Ne 2/2025

O‘zbekiston
ompozitsion
ateriallar

[Imiy-texnikaviy va amaliy jurnali

Y30eKCKU HAYYHO-TEXHUYEeCKHU U MPOU3BOACTBEHHbIN XKypHaJI

KOMHOBI/IHI/IOHHbIe MATEPHUAJIbI




IIpo6.iemMHbBIE 0630pbI

Komno3uuuonusie Mmatepuaisl Ne2, 2025

BbIBOP ITOJIMMEPOB 1 OPTAHOMUHEPAJIbHBIX HATIOJTHUTEJIEA 1 METO/IUKA
MNOJIYYEHMA KOMIIO3ULIMOHHBIX MATEPHUAJIOB C BBICOKUMUA
BJIEKTPOPU3ZNYECKUMU U TPUBOTEXHUYECKUMHU CBOMCTBAMHU

Aben H.C., HermartoB C.C., AdaykaxxapoB A.A., Tyasiranosa B.C., Kacsimos L1I.B, /I:ka6apos B.T.,
Mypanos U.HU., Iprames H.J, Xaiinapos U.1O., Kyp6anos Y.M., bozop6oes L1I.A.

Tocyoapcmeennoe yupesicoenue “@an 6a mapaxxkuem”™

BBenenue. B Hacrosmiee Bpemsi YpOBEHb
pa3BUTHUA MIPOU3BOJCTBA  KOMIIO3UL[MOHHOTO
MaTepUAIOBEACHUS I03BOJISIET cO37aBaTh
YHUKQJIbHbIE  KOMIIO3MLIIMOHHBIE  TIOJIMMEPHBIE
Marepuaibl, padboTOCIOCOOHBIE B IKCTPEMalbHBIX
YCIOBUSIX ~ NPU  HU3BKUX U TOBBIIIEHHBIX
TEMIEpaTypax, HaBIEHUSAX, B arpeCCUBHBIX H
abpa3uBHBIX cpenax. [1-5].

TenaeHuuel pa3BUTHs TaHHOTO HAMPABICHUS

SIBISIETCA co3/1aHue BBICOKOHAITOJTHEHHBIX,
apMUpOBaHHBIX ® o0cob0o mpounbix KMII ¢
peryaupyeMbIMU 3KCIUTyaTallMOHHBIMU

IMOKa3aTCiI MU KOHCTPYKIIMOHHOTO, CIICHHUAJILHOTO
1 MHOTO()YHKLIMOHAIBHOTO Ha3HaueHus1. Hecmotps
Ha  ILIMPOKOE NPUMEHEHHE  MOJIMMEPHBIX
MaTepuaioB Ui PabOvYMX OPTaHOB pa3IHYHBIX
MalIMH U MEXaHU3MOB, B JINTEPAType HEAOCTATOUHO
OCBELICHBI PEKOMEH AN o BBIOODY
OTIpEeNIEIICHHOTO TUIA TTOJMMepa ISl TPUMEHEHUS B
KOHKPETHBIX YCJIOBHUAX B J3KCIUTyaTalluW MalllWH, B
YaCTHOCTH  JUII  TOKpHITUS  Ha  paboueit
MMOBCPXHOCTH IIHEKOBBIX U ITHEBMAaTUYC€CKUX
TPaHCHIOPTEPOB XJIOTIKOTIEpepa-0aThIBAFOIIIUX
MalliH ¥  MEXaHW3MOB, pPalOTAaOIUX IpH
B3aMMOJICHCTBHH C XJIOTIKOM-CBHIPIIOM.

