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ABSTRACT

The purpose of these studies is to determine the possibility of using drill cuttings from the oil fields of the Southern Federal
District as a source for the production of ceramic ordinary bricks with their maximum content in the initial mixture to take into
account their physical and chemical properties. The objects of study were: drill cuttings from the Slavyanskoye oil field (Kras-
nodar region) and clay (VKV-2) from of the Vladimirskiy quarry (Rostov region). Based on the research results, a working
hypothesis has been formulated, which is that complex processing of the composition of the mineral component of drilling
waste and plastic clay at the stages of preparation, molding, and drying ensures, under low-temperature firing conditions,
compliance of the physical and chemical properties of brick with the requirements of GOST 530-2018 and their preservation
during long-term operation.
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BBEJIEHUE

Mo opuumansuev ganueM Ha 2021-2023 rr. Poccust 3a-
HUMAaeT TPEThE MECTO CPEH JUePOB Mo 100krue HedTH. Ko-
JMYEeCTBO 00pa30BaBLIMXCS OTXOAOB OT JOOBIYM HETH 3a
TOJl JOCTUTAaeT HECKOJNBKHX MHJUIMOHOB TOHH. Bcero B
KO®O yureno 226 mecropoxaerns (150 nedrsaubix, 42 ra-
30HE(TIHBIX, 2 HeTerazoBeIX U 32 He(TerasoKoHICHCAT-
HBIX). Bonpmast 9acTh MECTOPOXKICHUN OKpyra HaXOMSATCS
Ha MMO3HEH cTaauu pa3paboTKu, BEIpaOOTaHbI K OOBOTHEHBI.
Pa3paboTky MecCTOpOKACHUI YTIIEBOJOPOTHOTO CHIPhS Ha
tepputopun FOPO ocymectBisitor 49  mpeaAnpusTHiA,
HauOoJiee KPYMHBIMH U3 KOTOpbIX sBisitorcst OAO «['a3-
npom», OAO «HK «PocredTs», OAO «JTYKOMJI» 1 nx jo0-
4yepHUe Kommanud [1-2].

B nporecce 1o0bun He(TH BO3HUKAET OJJHA U3 CEPHE3-
HBIX TPOOJIEM JUTS SKOJIOTHH HAIlIeH CTpaHbl — YBEIMUCHNE
o0BeMa He TepepadaThBaéMbIX TEXHOT'CHHBIX OTXOJOB, OT
00pIIOr0 00BEeMa KOTOPBIX N30aBUTHCS TIOJTHOCTHIO JOCTA-
TOYHO CJIOKHO. BcnencTBue 4ero OHM HaKarIMBarOTCS TO-
JaMH W OKa3bIBaIOT MaryOHOE BJIHMSHHE Ha JKOCHUCTEMY
Halle CTpaHbl, YeM BBI3BIBAIOT HEOOXOJIWMOCTH CIOCO0-
CTBOBAaTh YMCHBIICHUIO HAKAIJIMBACMBIX OTXOHJOB JTaHHOTO
TUIIA UK OaXKE€ UX MOJIHOM YTUIU3alnuu. K takum oTXo0aamM
OTHOCATCA 6yp0BbIe n1J1aMbl.

Cy1iecTByerT elle oJJHa He MeHee BaxHasi mpodyieMa — uc-
TOLIEHUE 3aI1aCOB MECTOPOXKAECHUN TNIMHUCTOTO ChIPbS, UC-
MOJB3YEMOr0 B IPOU3BOJICTBE KEPAMHUECKHX CTPOUTENb-
HBIX MarepuanoB. Ha poccuiickoM phIHKe AaHHas HpPOIyK-
st MeeT OOJIBIION crpoc, Tak Kak oHa oOiamaeT Joiro-
BEYHEIM CPOKOM CITyKObl. OTHUM H3 TaKUX MAaTCPUAIIOB SIB-
JSIETCS PSOBOU KUPITHY — CaMbIi pacipOCTpaHSHHBIH 1 I~
POKO HCIOJIb3YEMBI B CTPOUTENBCTBE. B CBsI3U C TeM, 4TO
MECTOPOKICHHUS TJINH NCUEPITHIBAIOTCS, CTAHOBHUTCS BOCTPE-
0GOBaHHBIM ITOWCK PEIICHUN JaHHON MPOOIEMBI, HAIIPABIICH-
HBI Ha pa3pa0bO0TKy HOBBIX PeCypcoCcOeperammux TeXHOIIO0-
TUi.

AKTyalbHOCTh UCCIICTIOBAHU I 3aKTF0YACTCS B HEOOXOTH-
MOCTH pa3paboTKu pecypcocOeperaroieii TeXHOJIOTHN H3-
TOTOBJICHHS PSZIOBOIO KEPAMHUUECKOTO KMPIMYa Ha OCHOBE
0TX0/10B OypeHust HePTSHBIX CKBOKUH B paMKax «CTpaTeru-
YEeCKOro Pa3BHUTHs MHUHEPAJIbHO-CHIPbEBON 0a3zbl Poccuii-
ckoi ®enepaunn B 2035 romy», B KOTOPOM OJHHUM M3
HaTIPaBJICHUH SIBIIICTCS Pa3BUTHE BHICOKOJIMKBUIHOW MIUHE-
pabHO-CHIPhEBOI 0a3bl IS JCHCTBYIOMMX M (QOpMHUpYe-
MBIX MHHEPaTBHO-CHIPhEBEIX LEHTPOB, OOeCIeUnBaromen
pemnieHne TpodIeMbl SKOJIIOTHIECKOH 0e30IIacCHOCTH MpH 00-
pameHnn ¢ OypOBBIMH OTXOJaMH HedTe- U ra3000bI4H.

B pamkax ucciieoBaHuii, HanpaBJI€HHBIX Ha U3y4YEHUE
OypoBOro mnuraMa — 0Txoaa M00bsur He(TH, CIIOCOO0B €ro
yTujin3anyu U IpUMEHCHUA B ITPOU3BOACTBE CTPOUTCIIBHBIX
KEepaMHUYECKUX MaTepualioB, PSIOM YUEHbBIX ObLIHM OIyOJIH-
KOBaHBI Hay4YHbIE PaOOTHI.

