ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

KA3AKCTAH PECITYBJIMKACKI

YJTTBIK FBUJIBIM AKAJJEMUACBIHBIH
K. U. CornaeB ateiHarsl Ka3ak yITTBIK TEXHUKAIBIK 3€PTTEY YHUBEPCUTETI

XABAPJJAPBLI

N3BECTUA NEWS

HAILIMOHAJIbHOM AKAJIEMUU HAYK OF THE ACADEMY OF SCIENCES
PECITYBJIMKU KA3AXCTAH OF THE REPUBLIC OF KAZAKHSTAN
Kazaxckuii HallMOHaJIBHBIN NCCIIE0BATENbCKHIM Kazakh national research technical university
texHuueckui yausepcureT uM. K. Y. Catnaesa named after K. I. Satpayev

I'EOJIOI'USA '’KOHE TEXHUKAJIBIK I'bIJIBIMJIAP
CEPUSACHI

¢

CEPUA

I'EOJOI'MN U TEXHUYECKHUX HAYK

¢

SERIES

OF GEOLOGY AND TECHNICAL SCIENCES

5 (431)

KBIPKYMEK — KA3AH 2018 .
CEHTSIBPh — OKTSIBPb 2018 r.
SEPTEMBER — OCTOBER 2018

KYPHAIJI 1940 XbIJIJAH IIBIFA BACTAFAH
KYPHAII UBAAETCA C 1940 r.
THE JOURNAL WAS FOUNDED IN 1940.

KBbUIBIHA 6 PET IIBIFAZIBI

BBIXOIUT 6 PA3 B TI'O/]
PUBLISHED 6 TIMES A YEAR

AJIMATBI, KP ¥FA AJIMATBI, HAH PK ALMATY, NAS RK



2 Clarivate

Analytics

NAS RK is pleased to announce that News of NAS RK. Series of geology and technical
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Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of geology and technical
sciences in the Emerging Sources Citation Index demonstrates our dedication to providing the
most relevant and influential content of geology and engineering sciences to our community.

KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
2e0/102Us1 XKoHe mexHUKarbIK FbliibiMOap 6olbiHWa KoHmeHmke adanobifbiMbi30bi 6indipedi.

HAH PK coobuwaem, 4mo HayuyHbll xypHan «Mseecmuss HAH PK. Cepusi 2eonoauu U mexHu4eckux
Hayk» 6bin npuHsam 0ns uHlekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web
of Science. CodepxaHue 8 amom UHOeKcuposaHUU Haxodumcsi 8 cmaduu pacCMOmMpeHUs: KoMmrnaHuel
Clarivate Analytics Ons OanbHelweao npuHsmus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadyecmeo u eanybuHy KoHmeHma Ons uccriedosamesiel, asmopos, u3damesiell U y4pexoeHudl.
BkriroueHue Uzsecmusi HAH PK. Cepusi eeonozuu u mexHudeckux Hayk 8 Emerging Sources Citation
Index demoHCmMpupyem Hawy rnpueepXxeHHoCcMb K Hauboriee akmyarnbHOMY U 8/IUSIMEsIbHOMY KOHMeHmy
10 2e0/102UU U MeXHU4YeCKUM Haykam Oris Hauleeo coobwecmsa.
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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/em’, 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.

— 14—



ISSN 2224-5278 Series of Geology and Technical Sciences. 5. 2018

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 simultaneous 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.

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.%: MgO — 37.6; SiO, — 34,61;
Fe,05 — 6,59; AlL,O; —0,82; CaO — 0,67; Cr,0; — 1,46; ignition loss — 15,26.
The mineralogical composition of the averaged sample is shown in figure 2.

— 15—
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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 simultaneous
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 % % g/em’ % N/mm?
600 28,1 15,8 1,78 3,8 -
800 35,3 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 34 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 is 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 properties
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.

— 17—
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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/cm3; 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 IOPObl KEMIIMPCAHCKHUX MECTOPOXJEHUI XPOMUTOBBIX PY]I -
CBIPBE JUIA ITPON3BOACTBA KEPAMHUYECKHUX ITPOIIITIAHTOB

