO-
CKOTIMSUTBIK JKOHE PEHTICHAIK 9MICTEPMEH AHBIKTAIABL. ApIIBIMA TAy SKBIHBICTAPBIHBIH OACTBI MHHEPAIBI OOJBI
CEPIICHTHH TAOBIIATHIHBI AHBIKTANABL. CEPIICHTHH TANIIBIK TOPI3Al XPH30THI TYPIHIE JKOHE IUIACTHHA TOPI3Al aHTH-
roput TypiHae ke3aeceai. COHBIMCH KaTap, TeMip OKCHIATCPI MCH THAPOKCHATEPI, KapOOHATTAP JKOHE KBAPI TYPIHIC
Kocmanmap 0ap SKCHi AaHBIKTAJIIBL.

Tyiiin ce3aep: KepaMHKaIbIK MAarHE3HAIIbI-CHINKATTHI MPOIIIAHT, apInbiMa TAy >KbIHBICTAPHI, MHHEPAIAAP,
(hazanap, CeprICHTHH, XpPU30THII, AaHTHTOPHUT, KEYCKTLIIK, CY CiHIPY, OCPIKTIK, KYPBUIBIM, YHIHIIMIK THIFBI3IBIK,
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