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EXPERIMENTAL STUDY OF VISCOSITY PROPERTIES
OF EMULSION SYSTEM WITH S10, NANOPARTICLE

EXTENDED ABSTRACT:

When oil production is increasing due to intensive oilfield development
methods supporting seam pressure by water injection oil producers face the prob-
lem of displacement agent break in more permeable intervals of petroleum res-
ervoir. That leads to dramatic increase of product inundation for well stock and
decrease of economic efficiency for well performance.

Nowadays the petroleum engineers have proposed more than 100 technolo-
gies designed to restrict water inflows and flooding agent to bottom-hole zone
of the production wells. The water inflows restriction technologies are distin-
guished by the type of applied chemical compositions and the way how the chemi-
cal compositions are delivered to bottom-hole zone. The analysis of the currently
applied chemical compositions has allowed authors to reveal the common fea-
ture. The common feature is that the currently applied chemical compositions are
non-selective and they produce isolating or blocking effect onto water-saturated
and oil-saturated zones of the petroleum reservoir. The application of the non-
selective high-stability chemical compositions leads to uncontrolled colmatation
of all treated intervals and makes it difficult to involve them into filtration pro-
cess in future.

This work presents the technology for the selective reservoir stimulation
based on emulsion systems with Si0, nanoparticles content and gelling acid com-
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position. The technology was developed for complex impact on formation system,
that achieved by blocking water-saturated intervals of reservoir and stimulation
of less permeable oil-saturated intervals of reservoir. The paper shows the results
of complex laboratory experiments to study viscosity parameters of emulsion sys-
tems with SiO, nanoparticles content. The results of the experiments revealed
the ability of the SiO, nanoparticles to rise dynamic viscosity of the different
type of emulsion systems: oil in water and water in oil. Test for thermostability
of the modified emulsion systems showed stability of the systems under 80°C. In
addition, the modified emulsion systems kept the ability to decrease significantly
viscosity in the reaction with hydrocarbons, i.e. the emulsion systems with SiO,
nanoparticles are selective compositions for the water-inflows restriction.

Key words: nanoparticles; emulsion systems; viscosity properties; reservoir
stimulation; bottom-hole zone; selective treatment.
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he most part of the oil-gas fields in Russia are developed by means

of artificial waterflooding of reservoirs. During the oil and gas re-

covery process in the filtration channels moving part of hydrocarbons is

gradually substituted for displacement agent. The application of the main-

tenance of reservoir pressure system allows producers of oil-gas fields to
keep the production rate on the high level [1].

Despite the obvious advantages of the maintenance reservoir pressure

system in the most cases the decreasing of the nonaqueous production pe-
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riod takes place. When the break of injection fluid in highly-permeable in-
tervals of reservoir occurs, water-cut of well stock reaches 90 and more
percents. Thus further oil extraction in water-cut wells becomes non-prof-
itable [1-3].

The currently applied oil-gas fields development systems make it pos-
sible to recover a small part of the reverable resources. Average amount of
discovered reserves that remains unextracted is from 55 to 80% [1-4].

In this circumstances, it is necessary to apply the technologies, which
allows increase oil resource recovery factor. This type of technologies in-
cludes the method for selective reservoir treatment. These technologies
treat the oil-saturated zones with active compositions after the water-sat-
urated zones treatment by the selective water-blocking solution [5, 6].

The experience of selective reservoir treatment technology application
in the carbonate reservoirs of Pashninsky oilfield

The technology is the combination of two different types of treatments
with different impact onto bottom-hole zone (BHZ) [7—9]. The combina-
tion leads to the synergetic effect. The impact onto formation system is
performed in two steps: the first step — highly-permeably water-saturated
zones treatment by the emulsion system (ES), the second step — low-perme-
able zones treatment by acid composition.

Application of the emulsion systems to restrict the water-break-
throughs from high-permeable zones leads to the block of the water-satu-
rated zones.

Capability of the emulsion systems to decrease viscosity under reac-
tion with hydrocarbons prevents from the colmatation of the middle- and
low-permeable oil saturated zones. These actions provide further selective
impact by acid composition onto oil-saturated zones.