OueBHIHO, YTO BBIOOp MaTepuana JOJDKEH
OBITH OCYIIECTBIICH C YUETOM LIEIEBOTO HA3HAYCHHUS
W3AeNMi WU chOPMYTHUPOBAaHHBIX TpPeOOBaHUH,
MPEABABIACMBIX K HOHHMepHOfI Marpuue
KOMIIO3UIIMOHHOTO Marepuana [yil IOJIy4eHHs
MOKPBITUSL Ha PadOYMX TMOBEPXHOCTAX pPaboumx

OpraHoB XJIOIIKOBBIX MaIll1H. CornacHo
Tpe6OBaHI/IHM, KOMITIO3MIIUOHHBIC  ITOJMMEPHBIC
Marepuaibl JOJIDKHBI O6J'Ial[aTB BBICOKUMH
AHTHUCTaTHYCCKHNMU, BHGKTPO(l)I/IBI/I‘{e CKHMHU

CBOMCTBaMH, B YAaCTHOCTH, 3JIEKTPONPOBOISIIUMU
cBolicTBaMU (ymapHasi U aAre3WOHHAs MPOYHOCTb,

TBEPIAOCTh), a TaKKe BBICOKOW KOPPO3HOHHOM
CTOMKOCTBIO,  BJIArOCTOMKOCTBIO,  TEXHOJIOI'MY-
HOCTBIO, HU3KOU CTOMMOCTBIO 51 HE
e UIUTHOCTBIO.

Pesyabrarel  umccaenoBanmii. C  1enbro
CO3/1aHus KOMITO3ULIMOHHBIX MTOJIMMEPHBIX
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MaTeprantoB TPHUOOTEXHUUYECKOTO Ha3HAYEHUs IS
XJIOTIKOTIEpepadaThIBAIOIINX MaIluH "
MEXaHH3MOB, B YaCTHOCTH, Il pabOYMX OpPraHOB
IIHEKOBBIX W IHEBMAaTHYECKHUX TPaHCIOPTEPOB
XJIOTIKOTIEpEePadaThIBAOILX MalluH, IS
MPaBUIIBHOTO BBIOOpA MOJMMEPHOT0 Marepuana u
paccMOTpUM  I1€JI€COO0Pa3HOCTh HCIIOIB30BAHUS
TEPMOPEAKTUBHBIX ~ IONHMMEPOB, B YaCTHOCTH
SMOKCUIHBIX TIOJTUMEPOB u Pa3IMYHBIX
OpraHOMHHEpAJIbHBIX HAIOJIHUTENEH, MCXOAd U3
BBIIIIEYKa3aHHBIX TPEOOBAHUH.

Jns  uccienoBaHus — IEKTPO(U3UUECKUX,
MPOYHOCTHBIX U YIYYIIEHHUS TPHUOOTEXHUYECKUX
CBOWCTB W  MOBBIIIEHUS  M3HOCOCTOMKOCTH

KOMITO3UIIMOHHBIX TTOJIMMEPHBIX MaTepHalioB JUIs
BBEJICHUSI B COCTAB MOJUMEPHBIX CBS3YIOLINX HAMH
Obutn  BBIOpaHBI  CJIEOYIOLIME  HAIOJHUTEIH:
MUHEpAIbHBIE - BAJUIOCTOHUT, KAOIHWH, TalbK;
BOJIOKHUCTBIE- CTEKJIOBOJIOKHO, XJIOTIKOBBIN JIMHT;
yrierpaduroBbie - caxa, rpadur.

OTH HaloONHUTENN ODIHYAIOTCS Takke II0
cTpykType (hopMoii yacTuir) U pazMepaMy 4acTHII:
3€pHUCTBIN - caXka; IIACTUHYATHIE U YelIyHyarhle -
rpa¢ur, KaoJIuH, TaJbK, BOJIJIOCTOHMT;
BOJIOKHUCTBIE- CTEKJIOBOJIOKHO, XJOIKOBBIN JIMHT.
CpenHue pa3Mepsl 4aCTHUI] HAOJIHUTENEH TOKHBI
Haxonutbed B unrepsaie ot 1,0 mo 50,0 mxm [6].