HccnenoBanus, cCBI3aHHbBIE C N3yYEHUEM MUHEpAJIOTHYe-
CKOT'0, 3JIEMEHTHOT'O COCTaBa ¥ TOKCHYHOCTH OypOBBIX IILjIa-
MOB, ObUTH oryONHKoBaHBI KimmoBoii A.A., S3ukoBoii E.T.
u aiixuesoii U.P. [3]. B xoxe sxcniepuMenTa ObUIO BBISIB-
JICHO, YTO MAaKCHMAaJbHAs IO OypOBBIX IIIAMOB IPUXO-
JUTCS Ha KBapIl M KAIMHATPOBBIC TTOJIEBEIE IITATHI,  TIIHHHU-
CTast COCTABIISIONIAs MTPEICTABICHA KAOTHHUTOM, MIUTHTOM H
BEPMHUKYIHUTOM. BEIsBI€HAa OBBIICHHAS KOHIICHTPALIUS XH-
MHYECKHX 2JJIeMEHTOB, oTHocsmuxcsa k I - III kmaccam

INTRODUCTION

According to official data for 2021-2023. Russia ranks
third among the leaders in oil production. The amount of
waste generated from oil production per year reaches several
million tons. In total, 226 fields are taken into account in the
Southern Federal District (150 oil, 42 gas and oil, 2 oil and
gas and 32 oil and gas condensate). Most of the district's
fields are at a late stage of development, depleted and wa-
tered. The development of hydrocarbon deposits in the SFD
is carried out by 49 enterprises, the largest of which are Gaz-
prom Open Joint Stock Company, Rosneft Open Joint Stock
Company, LUKOIL Open Joint stock Company and their
subsidiaries [1-2].

In the process of oil production, one of the serious prob-
lems for the ecology of our country arises - an increase in the
volume of non-recyclable technogenic waste, a large volume
of which is quite difficult to completely get rid of. As a result,
they accumulate for years and have a detrimental effect on
the ecosystem of our country, which necessitates the need to
help reduce the accumulated waste of this type or even their
complete disposal. Such waste includes drill cuttings.

There is another equally important problem - the deple-
tion of deposits of clay raw materials used in the production
of ceramic building materials. In the Russian market, these
products are in great demand, as they have a long service life.
One of these materials is ordinary brick - the most common
and widely used in the construction of external walls and
load-bearing partitions. Due to the fact that clay deposits are
being depleted, the search for solutions to this problem,
aimed at developing new resource-saving technologies, be-
comes in demand.

The relevance of the research lies in the need to develop
resource-saving technology for the production of ordinary
ceramic bricks based on oil drilling waste within the frame-
work of the «Strategic development of the mineral resource
base of the Russian Federation in 2035y, in which one of the
directions is the development of a highly liquid mineral re-
source base for existing and emerging mineral resource cen-
ters, providing a solution to the problem of environmental
safety when handling drilling waste from oil and gas produc-
tion.

As part of research aimed at studying drilling waste from
oil fields, methods of their disposal and use in the production
of building materials, in particular ordinary ceramic bricks,
as well as their physical, chemical and technological proper-
ties, a number of scientists published scientific works.

Research related to the study of the mineralogical, ele-
mental composition and toxicity of drill cuttings was pub-
lished by Klimova A.A., Yazikova E.G. and Shaikhieva L.R.
[3]. During the experiment, it was revealed that the maxi-
mum proportion of drill cuttings is quartz and potassium
feldspars, and the clay component is represented by kaolin-
ite, illite and vermiculite. An increased concentration of
chemical elements belonging to hazard classes I - III was re-
vealed, therefore, the total pollution indicator refers to a low
or medium degree of pollution. Mineral phases of elements
such as Fe, Pb, Zn, Ba, Cu and Ti were discovered. The sam-
ples of drill cuttings under study are classified as low-hazard,
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OIaCHOCTH, CJIEJOBATEIbHO, CyMMapHBIi IOKa3arenb 3a-
IPSIBHEHUS] OTHOCUTCS K HU3KOW WIIM CpeIHEl cTerneHH 3a-
rpsizHeHus. beut oOHapy)keHbl MUHEpaJIbHBIE (a3bl TaKHUX
aneMeHTOB Kak, Fe, Pb, Zn, Ba, Cu u Ti. Uccnenyembie
poObI OypoBOTO HIJIaMa OTHOCSITCS K MAJIOONACHBIM, MTPaK-
THYECKH HEOITaCHBIM OTXOJaM M He SBJISAIOTCS IOTEHIH-
IbHO TOKCHYHBIMH.

VYuensle IlepMCcKOTO HAIMOHAIBHOTO HCCIENOBATENb-
CKOTO OJMTEXHUIECKOTO yHUBepcHuTeTa 3nipbepman M.B.,
Muayrun E.A., YepenanoB M.B. u ap. [4-5] pazpaboranu
cnioco0 00e3BpekuBaHMsL OypOBOTO IMIIaMa, ITyTeM IOTyde-
HUS U3 HErO CTPOMTENBHOTr0 Marepuana. J[aHHbBIM crocob
BKIIIOYaeT B Ce0S TEPMHYCCKYH0 00paboTKy OypoBOro
nyiamMa ¥ IMoJy4eHue rpaBusi, meOHs, kepam3urta. TexHuue-
CKUM pEe3yJIbTaTOM SIBJISIETCSl 00E3BPEKMBAHUE M YTHIHM3a-
st OypoBOTO IIJIaMa, BO3MOXKHOCTb IIOJIyYEeHUS CTPOUTEINb-
HBIX MaTepHAIOB C Pa3HBIMU CBOHCTBAMH - IJIOTHBIX C BbI-
COKOM MPOYHOCTHIO MJIH TIOPU30BAHHBIX.

Yuensle OpeHOYPrcKoro rocy1apcTBEHHOTO YHUBEPCH-
teta ['ypeeBa B.A., lyounenkuit B.B. u Bnosun K.M. [6-7]
pa3paboTalli MINXTY A N3TOTOBJICHHUS KEPAMHIECKOTO PA-
JIOBOTO KupIu4a. Tpyasl MOJIOJBIX yUCHBIX HAIPaBJICHBI HA
M3ydeHHe HOBOTO Crocoba 00e3BpeKUBaHHUA OypOBOTO
HedTsHOTO mIIamMa OpeHnOyprckoii obmactu, bamkupckoro
ropuzonTa 2100 — 2200 M 1 3700 — 3850 M [Tammuiickoro ro-
pusoHTa. [lonyueHHOE B XOJie IKCIIEPUMEHTOB COOTHOIIIE-
HUEC KOMIIOHCHTOB MIUXTHI JJId HU3TOTOBJICHUSA KEpaMHU4ieC-
CKOTO PsIIOBOTO KMpIHYa CleAytolee Macc. %: IinHa Jier-
KoruiaBkass 67-50 %, OypoBoit muiam (comepxkanue CaO
21,28 %) 30-45 %, creknoboit 3-5 %. TexHnIecKuM pe3yiib-
TaTOM SIBJISIETCS MOBBILIEHUE TPOYHOCTU M CHIDKEHUE BOJIO-
TIOTJIOICHHS.