Basing on the results of 6 months monitoring of the wells, which
were treated by the selective technology, it was determined that the av-
erage positive effect equals to 4 months [9]. After this period the water-
cut index rises to the initial treatment level. In this regard, to improve
the water-blocking solution properties a series of the laboratory experi-
ments for the enhancement of the stability and viscosity properties was
performed.
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Laboratory studies of viscosity properties of emulsion systems
with Si0, nanoparticles

The application of nanoparticles in the area of development of oil and
gas fields became popular in early 2000s. Today we know a large number of
nanoparticle types and the methods tor apply them to create the modified
systems with new physicochemical properties [10—17].

The main idea of the laboratory research was to develop emulsion sys-
tems with high stability physicochemical properties. The experiments were
carried out with two types of emulsions: oil in water (O/W) and water in oil
(W/0).

Laboratory experiments that studied the emulsion systems viscosity
properties were carried out by using rotational viscosimeter DV-E VIS-
COMETER «BROOKFIELD».

Before emulsion systems viscosity parameters were measured, the
components of the basic emulsion (diesel fuel, emulsifier and model of res-
ervoir water with density 1020 kg/m?) had been mixed in the device «CAT
R50 D» for 15 min.

To determine the emulsion viscosity dynamics and viscosity dependence
from the water content NaCl and CaCl, taken in volume: 5...80% mas under
temperature 20°C were added into the samples of emulsion (Fig. 1).
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Fig. 1. Dynamic viscosity curves for the basic samples of the O/W and W /0O emulsions
on the reservoir water content (spindle speed 30 rpm.)
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When the measurement of base samples was fulfilled, the experiments
toidentify O/W and W /O emulsions dynamic viscosity dependence on mass
fraction of SiO, nanoparticles content, determination of the optimal con-
centration of the additives and thermostability of the modified emulsion
systems were performed.

At the first step of the experiments experimental samples with 0.5, 1
and 2% mass fraction of SiO, nanoparticles were prepared. After that, the
reservoir water was added (5...30% mass) in each sample of emulsions and
mixed on stirrer «CAT R50 D» due 20 min. Then the dynamic viscosity pa-
rameters were measured on the rotational viscometer. Experiments were
carried out at 20 .

Same measurements were carried out for the modified emulsion sys-
tems with SiO, nanoparticles content (O/W and W /O types). The character-
istic curves are presented in figures 2 and 3.
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Fig. 2. Dynamic viscosity curves for the O/W emulsions + SiO, nanoparticles
on the reservoir water content (spindle speed 30 rpm.)
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Fig. 3. Dynamic viscosity curves for the W /0 emulsions + Si0, nanoparticles
on the reservoir water content (spindle speed 30 rpm.)

The type of the emulsion system is chosen in dependence on the wetabil-
ity of rock. In case of the hydrophilic rocks O/W emulsion system with SiO,
nanoparticles was applied. In case of the hydrophobic rocks W/O emulsion
system with SiO, nanoparticles was applied.

The revealed dependences make it possible to conclude that the pres-
ence of the SiO, nanoparticles (2% mass) in emulsion systems leads to in-
creasing dynamic viscosity up to 6000 mPa's by mixing with 30% mass
fraction of reservoir water (Fig. 4).

The thermostability experiments were carried out by using water
bath «LOIP LB-161». Analysis of experimental results made it possible
to determine that the sample of W/O + SiO, nanoparticles (15% mass res-
ervoir water content) were stable at 80°C for 48 hours (the period of the
experiment).
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Fig. 4. Dependence of the dynamic viscosity of emulsion systems with 30% mass
reservoir water on Si0, nanoparticles content (spindle speed 30 rpm.)

Studying the emulsion systems with Si0, nanoparticles content ability
to decrease viscosity properties in reaction with hydrocarbons

Hydrocarbons are hydrophobic compounds which are incompatible
with water. However, the ability of hydrocarbons to diffuse to the center
of the micelles has an influence on their shape, size, and consequently on
the rheological properties[18, 19].

For the experiments the samples with 2% mass fraction of nanoparti-
cles were chosen. In these samples different amount of the reservoir water
were added: 5...30% mass respectively.