Bb100p 3THX HAaMOIHUTEIEH AJ1S HCCIEOBAHUS
oOyCIIOBIIEH ~ cIeqylomMM: TpaduT H  caxa
YIY4IIArT TEIIO- U 31eKTPodU3NIECKUE CBOMCTBA
KOMITO3UIMH. CTEKJIOBOJIOKHO M XJIONKOBBIA JIUHT
MPUJAIOT MaTrepuagy BBICOKYIO IIPOYHOCTE H
MOBBIIIAOT 15,4 YCTOHYHBOCTh K
TEPMOMEXaHUYECKUM  BO3JEHCTBUSAM 33  CUET
apMupoBaHus. TaabK, KAOJIMH, MET U BOJUIOCTOHUT
BBIOpaHBl C LEIbK0 CHIDKEHHS CTOMMOCTH
PEKOMEHIyeMbIX AJISi BHEIPEHUS M MPOU3BOICTBO
KOMITO3UIIMOHHBIX IOJUMEPHBIX MaTepUaloB C
nonuMepHoi Marpureil. Kpome Toro, BEIOOp 3THX
HAaloJIHUTENEH OO0YyCIIOBIEH HMX HOCTYIHOCTBIO U
3HAUUTEJIbHOM JIEMIEBU3HOM 1O CpPaBHEHHUIO C
JpYTUMH HamoJHUTensMH. B  Tabmune pmana
XapaKTEpPUCTHKA OObEKTOB HCCIECA0BaHUH.
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Taoauna

XapakTepucTuka 00beKTOB MCCJIe0BAHU I

DIoKcHIHAS CMOJTa TV-6-05-211 Bs3ko-TekyueM cOCTOSTHUU
HaumenoBanue HopmaruBHble TOKyMEHTBI Pa3smep yacTui, Mkm

Tanpk, MOJIOTBIN I'OCT 879- 52 1.8-30

Caxa TY 5-52 ATI- 70 0.35-0.50

Kaonun I'OCT 6138- 81 0.5-0.6

I'padur I'OCT 5261- 85 20-50

Bonnactonut 100-150

Men I'OCT 17498-72 -

XJIOTIKOBBIN JTUHT I'OCT 9849- 74 JnvHa BoiokHa 0.06-1.27

CTeKIIOBOJIOKHO TV 6-11-191-90 0.025-3.20

Hns  wu3ydeHHs  TpUOOTEXHUYECKHX H MOJTMMEPHBIX MarepuaioB Ha u3zaenme
MIPOYHOCTHBIX CBOMCTB MOIMMEPHBIX KOMIIO3ULIH, BEPTUKAIBHBIX  IOBEPXHOCTEH  OKOHYATENbHAs

paboTaromux B YCIOBHAX B3aWMOJEHCTBHUA C
XJIONKOM-CBIPIIOM B KadecTBe  KOHTpTena
UCTIOJIB30BaJIM  XJIOMOK-ChIpely  l-ro  copra
MAIIMHHOTO M PYYHOTO cOOpa C BIAXHOCTBIO OT
8,0 1o 25,0% u 3aCOpPEeHHOCTHIO0, COOTBETCTBEHHO,
10-15 u 2-5%. Taxoii BEIOOp 00YyCIIOBIIEH TEM, YTO
Takde HW3MEHEHHS BJIAXHOCTH M 3aCOPEHHOCTU
XJIOTIKa-ChIpIla B TaKOM JMara3oHe HauOoIee
XapakTepHbl Ui pabOThl 3aroTOBUTEIBHOM CEeTH
XJIOMIKOOYUCTUTENBHOM MPOMBIIIIEHHOCTH [ 7, §].