B pesynprate aHanm3a HaydHBIX pabOT yCTaHOBIIEHO,
YTO B IIPOM3BOACTBE CTPOUTENBHOH KEPaMHKH OTXOIbI
HedTenepepaboTKH — MUHEpabHAs COCTABIISIONIAs OTXO00B
Oypenus (OypoBoOii muTaM) paHee HMPUMEHSUTUCh B KOJHYE-
ctBe 110 45 % B coueTaHum co cTek1000eM. bypoBbie OTXOIbI
¢ Mecropoxaennid Heptn FODO B paccMaTpuBaeMbIX TpPy-
JlaxX HE MPUMCHSAIUCH B KAUYC€CTBC ChIPLEBOI'0 KOMIIOHEHTA B
TEXHOJIOTUH ITPOU3BOJICTBA PSJOBOIO KEPAMHYECKOTO KUP-
nuya. DTO yKa3bIBae€T Ha NMEPCIEKTUBHOCTH HCCIIEyeMOM
TEMBI.

OOBeKTaMH HCCIICAOBAHUIA I NTaHHOH CTaThbH OBLIN
BBIOpaHbl: OypoBOH IIIaM — oTX0x 100bau HepTn CraBsiH-
ckoro MmecropoxaeHus (KpacHomapckmit kpaif) u TamHa
(BKB-2) Bramumuposckoro xapbepa (PocToBckas 00macTs)
JUISL OIpE/ENEeHUs BO3MOKHOCTH NPHMEHEHHs IUIamMa Kak
CBIPBEBOT0 KOMIIOHEHTA MPH MPOU3BOACTBE KEPAMUIECKOTO
psinoBoro kupnuya. Bee nccnenoBanus NpoBOAUINCE B JIa-
6opaTopun «PenUKINHT OTXOJ0B TOIIMBHONW 3HEPTETHKID
n LKIT «Hanorexnonorum» Ha 6aze FOxHO-Poccuiickoro
TOCY/IapCTBEHHOTO  ITOJIMTEXHUYECKOTO  YHHBEPCUTETa
(HIIN) um. M.U. ITnaroBa.

Heab M 3a1a4mn HccaIeI0BAHNA:

Llenpro JaHHBIX HMCCIICOBAHHUH SIBISIETCS OINpEJEICHUE
BO3MOKHOCTH HCIIOJIB30BaHUS OypOBBIX OTX0/10B HE(TSIHBIX
MectopoxkaeHnii KOO B xauecTBe ChIpbsl AJs1 MPOU3BOJ-
CTBa KEPAMHIECKOTO PAOBOTO KHUPIHYA C MAKCHMAIBEHBIM
COZIep’KaHNEeM MX B CHIPHEBOM CMECH 3a CUET U3YyUYCHHUS MX
(hU3UKO-XUMHUIECKUX CBOMCTB.

B cooTBeTcTBHE C 11eNBI0 pabOTHI ObIIIa YCTaHOBIIEHA 3a-
Jlaya: TMOJIy4eHHUe, B IPOLIECCEe CHHTE3a, KEPAMUYECKOTO PA-
JIOBOTO KHpIHYa C HCIIOJIb30BAaHHEM B CHIPHEBOM COCTaBE
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practically non-hazardous waste and are not potentially
toxic.

Scientists of the Perm National Research Polytechnic
University Zilberman M.V., Pichugin E.A., Cherepanov
M.V. and others [4-5] developed a method for neutralizing
drill cuttings by obtaining building material from it. This
method includes heat treatment of drill cuttings and the pro-
duction of gravel, crushed stone, and expanded clay. The
technical result is the neutralization and disposal of drill cut-
tings, the possibility of obtaining building materials with dif-
ferent properties - dense with high strength or porous.

Scientists of the Orenburg State University Guryeva
V.A., Dubinetsky V.V. and Vdovin K.M. [6-7] developed a
mixture for the production of ceramic ordinary bricks. The
works of young scientists are aimed at studying a new
method for neutralizing drilling oil sludge from the Orenburg
region, the Bashkir horizon 2100 - 2200 m and 3700 - 3850
m Pashiysky horizon. The ratio of the components of the
charge for the production of ceramic ordinary bricks ob-
tained during the experiments is as follows: mass. %: fusible
clay 67-50 %, drill cuttings (CaO content 21,28 %) 30-45 %,
cullet 3-5 %. The technical result is an increase in strength
and a decrease in water absorption.

As a result of the analysis of scientific works, it was es-
tablished that in the production of building ceramics, oil re-
fining waste - the mineral component of drilling waste (drill
cuttings) was previously used in quantities of up to 45 % in
combination with cullet. In the works under review, drilling
waste from the oil fields of the Southern Federal District was
not used as a raw material component in the production tech-
nology of ordinary ceramic bricks. This indicates the pro-
spects of the topic under study.

The objects of research for this article were: drill cuttings
from the Slavyansk oil field (Krasnodar region) and clay
(VKV-2) from the Vladimirovsky quarry (Rostov region) to
determine the possibility of using the cuttings as a raw mate-
rial component in the production of ceramic ordinary bricks.
All studies were carried out in the laboratory «Recycling of
fuel energy waste» and the shared use center «Nanotechnol-
ogies» on the basis of the Platov South-Russian State Poly-
technic University (NPI).

The purpose or objectives of the study:

The purpose of these studies is to determine the possibil-
ity of using drill cuttings from the oil fields of the Southern
Federal District as raw materials for the production of ce-
ramic ordinary bricks with their maximum content in the raw
material mixture by studying their physical and chemical
properties.

In accordance with the purpose of the work, the task was
established: obtaining, in the process of synthesis, ceramic
ordinary bricks using clays and drill cuttings in the raw ma-
terial composition, the physical and chemical characteristics
of which satisfy the conditions imposed according to GOST
530-2018 (GOST 530-2018 «Brick and ceramic stone. Gen-
eral technical conditions») (In Russian) [8].

Materials and methods of research

In the production of ceramic ordinary bricks, strict re-
quirements are imposed on the quality of raw materials,
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TJIMH 1 OypoBOro nuiaMa, GpU3NKO-XUMHUYECKUE XapaKTepH-
CTUKU KOTOPOTO YJOBIETBOPSIOT YCIOBHSIM, TPEIbsBIIsIC-
mbiM o 'OCT 530-2018 (I'OCT 530-2018 «Kupnnu u ka-
MeHb kepammudeckre. OOIre TeXHUYECKUE YCIOBH») [8].

Marepuajbl M1 METOABI HCCJIEJOBAHUS

B mpousBoacTBe KepaMHUYECKOTO pAAOBOrO KHpIHYA
JKECTKHE TPeOOBaHUS MPEIBIBISIIOTCS K KAaueCTBY CBIPbS,
YTO OIPEAEISAET CIIOcO0 MOATOTOBKM HCXOAHBIX MaTEPHAIOB
1 (hOPMOBAHUS M3/ENUSA-CBIPIIA, YCIOBUS CYIIKH U 00XKHTA.
COBOKYITHOCTh TE€XHOJOTHYECKHX PEKHMOB Ha OCHOBHBIX
mepenenax MO3BOJISIET JOCTUTATh  (DH3MKO-XMMHYECKHX
CBOWCTB KHpIHYa, yAoBIeTBopstomux TpedboBanusm ['OCT
530-2018.