Alternately the samples were mixed with crude oil (viscosity 22 mPa - s,
density 866 kg/m3)in the test glass at a ratio of 50 ml emulsion and 20 ml of
oil. The samples were shaken for 20 seconds. After that, the samples were
held in water bath at 40°C for 1 hour. After thermostability tests the gravi-
tational segregation of the emulsion system were observed in two phase:
hydrocarbon and water phases. After that the viscosity parameters were
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measured on a rotational viscometer at a spindle speed of 30 rpm/min. The
results for the W /O system are presented at figure 5.

The results of the experiments identified that the emulsion systems
with SiO, nanoparticles content possess high sensitivity to hydrocarbons.
Reaction with oil leads to significant reduction of viscosity: maximum —
6040 to 80 mPa * s and minimum — 3150 up to 40 mPa - s.

At the last stage of the experiments the each sample after reaction
with oil was filtered through a sieve (cell size 500 micron). Precipitation
and high viscosity individual clumps were not observed. We can make an
assumption that these changes in viscosity parameters were result of hy-
drocarbon micelles solubilizing.

The results of the carried out complex of the rheological experiments
confirmed the abilities of the emulsion systems with SiO, nanoparticles
content increase stability, dynamic viscosity with the reaction with water
and significantly decrease viscosity properties and decompose due the re-
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Fig. 5. Dynamic viscosity of the W /O system + 2% SiO, nanoparticles before
and after reaction with the hydrocarbons
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action with hydrocarbons. These are important properties if we are talk-
ing about the application of the emulsion systems to improve oil recovery
methods. The new limits of the emulsions physicochemical properties pro-
vides opportunity for selective treatment of the water-saturated inter-
vals in petroleum reservoir. The selectivity is one of the main advantage
of the emulsion systems compared to other currently used water-blocking
solutions.
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IKCNEPUMEHTANbHOE UCCNEQOBAHUE BA3KOCTHbIX CBONCTB
IMVIIbCUOHHbIX GUCTEM G COQEPXAHUEM HAHOYACTHUL SIO,

AHHOTAHI/IH K CTATBHE (ABTOPCKOE PE3IOME, PE®EPAT):

IIpu HapamuBaHUU 00'HEMOB TO0BIYM He()TH B YCIOBHAX NMPHUMEHEHUS HMH-
TEHCHUBHBIX CHCTE€M Pa3padoTKM C MPpMMEeHEeHUEeM MOAIepP:KaHUusd IJIACTOBOTO TaB-
JIeHU S 3aKaYKOi BOJBI B IJIACTHI HEIPOMOJb30BATEIU CTAJIKABAIOTCA C IIPOOJIEeMO
IMPOPHIBA BBHITECHAIOINIETO areHTa 10 0oJiee MPOHUIIAeMbIM MHTEPBAJIAM ILIACTOB,
YTO MPUBOJINUT K PE3KOMY 00BOTHEHHUIO MPOAYKIINH TO0ObIBaonero oHIa CKBaKnH
¥ CHUSKE€HHIO 9KOHOMMYECKOH 3(h(PeKTMBHOCTH KCILIyaTaIllMi CKBAKHH.

B HacToAIIEee BpeMa cnenuaJ IucTaMi OTPACJIH MPeIJIoKeHbI 60Iee COTHH TeX-
HOJIOTUI OTPAaHNYEHU S MPUTOKOB ILJIACTOBHIX BOJ M BHITECHSIIOIIET0 areHTa K 3200-
SIM TOOBIBAIONIUX CKBAKUH. TeXHOJIOTUN OTpaHUUYEHU A BOJOIPUTOKOB Pa3INYAIOT-
€S 10 BUAY IPMMEHAEeMbIX XUMHUYECKUX COCTABOB 1 CIIOCO0AM X JOCTABKH B ILJIACT.
IIpu 5TOM aHAIN3 XUMHYECKHX COCTABOB, IPMMEHAEMBIX /I OTPAHNYEHU S BOIO-
NMIPUTOKOB, TO3BOJINJI BEIABUTH OOIIYI0 0COOEHHOCTh. ITa 0COOEHHOCTH 3aKJII0YaeT-
cA B TOM, YTO NMPUMEHSIEeMble XHMHUYECKHE COCTABBI ABJIAIOTCA HeCeJIeKTHBHBIMH
¥ OKAa3BIBAIOT M30JIMPYIONIEee I OJOKHPYIOIIee TeiCTBUE KaK Ha BOJOHACHIIIEH-
HbIe, TAK U HA He(DTeHaCBINeHHbIe HHTEePBAJIbI IJIacTOB. [IpyMeHeHue HeceJIeKTUB-
HBIX BBICOKOCTA0MJIBHBIX XUMUYECKUX COCTABOB MMPHUBOIUT K HEKOHTPOJIUPYEMOM
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KOJBMATAIlMM BCeX 00padaThIBA€MbIX MHTEPBAJIOB M JOMOJHHUTEJIHHBIM TPYIHO-
CTSIM BOBJIEUEHHUSA 00Pa00TAaHHBIX HHTEPBAJIOB B IIpoIecc (PUIBTPAIUN.