Komrmo3urronHbIe mosuMepHbIe MaTepratbl
(KIIM) momyyanu Ha OCHOBE SIMOKCHIHBIX
MOJMMEPHBIX MaTepUalIOB U OPraHOMHHEPATbHBIX
HaIOJIHUTENIEH, KOTOphIE CMEIIUBAIU MEXKIY
co00if B CMECHTENH 110 METOMKE, IPUBEACHHON B
paboTe ¢ moTUMEpPHBIM CBs3yromuM [9;¢.126-136,
10;c.125-128, 11;¢.350-352].

Hanecenne mMOKPBITHI TEpMOpPEaKTUBHBIX
pacTBOPOB M TEPMOPEAKTUBHBIX pPAaCTBOPOB U
KHUIKOOOPA3HBIX TIOJIMMEPHBIX MAaTepHalIoB U
OCYIIIECTBIISUIN cleayromuM obpazom. Hanecenne
KOMITO3UIIIOHHBIX ~ JMOKCHIHBIX  TTOJINMEPOB
OCYIIIECTBIISUIN KHCTBIO, pacmbUIEHUEM,
MOTPY’KEHUEM U3JIENNI B BAHHY C pACTBOPOM HIIH
HaJIUBOM €TI0 [OBEPXHOCTh U3/EIHSA, a TAKXKE IIPH
oMoty Tpadapera, GUIEHIATOM U TOPLIOBKH.

PaccMoTpyM  TEXHONOTMIO  MOTyYEHUS
HOKPBITUSI M3  KMIOKUX M BA3KOTEKYYHX
TEPMOPEAKTUBHBIX 3MOKCUAHBIX HONUMEpoB. s
MOJTyYEHHs] KAUECTBEHHOT'O MOKPBITHS KUCTHIO U3
pacTBOpOB WM JAPYTHX JKWUJAKO  0Opa3HbIX
MaTepuaioB, HEOOXOOUMO OIlyCKaTb B PacTBOP
TOJIBKO HIDKHIOIO YacTh KUCTH; M3JIUIIEK pacTBOpa
C KHCTHU OT’)KUMATh JIEPEBSIHHYIO JIOTIATKy WU Kpail
BeZIpa; pacTBOP B BEIPE WM COCYAE HEOOXOIMMO
nepeMeniarb KHCTBIO; pPAacTBOp HAHOCAT Ha
MIOBEPXHOCTh IINPOKHMH IOJIOCKAMH, KOTOpBIE C
CHJIOW PacTYIIEBBIBAIOT CHAa4ajIa B IIPOAOJIEHOM, a
3aTeM B IONEpeYyHOM HampasieHud. [lpu
HaHECEHUH PacTBOPOB U APYTUX KHUIKO 0OPa3HBIX
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pacTyIIeBKa KUCTBIO JiejaeTcs cBepxy BHU3. [locie
YHOTPEONICHUST KUCTH JIOJKHBI OBITh BBIMBITHI
PAcTBOPUTEISIMU, OMYJbraTropaMyu WA JPYTHMU
BEIICCTBAMHU, KOTOPbIC OYHILAIOT IIIETUHY U BOJIOC
kuctu. [12].
[IpeumymiecTBaMy  Py4HOTO  HAHECCHHS
pacTBopa WM  JPYTHX KHIKO  OOpasHbIX
MOJIMMEPHBIX MaTrepHajioB KHUCTBHIO  SIBIISIOTCS
MPOCTOTa W YHUBEPCAIbHOCTh. KHCTAMH MOXHO
HAaHOCHTh TIOKPBITUE Ha WU3AETUS Pa3IMdHON
koH(urypanuu W pasmepoB. [Ipu  Takom
HAaHECEHWM  TIOTEPU  PACTBOPOB  HEBEIIMKH,
OTCYTCTBYEeT HEOOXOAMMOCTh B  CICIHATHLHOM
00OpyIOBaHUHM ¥ CIIOKHBIX TPHCIIOCOOICHUSIX.
OnHako, HAaHECEHHWE PACTBOPOB KHUCTHIO HMEET
HU3KYI0  TMPOW3BOJUTEIBHOCTE W OOJNBIIYIO
TPYAO0EMKOCTh. HeBO3MOXKHO NCTIOIB30BATh, TAKKE
OBICTPO COXHYIIUE U TJIOXO PACTYIICBHIBAIOLIHECS

pacTBOPEI.