IIpu npoBeneHUH UCCIIEIOBAHUM B KaU€CTBE OCHOBHOIO
KOMIIOHEHTA HCII0JIb30BAJIOCh TIIMHUCTOE ChIpbe Biamumu-
poBckoro Mecropoxenus (riauna BKB-2), pacnionoxxennoe
B PocroBckoii obnactu. [yist peryimpoBaHusi TEXHOJIOTHYE-
CKHX CBOWCTB K€paMHUYECKOTO KHPIIMYa B Ka4eCTBE KOMIIO-
HEHTa CHIPhEBOH CMECH MPUMEHSIINCH IOy THBIE IIPOIYKTHI
— OTXO#bl OypeHHs: CKBaXXHH ¢ 00beKTOB CIIaBIHCKOTO Me-
cropoxnernst HepTr (KpacHomapckuii kpait).

HccnenoBanuss XHMHYECKOTO COCTaBa HCCIELYEMOTO
CBHIPbSl TPOBOJWINCH METOJOM PEHTI€HOCIIEKTPAIbHOTO
(hayopecuenTHoro ananuza (XRF) Ha BakyyMHOM CHEKTpoO-
METpe TMoclieZoBaTeIbHOro AeicTBUs Moaenun PW2400 my-
TeM IUIaBJIeHHUS Npod co cMmechio Goparos nutus. Iloreps
Macchl NpH TNPOKATMBAHHWU OIpEnesiack MO METOAHKE
Hayunoro cosera 1o aHaJUTUYECKUM METOJIaM HCCIIEI0Ba-
HUIl ¢ MOMOIIBIO BTOPUYHOM MOHHON Macc-CIEeKTPOMETPUU
(HCAM, BUMC) 418-X npu Temneparype 1050 °C [9]. B
XOJIe OTpeIeIeHUs] XUMUYECKOT0 COCTaBa OypoBOTro HuiaMa
Y TJIMHBI OBIJIM TONYYEHBI CIEAYIOIIUE JaHHbIe, TPEACTaB-
JeHHbIe B Tabnuie 1

which determines the method of preparing source materials
and molding the raw product, drying and firing conditions.
The set of technological modes at the main stages makes it
possible to purposefully control the structural-phase transfor-
mations of raw materials and raw products to achieve physi-
cal and chemical properties of bricks that meet the require-
ments of GOST 530-2018.

When conducting research, clay raw materials from the
Vladimirovskoe deposit (VKV-2 clay), located in the Rostov
region, were used as the main component. To regulate the
technological properties of clay raw materials, the phase and
structure formation of ceramic bricks, by-products were used
as a component of the raw material mixture - well drilling
waste from the Slavyansk oil field (Krasnodar Territory).

Studies of the chemical composition of the studied raw
materials were carried out by X-ray spectral fluorescence
analysis (XRF) on a sequential vacuum spectrometer of the
PW2400 model by melting samples with a mixture of lithium
borates. Mass loss during calcination was determined ac-
cording to the methodology of the Scientific Council on An-
alytical Research Methods using secondary ion mass spec-
trometry 418-X at a temperature of 1050 °C [9]. In the course
of determining the chemical composition of drilling waste
and clay, the following data were obtained, presented in Ta-
ble 1.

TABJIAIA 1. XUMMUYECKHA COCTAB BYPOBOI'O LIVIAMA UM I'JIMHBI

Table 1. Chemical composition of drilling waste and clay

Copep:xanue, Mmacc. %
Marepuai Content, mass %
: TLILIL
Sltenial Na0 | MgO | ALO; | Si0: | K:O | CaO | TiO: | Fex05 | MnO | P2Os | BaSOs | |° -
I'nmuna (BKB-2)
- 0,79 | 20,88 | 6425 | - | 074 | 1,14 | 448 - - ; 2
Clay (VKV—Z) 37 b 9 37 9 b 757
= )
YPOBOMMLAAM |y 47 1 079 | 541 | 2272 | 091 | 444 | 026 | 3,09 | 011 | 011 | 50,59 | 10,01
Drilling waste

[To pe3ynpraTaM aHamM3a XHMHYECKOTO cOCTaBa Oypo-
BOTO LIJIamMa, ObUIO BBISIBIICHO 3HAYUTENIBHOE COJEPIKaHUE B
HeM ocHOBHOro okcuna BaSO4- 50,59 %, xoTopslii npume-
HSIETCS B KAUECTBE YTSHKENUTENS OypoBOro pacTBOpa NpH J10-
6b1ue Hedru. Taxoke B OypoBoM nutame Hadmoxaercs SiO; —
22,72 % u Hebonbuioe KoauuecTBo AlO3 — 5,41 %, B riauHe
— 64,25 % 1 20,88 % COOTBETCTBEHHO, KOTOPBIE CIIyKaT OTO-
mmrensMu. Fe;O3; B OypoBom mtame 3,19 %, B rimmae — 4,48
%, KoTOpHIit BeIcTymaeT kpacuteneM. Coxepxanue MgO u B
O6yposom mtame, u B rimHe paBHoe 0,79 %, a comepxanue
CaO u TiO, cocrapnset He 6oiee 5 %. HecMoTps Ha TO, 4TO
XMMHUYECKHH cOCcTaB OypOBOro MUIamMa OTJIMYAETCS OT XUMH-
YECKOTr0 COCTaBa IIIMHBI, HAIWMYHE TIIMHOOOPa3yIOINX OKCH-
JIOB B HEM JIa€T BO3MOXHOCTh IPUMEHSTH OypOBOH MIJIaM B

Based on the results of the analysis of the chemical compo-
sition of drill cuttings, a significant content of the main oxide
BaSO, was revealed — 50,59 %, which is used as a weighting
agent for drilling mud in oil production. Also in the drill cut-
tings there is SiO; — 22,72 % and a small amount of Al,O; —
5,41 %, in clay — 64,25 % and 20,88 %, respectively, which
serve as thinners. Fe;O3 in drill cuttings is 3,19 %, in clay —
4,48 %, which acts as a dye. The MgO content in both drill cut-
tings and clay is equal to 0,79 %, and the content of CaO and
TiO; is no more than 5 %. Despite the fact that the chemical
composition of drill cuttings differs from the chemical compo-
sition of clay, the presence of clay-forming oxides in it makes
it possible to use drill cuttings as a raw material component in
the production of ordinary bricks, with full or partial replace-
ment of clay.
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Ka4eCTBE ChIPhEBOI0 KOMIIOHEHTA B ITPOU3BOJICTBE PSIOBOIO
KUPIUYa, C TOJTHOW WJIM YACTUYHOM 3aMEHOM TJIUHBI.