B craThe nmpeacTaBieHa TEXHOJOTUA HHTEHCU(PUKAIUY JOOBIYM He()TH C IIPHU-
MeHEeHHMeM 3MYJbCHOHHBIX cHcTeM ¢ HaHodactumamu SiO, W 3arymeHHBIX KHC-
JIOTHBIX cOCTaBOB. TexHoJiorua pazpadoTraHa Ojs CeJIeKTHUBHOTO BO3AEHCTBUA HA
npu3aboiinyio 30Hy miaacrta (II3II), koropoe o6ecneuynBaeTcs GJIOKMPOBKOI BOIO-
HACBINIEHHBIX MHTEPBAJIOB M CTUMYJISAIAEN MeHee IPOHUIaeMbIX He()TeHaChIIeH-
HbIX nHTEepBagoB B II3II. IIpeacraBiienspl pe3yabTaThl KOMILIEKCA JJa00OPaATOPHBIX
SKCIIEPMMEHTOB II0 MCCJIEOBAHHMIO BASKOCTHBIX CBOMCTB 3MYJbCHOHHBIX CHCTEM
c conep:kannem HaHodacTull Si0,. ITo pesyabraTam 1a00paTOPHBIX HCCIEA0OBAHMIA
BBIfAIBJIEHA CIIOCOOHOCTh HaHOYacTUL Si0, yBeInYnBaTh TUHAMUYECKYI0 BA3KOCTH
dMYJIbCHOHHBIX CHCTEM IIPSIMOTO M 00paTHOTO TUIA. TecThl HA TEPMOCTAOUIBHOCTH
MOAM(UIMPOBAHHBIX 9MYJIbCHOHHBIX CHCTEM ITOKA3aJIM YCTOMUYNBOCTh CUCTEM IIPH
temmnepatype 80°C. Ilpu sTom moguduuupoBanHbie HaHOYacTUIAMK Si0, aMyJIb-
CHOHHBIE CHCTEMbI COXPAHUJIHN CIIOCOOHOCTHh K 3HAUNTEJIHbHOMY CHUKEHUIO BA3KO-
CTH NIIPU PEeaKIUMu C YIJIeBOAOPOIAMH, T.e. ABJISIOTCA CEJEKTHUBHBIMU COCTaBAMM
IJIs1 OTPAHUYEHU S BOAOIIPUTOKOB.

KaroueBbie croBa: HaHOUACTUIIBI, 9MYJIbCUOHHBIN COCTAB, MHTEHCU(MDUKAIUA
no0bIuy HeTH, Ipu3aboiftHasa 30HA IIJIacTa, CeJIeKTUBHAaA 00paboTKa.
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OJIBIIIAasI YacTh He(dpTeraszoBbIX MecTOpPO:KIeHU P®P paspabarsi-

BaeTCs C NPUMEHeHHeM CHCTEeM MKCKYCCTBEHHOTO 3aBOJHEHUS
MIPOAYKTUBHBIX IIJIaCTOB. B mpoliecce BBIpabOTKU HedTerasoBOro MeCTO-
POKAEeHUS B KaHaJax (UIbLTPAIMU HPOUCXOIUT IIOCTEelleHHas 3aMeHa
MMOBUKHOM YacTU yIJIEBOAOPOJAOB Ha BLITECHAIONINH areHT. [IpuMeHeHMe
CHUCTEeM WCKYCCTBEHHOTO 3aBOJHEHUS IIO3BOJISIET HEIPONO0Jb30BATEIAM
MO e PIKUBATh BHICOKIE TEMIILI 0TOOPA KUAKOCTUA M3 MPOAYKTUBHOTO T'O-
pusonra [1].