AnHoTtanus. Llens pabGoThl — OIEHKA BCKPBIIIHBIX MOPO, 0OPa3yIOIUXCs HPH Pa3pabOTKe KEeMIUPCAHCKUX
XPOMHUTOBBIX PYZ, B Kau€CTBE CHIPhS AJS IPOM3BOJCTBA KEPAMHUYECKUX MPOMIMAHTOB. M3yueH XMMHKO-MHHEPAIIO-
THYECKUH COCTaB BCKPBIIIHBIX MOPOJ pa3padaThIBAEMBIX MECTOPOXKACHHH KeMmupcalCKMX XpOMHUTOBBIX pyJ Me-
TOJAMU XHUMHYECKOT0, MHUKPOCKONNYECKOTO W PEHTI€HOCTPYKTYPHOTO aHAIM30B. YCTAHOBIEHO, YTO OCHOBHBIM
MHHEPaJIOM BCKPBILIHBIX ITOPOA SBJIAETCS CEPIEHTHH, IPHCYTCTBYIOIMH B (opMe BOJOKHHCTOTO XPH30TWIA H
TUIACTUHYATOTO aHTUTOPHUTA. B mpuMecsx HaxoAATCsl OKCHIBI M THAPOKCHUIIBI JKene3a, kapOoHatkl, kBapll. [IpoBenena
TEXHOJIOTUYECKasi OLIEHKAa BCKPBIIIHBIX IMOPOJ B KAadyeCTBE CHIPbA Ul MOJYYEHHUS KEepaMHUYECKHX IPONIAHTOB.
OmnpeneneH MHTEpBal CIIEKAHUs BCKPBIIHBIX 1opoJ, paBHbIH 1280-1300 °C. OntuManbHas TeMmIeparypa ClieKaro-
I1ero 00K1ra KepaMHUKH Ha OCHOBE YKa3aHHOTO BHJa ChIpbs - 1300 °C. M3yueHo BIMsHUE NPEIBAPUTEILHON TepMO-
00paboTKM CHIpbS Ha CBOMCTBAa KEPaMHUYECKHX IPOMNIIAHTOB MarHe3MajJbHOCWIIMKATHOTO COCTaBa. YCTaHOBIICHO
TIOJIOXKUTEIBHOE BIMSHUE TepMooOpaboTKH chipbst mpu Temreparype 1000 °C Ha ¢dopMupOBaHUE CTPYKTYpHI U
yIpo4YHEHHe 00pasloB MarHe3WabHOCWIMKATHOTO cocTaBa. [lomydeHbl IpaHyJsbl NPONIIAHTOB MarHe3WalbHOCH-
JIMKaTHOTO COCTABA M3 BCKPBIIIHBIX TIOPOJ CO CBOMCTBAMM: HACHITHAS IUIOTHOCTH — 1,6 T/CM’, 110J1sl paspyIIeHHBIX
rpa”ys npHu Harpyske 52 MIla — 14%, cdepuuanocts u okpyraocts — 0,8; XuMHUecKas CTOMKOCTh K BO3JEHCTBHIO
COJISIHOM KHCIIOTBI — 98%, crarnueckasi NpoYHOCTh rpanyn ¢pakunu 16/20 cocraBuna 72-118 H/rpanyny. O6nacts
HpUMeHeHHs — HeTera3ono0bIBatoIas OTPaciib, METAJULYPrHYEeCKHE U KepaMUUYEeCKUe IPEIPUITHUSL.

KuoueBble €j10Ba: KepaMUYECKHH MarHe3MaIbHOCWIMKATHBIA IMIPOMINAHT, BCKPBIIIHBIE MOPOABI, MUHEpabl, (a-
3bl, CEpIIEHTUH, XPU30TIII, aHTUTOPUT, IOPUCTOCTb, BOJOTOIIIOIEHHE, IPOYHOCTh, CTPYKTYPa, HACBIITHAS INIOTHOCTb.
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KEMITIPCAM XPOMMTTI KEH OPHBIHBIH, APIIIBIMA TAY KBIHBICTAPBI —
KEPAMMUMAJIBIK ITPOIIITAHT OHAIPICIHIH INUKI3ATbI

Annoronust. XXymbic Makcatbl — Kemnipcaih XpOMHUTTI K€H OpBIHIAPBIH OHIeY OapbIChIHIA TY3UIETIH apibiMa
Tay >KbIHBICTAPBIH KEPaMUKAIBIK IPOMIIAHT OHAIpiCiHEe MIMKi3aT peTiHae KOlaHy MYMKIHIIUIriH Oaranay. Kemmip-
cail XpOMHTTI KEH OpPHBIHBIH apIlibIMa Tay KBIHBICTAPBIHBIH XHMHUKO-MHHEPAIOTHSUIBIK KYPaMbl XUMHSUIBIK, MUKPO-
CKONMSUIBIK KOHE PEHTICHIIK 9JiCTEPMEH aHBIKTANAbl. ApLIbIMA Tay JKbIHBICTAPBIHBIH 0acThl MUHEPAJbl OOJbII
CEpIICHTHH TaOBUIATHIHBI aHBIKTANABL. CepIIeHTHH TaNIIBIK TOPI3i XpU30TWII TYPiH/E KOHE IUIACTHHA TOPI3Ii aHTH-
roput Typinzae ke3neceni. COHBIMEH KaTap, TeMip OKCHATEpI MEH THUAPOKCHATEPI, KapOOHATTap JKOHE KBapIl TYpiHIe
Kocmamnap 0ap ekeHi aHBIKTaIbI.
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