HauGonpmryro  mMpou3BOMUTENEHOCTE U
HU3KYI0  TPYIOEMKOCTh  HMEET  HaHECCHHE
pPacTBOPOB  WJIM  JAPYTHX JKUAKO  OOpa3HBIX
MOJIUMEPOB  OKyHaHHEM WM  pPacObUICHUEM
CHUCTONITOM-pacubuinTeneM [12].

YcranoBka obecrieanBaeT
BBICOKOKAYECTBEHHBIE  MOKPBITHS,  MO3BOJSET
MEXaHU3UPOBaTh, a B HEKOTOPBIX CIydasX u

ABTOMATHU3UPOBATH MPOIIECC HAHECEHUSI PacTBOpa.
HecmoTps Ha LieHHBIE TPEUMYIIECTBA, YCTAHOBKU
TaKOTO THIA UMEIOT U Cepbe3Hble Hemoctartku. K
HUM OTHOCSITCS OOMJIbHOE 0Opa3oBaHHE TyMaHa,
BpEITHO JIEHCTBYIOIIETO Ha 3II0pOBbE
00CITy)KMBAIOIIIETO TIEPCOHAA, COOTBETCTBCHHO
YBEJIIMYUBAIOIIETO PACXOJ] PACTBOPA WM JKUIKO
oOpaszHoro marepuana Ha 15- 30% mo cpaBHEHUIO
C  HAHECCHHEM  KHCTSIMH,  HEOOXOJUMOCTh
MPUMEHEHUE  PACIBUIMTENILHBIX  KaMep  C
YCTPOWCTBAMU  JIISl  yAAlNeHHUs W OYUCTKH
3arps3HEHHOTO  BO3Myxa; OONBIIONH  pacxon
pacTBOpHUTENIs Ha pa3BEACHUE IOJIMMEPHOTO
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Marepuana i NoixydeHus paboyeil BA3KOCTH U HW3HOCOCTOMKOCTh, CHIKEeHHE Kod(ddumenta
HEBO3MOXHOCTh  TIOJIy9€HHUS  TOJCTOTO  CJIOS TpEeHHA, cTabubHBIE TUDJIEKTPUIECKHUE
MOKPBITHSI  TIPH  OJHOKPAaTHOM  HAaHECEHHUH rapaMeTpsl ¥ TEPMOCTONKOCTbD.
pacTBopa. Pazpaborannass ~ MeTrogMka — TONy4YCHHS

BoiBoabl.  Takum  oOpasom,  BBIOOp KOMITO3UIIIOHHBIX MAaTepUaiOB BKIFOUAET OJTallbl
ONTUMANBHBIX  TOMUMEPHBIX  CBS3YIOMIUX U MTOJTOTOBKHA KOMITOHEHTOB, CMEIIeHus,
OpPraHOMMHEPAJIBHBIX ~ HAIOJHUTENEH  SIBISETCS (dhopMOBaHUS W OTBEPXKICHHUS, YTO B KOMILIEKCE
KJTFOYEBBIM takTopom npu paspaboTke TI03BOJISIET JOOHUTHCS BOCIIPOU3BOUMBIX
KOMITO3UIIIOHHBIX MAaTepUaioB C TOBBIIIEHHBIMU pPe3yIBTAaTOB W BBICOKOW CTA0MIBHOCTH CBOMCTB.
ANEKTPOPHU3MYECKIMA W TPUOOTEXHUYECKUMH [TomyuenHsble MaTepHabl MOTYT OBITH
cBoiicTBamu. [IpuMeHEHHE SMOKCHUAHBIX CMOJN B 3 PEKTUBHO UCIOIB30BaHBl B OTBETCTBEHHBIX
COYEeTaHUU c MOIU(UITIPOBAHHBIMHA y37aX TPEHUS M JJIEKTPOTEXHUYECKUX CUCTEMax,
HATIOJTHHUTEISIMH TTO3BOJISIET HaIpaBJICHHO rme  Tpebyercs  COYeTaHHWE  MEXaHHYeCKOH
(hopMHpOBaTh CTPYKTYpY MaTepuaa, ooecreunuBas MPOYHOCTH M CTAOMIBHBIX 3JIEKTPOYU3NIECKHX
YIy4IIEHHBIE XapaKTEPUCTUKH, TAKHUE KAK BRICOKAS XapaKTEPHUCTHK.
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INVESTIGATION OF THE PHYSICO-MECHANICAL PROPERTIES OF CEMENT-
MICROSILICA COMPOSITIONS BASED ON INORGANIC INGREDIENTS FOR SOIL WALL
STABILIZATION IN GAS WELLS