Jlns onpenenenus pazoBOro cocraBa o0pasibl 0ypoBOro
IUIaMa U TIIHHEI OBUTH U3MENBYCHBI U HCCIICIOBAHBI C IIOMO-
IIBI0 PEHTTEHOBCKOTO MOPOIIKOBOTO mudpakromerpa ARL
X'TRA (Thermo Fisher Scientific), Bxomsmero B LIKII
«Hanorexnonorun» FOxHo-Poccuiickoro rocynapctBeH-
HOTO TonuTexHU4eckoro yHuBepcutera (HIIN) mm. M.U.
[TmaroBa. MHTepIIpeTaIyisl MOMYyYSHHBIX NAaHHBIX IPOBOIH-
Jack ¢ wucnoyib3oBanueM 0aszbl  gaHHBIX ICDD  (The
International Center for Diffraction Data). Ha pucynke 1
MIPEJCTaBICHBI PE3yNbTaTHl PEHTICHO(A30BOTO aHATN3a O0y-
poBoro nutama u riauasl (BKB-2).

To determine the phase composition, samples of drill cut-
tings and clay were crushed and examined using an ARL
X'TRA X-ray powder diffractometer (Thermo Fisher Scien-
tific), part of the shared use center «Nanotechnologies» on the
basis of the Platov South-Russian State Polytechnic University
(NPI). The interpretation of the obtained data was carried out
using the ICDD database (The International Center for Diffrac-
tion Data). Figure 1 shows the results of X-ray phase analysis
of drill cuttings from the Slavyanskoye oil and clay deposit of
the Vladimirovskoye field (VKV-2).

PUCYHOK 1
PEHTTEHOI'PAMMBbI OBPA3I[OB: 3000
1 — rnmuna BKB-2,

2 — 0ypoBoii mi1am

o-f-kBapu; O-0-KOPYHI; A-0apuT;
O-MyCKOBHUT

2000

1000

0 -5i0;

B-ALD; A-BaS0; - -KALS, AlO(0H)

{5 I S i OO O

Figure 1

X-ray diffraction patterns of samples:
1 - clay VKV-2,

2 - drilling waste

o-p-quartz; o-a-corundum; A-barite;
O-muscovite

Intensity (arb. units)
=

B uccnexyemoii rmmae BKB-2 ocHOBHO# da3oii BBICTY-
nmaetr kBapr (SiO;), MpencTaBICHHBIM B MOTUGHUKAINH [3-
SiO;. B ¢opmMupoBaHnn KpuUCTALTHYECKHX (a3 OGObIIyIO
poib urpaet kondecto Al,Oz, HAXOASIIHIACS B BHIE O-KO-
pyHzaa B konngectse 20,88 %.

AHanu3 peHTreHOorpaMMbl OYpOBOTO IILIaMa IoKasall, 4To
ocHOBHOH (azoii B HeMm siBisiercst Gaput (BaSO4), KkoTopbIit
MOBBILIACT INIOTHOCTH Marepuana [ 10]. Apyrumu dazamu sB-
nsirorest B-kBapiy (SiO2) v B HEOOJIBLIOM KOJIMUECTBE MYCKO-
BUT (KAL(Si3:Al)O10(OH)2).

Hanmume ocHOBHO# (ba3kl B-KBapIia B cocTaBe UcCIeye-
MOTro OypOBOTO IUIaMa CBHJIETEIHCTBYET O BO3MOXKHOCTH
€r0 MCIO0JIb30BaHNS B KAUECTBE ChIPhSI IIPH IPOU3BOCTBE Ke-
PaMHYECKOT0 CTPOUTEIHHOTO KUPITHYa.

B cBsI31 ¢ MOCTaBICHHBIMHY LETAMH U 33/1a4aMH HCCIIEI0-
BaHMS, IUISI OTIPEICNICHNS] BO3MOYKHOCTH HCIIONIb30BaHMUs Oy-
POBOTO IITaMa B Ka4eCTBE CHIPBS JUIA MPOMU3BOJCTBA Kepa-
MHUYECKOTO PSA0BOTO KHUpPIHYa HEOOXOIUMO H3YUHUTh H
OTIPEACTNTh (PU3NKO-XUMUIECKHE CBOMCTBA JTaHHOTO CBHIPHS
Takde KakK: YHCIO IUIACTHYHOCTH, (DOPMOBOUYHYIO BIIAXK-
HOCTb, TUIOTHOCTB, ITOJHYIO YCa/IKy U BOJIOIOTJIOIIEHHE.

OmnpeneneHre 4Yucia IUIACTUYHOCTH IPOBOAMIOCH Ha
npubope BacunbeBa n B coorBerctBun ¢ 'OCT 5180-2015
('OCT 5180-2015 «I"pyHTHI. MeToas1 1a00paTOPHOTO OTIpE-
nereHust (pu3ndeckux xapakTepuctuk») [11]. [ms storo
BIaKHOCTH Matepuaia (%) B COCTOSHHM BEpXHEro Ipezena
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In the studied VKV-2 clay, the main phase is quartz (SiO,),
presented in the B-SiO, modification. The amount of Al,Os,
which is in the form of a-corundum in an amount of 20,88 %,
plays an important role in the formation of crystalline phases.

Analysis of the X-ray diffraction pattern of drill cuttings
showed that the main phase in it is barite (BaSO4), which in-
creases the density of the material [10]. Other phases are f-
quartz (SiO;) and a small amount of muscovite
(KAL(SisAl)O1o(OH)2).

The presence of the main phase of B-quartz in the compo-
sition of the drill cuttings under study indicates the possibility
of'its use as a raw material in the production of ceramic building
bricks.

In connection with the goals and objectives of the study, in
order to determine the possibility of using drill cuttings as a raw
material for the production of ceramic ordinary bricks, it is nec-
essary to study and determine the physical and chemical prop-
erties of this raw material such as: plasticity number, molding
moisture content, density, complete shrinkage and water ab-
sorption.

The determination of the plasticity of the studied raw ma-
terials was carried out using a Vasiliev device and in accord-
ance with GOST 5180-2015 (GOST 5180-2015 «Soils. Meth-
ods for laboratory determination of physical characteristics»)
(in Russian) [11]. For this, the moisture content of the material
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MJIACTUYHOCTU HAXOAAT CTAaHAAPTHBIM BECOBBIM METOIOM 110
dhopmyne 1:

rze: g1 — Macca BIaXHOH MpoOEI, T;

g> — Macca BIaXHOH MpoObl, BRICYIIEHHON TIPH TeMIepa-
Type 105-110 °C, r.

OnpeneneHue HUKHETO TpejieNia IAaCTHYHOCTH MPOU3-
BOJAT Ha TPAHUIIE paCKaThIBaHUA, IPU KOTOPOI XKIyTHI pac-
CBITIAIOTCS Ha OT/IEJIbHBIE, HE COEANHSIIONINECs MEXK/1y CO00M
yactu. Jnsg onpenenenus BiaxHoctH Marepuana (%) B co-
CTOSHUM HIKHErO Mpefena IUIACTUYHOCTH HCHONB3YIOT

hopmymy 2:

2;-8
W= 334

p g

rJie: g3 —Macca BIaXHOW Ipo0bl, T;

g4 — Macca BJIQKHOHU NPOOBI, BHICYIICHHOW IPH TeMIlepa-
Type 105-110 °C, r.