Negmatov Sayibjan, Olimjon Panjiyev, Nigmatulla Talipov, Nodira Abed

State Establishment “Fan va tarakkiyot”

Abstract. The article presents the results of a study on the influence of microsilica on the properties of
composite cementing materials. It was found that the introduction of a certain mass fraction of microsilica into
Portland cement enhances the physicochemical and strength properties of the resulting composite cementing
materials, reduces their bulk density, and improves their technological characteristics used in the process of

securing the walls of oil and gas wells.

Keywords: microsilica, Portland cement, density, composite binders, matrix, cementing material, oil

and gas wells, drilling process.

Introduction.  Currently, the effective
development of oil and gas fields is achieved
through the construction of wells that allow for
increased reservoir oil recovery, reduced
operational costs for infrastructure, drilling of
boreholes into oil-bearing formations located
beneath salt domes, avoidance of complicated rock
zones, development of hard-to-reach oil and gas
fields, and enhancement of hydrocarbon extraction
efficiency in fields at the late stages of development,
etc. [1].

One of the ways to address this issue is the
further development and broader application of
efficient, lightweight, and water-resistant composite
materials. These materials are high-performance
cement-based plugging materials produced using
finely dispersed industrial waste, which enable the
formation of a strong structure during the hardening
of the mortar mixtures. One such material is
composite binding materials obtained with the use
of finely dispersed fillers [1-4].

In most cases, the construction of the
aforementioned wells is associated with numerous
technical and technological challenges.
Approximately 25% of oil and gas wells experience
interlayer fluid migration, which is caused by poor-
quality cementing. An important direction in
ensuring the reliable casing of wells is the
development of cementing fluid formulations that
improve the cleaning of the wellbore from clay
deposits and enhance the sealing of the annular
space.

Due to the depletion of existing easily
accessible deposits, an increasing amount of well
construction work must be carried out under various
geological conditions. In this regard, the
development of composite cementing slurry
formulations using low-density fillers that meet the
requirements for well casing in different geological
conditions is a highly relevant task.

The reduction in the cost of cementing
materials is achieved through the use of composite
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binding materials based on cement and microsilica,
which is a finely dispersed industrial waste from the
metallurgical industry.

Objects and Methods of Research. To obtain
the composite cementing material and the slurry
based on it, the following materials were used:
Portland cement grade M400DO from the
“Kizilkumcement”  plant; finely  dispersed
microsilica waste from JSC “Uzmetkombinat” was
used as a micro-filler; and as a modifier, fibrous
chemical waste materials based on polyacrylonitrile
(PAN), soapstock, caustic soda, and soda ash were
used [5, 6].

It should be noted that microsilica (silica fume)
is an ultrafine material consisting of spherical
particles, obtained during the gas cleaning of
electric arc furnaces in the production of silicon and
ferrosilicon. The main component of the material is
amorphous silicon dioxide. Microsilica is a crucial
component in the production of cementing materials
with high performance properties. Microsilica is
ultrafine silicon dioxide in an amorphous state
(specific surface area: S_yn = 16-22 m*/g for micro-
silica, 30-300 m*/g for nano-silica). The chemical
composition of microsilica, as shown in Table 1,
consists mainly (more than 90%) of silicon dioxide
(Si02). Microsilica is available in the following
grades: MK-65, MK-85, MK-95, MKU-65, MKU-
85, MKU-95. MKU denotes condensed, densified
microsilica. The bulk density of MK grades should
be in the range of 150-300 kg/m3, while MKU
grades range from 310-600 kg/m*. The numbers
indicate the minimum content of silicon dioxide
(Si02) in percent. Microsilica exhibits pozzolanic
activity and is therefore used as an effective additive
in cements and concretes. According to GOST R
56196-2014, it belongs to technogenic mineral
additives. The requirements for microsilica are
specified in State Standard R 56178-2014 [2-5].

He prepared samples based on the cement—
microsilica composition were tested for flexural and
compressive strength using a PGM-500 MG4A
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hydraulic press. The specific surface area of the
composite cementing materials was determined
using a PSKh-4 device. To study the effect of
microsilica on the strength characteristics, standard
samples of 4x4x16 cm were prepared from normal
consistency paste of the developed composite
cementing compositions.

Results and Analysis. The chemical
properties of the raw materials and the
physicochemical properties of the developed
cement—microsilica composition were investigated.
The chemical composition of the raw materials is
presented in Table 1. The physicomechanical

characteristics of Portland cement are shown in

Table 2.
Table 1
Chemical Composition of Selected Raw Materials for the Production of Composite Cementing
Compositions
Material Oxide Content, wt.%
SiO, | AlOs | FexO; | CaO MgO | SOs | RO | PPP | Total
Portland Cement | 23,96 4,7 0,79 | 66,76 | 2,86 0,57 | 0,30 - 100,0
Microsilica | 9350 1 070 | 090 | 120 | 1,00 | 020 | 059 0.60 | 97,96
Table 2

Physico-mechanical Characteristics of Portland Cement from the “Kizilkumcement” Plant

Parameter Values for M400 DO
Parameter Name
Cement

Fineness: residue on sieve No. 008, % 6,4
Water-to-binder ratio 0,32

Setting time, h—min 225

— Initial setting 4-50

Compressive strength at 28 days, MPa 49,5

Flexural strength at 28 days, MPa 6,7

During the laboratory studies, high-
performance  composite  cementing  slurry
formulations with low density were developed for
the cementation of casing strings under various
geological conditions. The composition includes

hydraulic binders, microsilica as a finely dispersed
filler, lime, and other additives. The main physical
characteristics of microsilica are presented in Table
3.

Table 3

Main Physical Characteristics of Microsilica
(JSC “Uzmetkombinat” according to Ts 00186200-12:2019)

No | Parameter Name Parameter Values Ultrafine material
of dark gray color

1 | Appearance Parameter Values Ultrafine material
of dark gray color

2 | Moisture content, wt.% not more than 3

3 | Loss on ignition (LOI), wt.% not more than 3

4 | Silicon dioxide (SiO2) content, wt.% not less than 85

5 | Sulfur trioxide (SOs) content, wt.% not more than 0,6

6 | Magnesium oxide (MgO) content, wt.% not more than 3

7 | Bulk density, kg/m?, not less than 250

Lime was added to the composite cementing
compositions to improve the plastic properties of
the slurry, reduce shrinkage deformations, act as a
water-retaining additive, and increase the working
life of the slurry. Condensed microsilica is produced
during the smelting of ferrosilicon and its alloys at
“Uzmetkombinat” (Bekabad Metallurgical Plant).
A large amount of amorphous silicon dioxide forms
spherical particles as a very fine product from a