3HaveHHe YKcia MIACTHYHOCTH HaXOAUTCS KaK CpesHee
n3 1Byx onpenenenuil. Yucno mnactnanoctu 11 (%) ompene-
nsietcs o gpopmye 3:

=Wn-W,

Pe3ynbTaThl ONpeAeneHus Yucia IUIACTHYHOCTUH Oypo-
BOTO IIIJTaMa | TJIMHBI TIPEACTABIICHBI B TAOIHUIIE 2.

(%) in the state of the upper limit of plasticity is determined by
the standard weight method according to formula 1:

)

where: g; — mass of wet sample, g;

2> — mass of wet sample dried at a temperature of 105-110
°C, g.

The determination of the lower limit of plasticity is carried
out at the rolling boundary, at which the bundles crumble into
separate parts that are not interconnected. To determine the
moisture content of the material (%) in the state of the lower
limit of plasticity, use formula 2:

100%  (2)

where: g3 — mass of wet sample, g;

g4 — mass of wet sample dried at a temperature of 105-110
°C, g.

The value of the plasticity number is found as the average
of two definitions. The plasticity number P (%) is determined
by formula 3:

3

The results of determining the plasticity number of drilling
waste and clay are presented in Table 2.

TABJIMLA 2. HNTACTUHYHOCTB BYPOBOI'O IIVTAMA U I'VIMHBI

Table 2. Plasticity of drilling waste and clay

e BaaxkHocTh B cocTosI- BaaxkHocTh B coCTOSI- Yucao
HaB;CK HHH BEPXHEro W HUH HAKHEr0 W mJIacTHY-
npexenaa o npeneia > | nocrn (IT), Iep,
Matepuaj u %0 Yo o 0
. miactuyHocta (Wr), miactuynoctu (Wp), %o %
Material number o Wy, o Woy, . . o
Yo 0 ) 5 Plasticity Pu, %
of the . . %0 .. . Yo
sample Upper limit of plastic- Lower limit of plastic- number P,
P ity Wm, % ity Wp, % %
r (BKB-2) 1 60,15 30,19 29,95
JIMHA -
Clay (VKV-2) 2 61,11 63,39 33,53 33,60 27,58 29,79
3 68,91 37,07 31,84
. 1 28,80 14,78 14,01
Byposoii muiav 2 29,31 29,40 14,69 14,83 14,62 14,57
Drilling waste ’ ’
3 30,10 15,01 15,09

W3 Tabnuiiel 2 BUAHO, YUCIO IIACTHYHOCTU rIuHbl BKB-
2 u O6ypoBoro nutama pasHoe 29,79 % u 14,57 % coorset-
ctBeHHO. CleJ0BaTeIbHO, IIIMHA OTHOCHTCSI K KJIACCY BBICO-
KOIUTACTHYHBIX MaTePHAIIOB, a OYpPOBOM IIJIaM — YMEPECHHO-
TUTACTUYHBIN, COTIIACHO KITACCU(PHUKAIIMA B 3aBUCUMOCTH OT
YHUclia TUIACTUYHOCTH TIIMHHUCTHIX MartepuaioB mo ['OCT
9169-2021 (I'OCT 9169-2021 «CrIpbe TIMHUCTOE IS Ke-
pamuyeckoil mpombinuieHHocTH. Knaccudukammsa») [12].
Crnenyer oOpaTUTh BHUMAaHUE, YTO YHCIIO TUTACTUYHOCTH OY-
poBoro mmlama B 2 pa3a MEHbBIIE YHCIa IUIACTHYHOCTH
TJIMHBL, HO HECMOTPSI Ha ATO HAXOJUTCS B AOIYCTUMBIX TIpe-
Jleliax COrJIacHO Kiaccu(uKalyu. B CBsI3U C BBIIIEU3II0KEH-
HBIM MOYKHO CUMTaTh OypOBOM HIIaM MPHUTOAHBIM ISl TIPO-
M3BOJICTBA KEPAMUYECKOT'O KUPIHYA.

st ortpenenenust opMOBOYHOM BIRKHOCTH U TIOJTyde-
HUSI OIIBITHBIX 00Pa3IioB OBUT TPOM3BE/ICH pacueT Kepamude-
CKOM MIMXTHI, COCTOSIIEH W3 OypOBOTrO IUIaMa W TIUHBI B
MIPOLIEHTHOM COOTHOLUEHUH IIMHBI K nutamy: 30:70, 40:60,
50:50.

From Table 2 it can be seen that the plasticity number of
VKYV-2 clay and drill cuttings is equal to 29,79 % and 14,57
%, respectively. Consequently, clay belongs to the class of
highly plastic materials, and drill cuttings are moderately
plastic, according to the classification depending on the plas-
ticity number of clay materials according to GOST 9169—
2021 (GOST 9169-2021 «Clay raw materials for the ceramic
industry. Classification») (in Russian) [12]. It should be
noted that the plasticity number of drill cuttings is 2 times
less than the plasticity number of clay, but despite this it is
within acceptable limits according to the classification. In
connection with the above, drill cuttings can be considered
suitable for the production of ceramic bricks.

To determine the molding moisture content and obtain
prototypes, a calculation was made of a ceramic charge con-
sisting of drill cuttings and clay in the percentage ratio of clay
to cuttings: 30:70, 40:60, 50:50.

The value of molding moisture was determined using the
generally accepted weight method. The soaked and mixed
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BennunHa ¢opMoBOUHOIT BiaxkHOCTH ObLIA OINpezeseHa
0 OOLIETIPUHATOMY BECOBOMY CITOcO0y. 3aMOYEHHBIH U Tie-
peMelaHHbIi MaTepuai cOMBAIOT B OPUKET U OCTaBISIOT
JUIS BEUIC)KMBAHUS BO BJIQ)KHOM TKaHU B TeucHHE 24-48 u.
3areM OTOMPAIOT HABECKY, KOTOPYIO IIOMELIAIOT B METAIIIIH-
YyecKnit OI0KC, B3BEIIMBAIOT U BBICYIIMBAIOT JI0 TOCTOSTHHON
MAaccHl B CyImnIbHOM mKady mpu remmepatype 105-110 °C.
BricymenHyio npo0y OXJaXkAaloT B 9KCHKATOPE U B3BELIH-
BatoT. Pacuer otHOCHTENbHOH ((hopMmyma 4) U aOCONMOTHON
BIAKHOCTH ((opMyra 5) IpOU3BOIAT:
my —mj

WOTH.:
WaﬁcA =

my
mj —myp

mp

rJie: m; — Macca BIakKHOH HaBecku (0e3 Macchl OI0Kca),
T; My — Macca abCOIIOTHO CyXoi HaBeckH (6e3 Macchl
Orokca), T.

Jns hopMoBaHuUs JTabOPAaTOPHBIX OOPA3IOB HCCIEIye-
MOE CBIpbE MPEABAPUTEILHO MPOCYIIMBAIOCH JI0 OCTAaTOY-
HOM BIIAXHOCTH 4-6 %, ¢ JambHEHIINM U3MEIbYCHHEM U
npocenBanueM Ha cute 008. bruto ordopmoBano 3 cepumn
00pasIoB ¢ MOCeyonel CYIKOi 1 00)KUrOM NPH TeMIIe-
parypax 900, 950 u 1000 °C. B mpouecce oboxura Temmepa-
Typa MOBHIMIATACH CO CKOPOCTHIO 3 °/MUH U MPH KOHEYHOMH
Temneparype Oblia BeIepkka B TedeHue 30 MuHyT. OXIa-
JKICHUE ECTECTBCHHOE, MTPOAOIDKUTEIFHOCTRIO He MeHee 10
gacoB (TOCT 21216-2014 «Csipbe rauaHICTOS. MEeTOAHI HC-
meITaHui») [13].

DKCHepUMEeHTHI M 00Cy:K1eHne Pe3yIbTaTOB

B cootBerctBum ¢ 'OCT 21216-2014 u I'OCT 7025-91
(I'OCT 7025-91 «Kuprnuy u kaMHU KepaMU4IEeCKHE U CHIIHU-
KaTHbIe. MeTo/IbI omnpe/iesieH s BOJOMOTIIONICHNUS, IIOTHO-
CTH U KOHTPOJII MOPO30CTOKOCTHY) [14] mist M3roToBiIeH-
HBIX 00pa3loB ObUTH OIpeAeneHbl (HU3NKO-XUMHYECKUE
cBoiicTBa. Pe3ynbTaThl UCCICIOBAHUS MIPECTABICHEI B Ta0-
nuue 3.

- 100 %
- 100 %

material is knocked into a briquette and left to sit in a damp
cloth for 24-48 hours. Then a sample is taken, placed in a
metal bottle, weighed and dried to a constant weight in a dry-
ing cabinet at a temperature of 105-110 ° C. The dried sample
is cooled in a desiccator and weighed. Calculation of relative
(formula 4) and absolute humidity (formula 5) is carried out:

“4)
®)

where: m; is the mass of the wet sample (without the
mass of the bottle), g; m, — mass of absolutely dry sample
(without bulk weight), g.

To form laboratory samples, the raw materials under
study were pre-dried to a residual moisture content of 4-6 %,
with further grinding and sifting on a 008 sieve. 3 series of
samples were molded, followed by drying and firing at tem-
peratures of 900, 950 and 1000 °C. During the firing process,
the temperature increased at a rate of 3 °/min and was held at
the final temperature for 30 minutes. Natural cooling, lasting
at least 10 hours (GOST 21216-2014 «Clay raw materials.
Test methods») (in Russian) [13].

Experiments and discussion

In accordance with GOST 21216-2014 and GOST 7025-
91 (GOST 7025-91 «Ceramic and silicate bricks and stones.
Methods for determining water absorption, density and frost
resistance control») (in Russian) [13], the physical and
chemical properties of the manufactured samples were deter-
mined. The results of the study are presented in Table 3.

TABJIUILIA 3. ®PU3UKO-XUMHUUYECKHUE CBOMCTBA OBP3A3110B

Table 3. Physical and chemical properties of samples

CocTtaB 00pa3uoB (0OTHOLIEHHE [VIMHA:0ypoBo# mL1aM), %
Composition of samples (ratio of clay to drilling waste)
CBolicTBa 50:50 40:60 30:70
Properties TemnepaTypa o0:xura o6pasnos, °C
Sample firing temperature, °C
900 | 950 | 1000 | 900 | 950 | 1000 [ 900 | 950 | 1000
T || 26,83 24,39 23,18
8 Absolute
HOCTb, % Molding Orrost
0 . 0, -
humidity, % Relative 21,15 19,61 18,82
3
Tnornocts, r/ em 1946,1 | 1947,0 | 19474 | 1990,5 | 1992,2 | 19952 | 20442 | 20584 | 2061,6
Density, g/ sm
0,
Moanas oObemman yeanka, % | 5,55 | 5795 | 2897 | 2394 | 2503 | 2537 | 2114 | 233 | 2341
Full volumetric shrinkage, %
Bononoriomenue, %
Water absorption, % 11,98 10,95 10,52 11,95 11,11 10,72 11,27 11,00 10,67

3raueHne (GOPMOBOYHON BIAKHOCTH BIHUSET HA CIIOCOO
IPOU3BOACTBA KEPAMHUYECKOTO KHPIHYA, a TAKXKe SBILICTCS
OJJHUM U3 BO)XHBIX [TOKa3aTelleld IpH BEIOOPE ONTHMAIBLHOTO
pexuMa CyWKU cbiplia. Tak ¢ yMEHbIIEHHEM I0Ka3aTess
BJI&YKHOCTH, CKOPOCTb CYIIKH TTOBBIIIAETCS, a €€ JJIUTEIb-
HOCTh CHMUYKAETCsl, B CBSI3M C Y€M MPOLIECC YCaKU IPOTEKAET
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The value of molding humidity affects the method of
producing ceramic bricks, and is also one of the important
indicators when choosing the optimal drying mode for raw
bricks. So, with a decrease in humidity, the drying speed in-
creases and its duration decreases, and therefore the shrink-
age process proceeds evenly without the formation of cracks
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paBHOMEpHO 0e3 00pa3oBaHMs TPELIMH U cKosioB. OOparuast
BHUMaHHE Ha MOKa3aTeln (OpPMOBOYHOH BiIaXHOCTH (Tald-
nuna 3) SKCIepUMEeHTAIbHBIX CMecel, HabltoaaeTcs oopar-
Hasl 3aBUCHMOCTb: C TOBBIIICHHEM COJEP)KaHHs B COCTaBe
OypoBOTO IITaMa BIAYKHOCTh CMECH yMEHbIIAeTCst U Ha000-
pot. 13 atoro cnenyer, yTo OypoBOH IUTaM MOKET HCIOJNb-
30BaThCSl B CHIPHEBOM CMECH MNPH IUIACTUYECKOM Crocobe
(dopMoBaHus, Tak Kak (HOPMOBOYHAS BIAXKHOCTH IIPU TAKOM
cniocobe cocrasiser 18-28 %.