portion of silicon monoxide after oxidation and
condensation. In the technological process, some of
the silicon monoxide (SiO) forms an extremely fine
product resembling ultrafine powder, with particles
of amorphous silicon dioxide having an average
specific surface area of about 18-20 m?/g. The
average particle size is approximately 0.1 pm,
which is a hundred times smaller than the average
cement grain.
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Cement—microsilica ~ compositions  were
prepared by mixing the components in various
ratios in a laboratory mixer for 15 minutes until a
homogeneous composition was obtained. In
developing a low-density cement composition, the
effect of adding up to 12% microsilica on the
specific surface area, water demand, setting times,
and strength properties of the composite cementing

8000

slurries, consisting of Portland cement, microsilica,
and lime, was investigated.

The study of changes in the specific surface
area of the composite binders showed that with an
increase in the content of finely dispersed
microsilica up to 12%, the specific surface area
reaches up to 7600 cm?/g. The results of the specific
surface area changes of the composite cementing
compositions are shown in Fig. 1.
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Fig. 1. Dependence of the Specific Surface Area of Composite Cementing Materials on Microsilica
Content

The water demand of cement paste is the
amount of water required to obtain a paste of normal
consistency, i.e., the quantity of water that ensures
a specific consistency [6]. Laboratory studies
showed that with an increase in the microsilica
content in the composite cementing compositions,
the water demand rises from 25.0% to 37.0%. The
results of the study are shown in Figure 2.

The studies also demonstrated that due to the
high fineness of microsilica, more water is required
to wet its particles compared to the original Portland
cement. The average particle size of microsilica is
0.65—0.75 pum, which is significantly smaller than
the average cement particle size of 6.0 um.
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Fig. 2. Change in the Normal Consistency of Composite Cementing Materials with Microsilica Content

It is known that the setting times of cements
depend on the normal consistency, fineness of
grinding, and various additives. In this regard,
studies were conducted to investigate the effect of
microsilica content on the setting times of
composite cementing materials designed for
producing lightweight cementing slurries.
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To determine the setting times of the developed
composite cementing materials, a Vicat apparatus
was used [5-7]. The results of the setting time
measurements of the composite cementing
materials are shown in Figure 3. The study showed
that with an increase in microsilica content, both the
initial and final setting times of the slurry increase.
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Fig. 3. Dependence of the Setting Time Duration of Composite Cementing Materials on Microsilica
Content (I.S. — Initial Setting, F.S. — Final Setting)

It was established that with an increase in water presence of microsilica in the composite binder
demand and microsilica content, the hydration positively affects early strength development. The
process of the cementing material slows down, interaction of microsilica particles with hydration
thereby prolonging the setting time of the composite products of cement monominerals begins at the
cementing slurry. early stages of slurry hardening and continues up to

The study showed that the presence of 2—5% 28 days.
fine microsilica in the cement mixture leads to Conclusion. The compositions and physico-
densification of the transition zone structure by chemical properties of microsilica waste from AO
filling the voids. As a result, the crystal size “Uzmetkombinat” and M400DO Portland cement
decreases, which strengthens this weak zone of the from the “Kizilkumcement” plant were studied.
hardened cellular structure. This process promotes Based on the conducted research, it was determined
the recovery of self-released water, improves the that the introduction of microsilica into the cement
bonding between the cement matrix and the fine mixture and the production of low-density
filler, and facilitates the formation of a porous composite cementing slurries positively affect the
structure. The studies also demonstrated that the physico-chemical and physico-mechanical
pozzolanic reactions of fine microsilica, as a properties of both the composite paste and the bulk
chemical factor, further enhance the strength and density of the materials based on it. This allows for
durability of composite cementing materials. the improvement of cementing material

Examination of the hardening process of characteristics used for reinforcing the walls of oil
composite cementing materials showed that the and gas wellbores.
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