B coorBerctBun ¢ 'OCT 530-2018 ucmeiTyemsie 06-
PasLBl OTHOCATCS K IPYIIIe OOBIKHOBEHHBIX H3IEIHI 10 Tell-
JIOTCXHUYCCKUM XapaKTCPUCTUKAM B 3aBUCUMOCTH OT 3HAYC-
HUSI TNIOTHOCTU U COOTBETCTBYIOT KJIACCy CpeIHel MIOTHO-
CTH PSIOBOTO KUpIHyYa ¢ nokaszarensimu 2,4-2,0. Ilokazarens
TUIOTHOCTH HAIpsIMYIO 3aBHCHUT OT COJIEp)KaHHs B CHIPHEBON
cMecH OypOoBOTO 11IamMa, C YBEJIMYEHHEM ero NPOLEHTa B Ke-
paMuIecKoii Macce, INIOTHOCTH MOBBIIIACTCS.

Hcxons 3 pacdeToB MONHON 00BEMHOHN ycaaku oOpas-
[JOB MOXKHO 3aMETHTbh, C MOBBIIICHUEM COAEPXKaHHUs Oypo-
BOT'O IIUTaMa B CMECH IOKa3aTellb ycaaKy CHIkaercs. Ecim
paccMaTpuBaTh KaKIbIi COCTaB B OTACIBHOCTH, TO C TIOBBI-
IICHHEM TeMIepaTypsl o0XKUra ycaaka Bo3pactaeT. Tak co-
cTaB ¢ conepkanueM Oyposoro nurama 50 % u Temmepary-
poit ooxkura 1000 °C obnamaer caMbIM BBICOKHM ITOKa3are-
nem ycaaku — 28,97 %. CoctaB, B KOTOPOM OYpOBOTO IIjIamMa
70 % u Temneparypa ooxura 900 ‘C, uMeeT caMyro HU3KYIO
ycaaky — 21,14 %.

Bopnornorionienue psiioBoro Kupuya JI0JDKHO OBITh HE
Mmeree S5 % (I'OCT 530-2018). DToT moka3aTeib 3aBHCUT OT
TEMITEpaTyphbl 00KUTra, a TaKXKe IToKa3aTels IIIOTHOCTH 00-
pasuoB. CoryiacHO pe3yJibTaTaM UccienoBanni (Taduuma 3),
C TIOBBIIICHUEM COZACPXKaHHUs OypOBOro muiaMa, MoKa3aTens
TUIOTHOCTH M TeMIIEPaTyphl 00XKUra oOpa3loB — 3HaYCHHE
BOJIOIIOTJIOLICHHS CHU)KAETCA B JOIYCTHUMBIX Mpeieiax Io
I'OCT 530-2018.

3akJjouenue

ITo pe3ynbpTaram ncciaenoBaHU OBUTH CASTAaHbI CIEAYI0-
1IIMe BBIBOJBI:

—aHaJIM3 XMMUYECKOro W (ha30BOTO COCTaBa, a TaKKe
oIpeieIeHUE YKciIa INIACTHYHOCTH OypPOBOTO 1IlIamMa, CBHIe-
TEJILCTBYIOT O BO3MOYKHOCTH €I'0 UCIIOJIb30BAHHS B KAYECTBE
TJIMHO3aMEIIAOUIETO ChIPhs B Kepamuuecko macce [15];

— KOMIUIEKCHasi TepepaboTka KOMITO3MIHH OypOBOTO
IjaMa W TJIMHBI HA 3Tamnax IOATrOTOBKH, (HOPMOBAHMUS,
CYIIKH U 00Hra 00ecrieunBacT B YCIOBUAX HU3KOTEMIIEpa-
TypHOTO OOXHIra COOTBETCTBHE (PU3HMKO—XUMHYECKUX
cpoiictB kuprnga TpedoBanmsiM 'OCT 530—- 2018 [16];

— COCTaB CMECH C cojiepkanreM OypoBoro nuiama 60 % u
Temneparypoii ooxura 950 °C sBisercs oNTUMAIBEHBIM IO
MOKa3aTeIsIM HMCCIICIyEMBIX CBOMCTB: ()OPMOBOYHAS BIIAXK-
HOCTh — 19,61 %, IIOoTHOCTH - 1992,2 1/ cM®, 00beMHas ycaaka
- 25,03 %, Bogonornomenue - 11,11 %.
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1. CnpaBka 0 COCTOSIHUU U TIEPCIEKTUBAX UCIIOJIb30BAaHMUSI MUHE-
paibpHO-chIpbeBoi 6a3bl FODPO na 2021 r.: URL:https://www.ros-
nedra.gov.ru (zata obpamenus: 23.11.2023 r.)

2. JluHaMuKa MPOMBIIUIEHHOTO Ipou3BoacTBa B 2022-2023 1r.:
URL: https://rosstat.gov.ru (mata obpamenus: 23.11.2023 r.)

and chips. Paying attention to the indicators of molding
moisture content (Table 3) of experimental mixtures, an in-
verse relationship is observed: with an increase in the con-
tent of drill cuttings, the moisture content of the mixture de-
creases and vice versa. It follows from this that drill cuttings
can be used in the raw material mixture using the plastic
molding method, since the molding moisture content with
this method is 18-28 %.

In accordance with GOST 530-2018, the tested samples
belong to the group of ordinary products in terms of thermal
characteristics depending on the density value and corre-
spond to the class of average density of ordinary bricks with
indicators of 2,4-2,0. The density indicator directly depends
on the content of drill cuttings in the raw material mixture;
with an increase in its percentage in the ceramic mass, the
density increases.

Based on calculations of the total volumetric shrinkage
of the samples, it can be seen that with an increase in the
content of drill cuttings in the mixture, the shrinkage rate de-
creases. If we consider each composition separately, then
with increasing firing temperature the shrinkage increases.
Thus, a composition with a drill cuttings content of 50 % and
a firing temperature of 1000 °C has the highest shrinkage
rate — 28,97 %. The composition, which contains 70% drill
cuttings and a firing temperature of 900 °C, has the lowest
shrinkage — 21,14 %.

The water absorption of ordinary bricks must be at least
5 % (GOST 530-2018). This indicator depends on the firing
temperature, as well as the density of the samples. According
to the research results (Table 3), with an increase in the con-
tent of drill cuttings, density indicator and firing temperature
of samples, the value of water absorption decreases within
acceptable limits according to GOST 530-2018.

Conclusions

Based on the research results, the following conclu-
sions were made:

—analysis of the chemical and phase composition, as
well as determination of the plasticity number of drill cut-
tings, indicate the possibility of its use as a clay-substituting
raw material in ceramic mass [15];

—complex processing of the composition of drill cut-
tings and clay at the stages of preparation, molding, drying
and firing ensures, under low-temperature firing conditions,
compliance of the physical and chemical properties of
bricks with the requirements of GOST 530-2018 [16];

—the composition of the ceramic mixture with a drill
mud content of 60 % and a firing temperature of 950 °C is
optimal in terms of the properties being studied: molding
humidity — 19,61 %, density — 1992,2 g/cm?, volumetric
shrinkage — 25,03 %, water absorption — 11,11 %.
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