HecmoTpsa Ha oueBHIHBIE IIPEMMYIIECTBA MPUMEHEHUSA CUCTEM 3aBO-
MTHEHUS I YBeJINUeHUA IIOJTHOTHI U3BJIeUeHU He(pTu B OOJIBIITNHCTBE CJIy-
yaeB IIPOUCXOIUT COKpAaIlleHne Imepuoa 6€3BOJHOM SKCILIyaTAIluU 3aJI€IKU.
IIpu mpopbIiBe HAaTHETAaeMOT'O areHTa II0 BLICOKOIIPOHUIIAEMbIM MHTEPBAJIaM
IIJIACTOB OOBONHEHHOCTH JOOBIBaIOIero (poHIa ckBakuH gocturaer 90 u 6o-
Jiee IIPOIIEHTOB, IIPU STOM OajbHelInas moObIua He)TH M3 OOBOSHEHHBIX
CKBasK1H CTAaHOBUTCA HepeHTabeabHOM [1...3].

IIpumeHsaemMble cUCTEMBI Pa3pabOTKU HEPTIHBIX MECTOPOKIECHUUN II0-
3BOJISIOT AOOBLITH JIWIIL YaCTh OT M3BJIEKAE€MbBIX 3aIlacoB YIJIEBOJOPOIOB.
B cpenuem ot 55 mo 80% oT pasBegaHHBIX 3aIacoB He(PTU OCTAIOTCA HEU3-
BiIeueHHBIMU [1...4].

B sTux ycaoBuax HeoO6X0AMMO IPpUMeHeHNe TeXHOJIOTUHN, KOTOPHIE CIIO-
COOHBI TTOBBLICUTH IIOJTHOTY BBIPAOOTKM 3aIlacoB yIJIeBOAOpPoaoB. K Takum
TEeXHOJIOTUAM OTHOCSTCS CIIOCOOBI BO3eHICTBUS HA IIJIACTOBYIO CCTEMY, II0-
3BOJISIOIE CeJIEKTUBHO BO3IEMCTBOBATD Ha CPelHe- U HU3KOIPOHUIIAEeMbIe
MHTEPBAaJIbl IIJIaCTOB, IIPEeIBAPUTEIbHO OTPAHUYUB ABUKEHMNE BOABI IO BBI-
COKONPOHUITaeMbIM WHTEPBAJaM U HPEJOTBPATUB IPOPBIBEI HarHETaeMbIX
areHTOB K MOOBIBAIOIINM CKBasKHaM [5, 6].

OnbIT NnpumeHeHns cenekTusHoi TexHonorun ULH B kap6oHaTHDLIX
nnactax lawHNHCKOro MecTopoXaeHuns

TexHoJIOTHA 3aKJOUYaeTCsd B KOMOMHMPOBAHUM JBYX CIIOCOOOB pas-
anuyHoro Bmuaa obpabotokr II3II [7..9]. KomOuHMpOBaHUE NMPUBOAUT K
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MMOJYUeHUI0 CUHepreTmdyeckoro addexra. BosgeiicTBue Ha NJIacTOBYIO
CHUCTEMY IIPOM3BOAUTCSA IIO3TANHO: MEPBBIN dTanm — 00paboTKa BBICOKO-
npoHuiiaembix naTepBajyoB II3II amynscumonHno#t cucrtemoii (IC), BTOpoit
aTal — BO3IelcTBHE KUCJIOTHBIM COCTABOM Ha HU3KOIPOHUIIAEMbIE WH-
repBaJb 11311 [3].

IIpumenenue IC naa orpaHUYEHUS BOJOIPUTOKOB M3 BBICOKOIIPO-
HuaeMblx yyacTKoB II3II o6ecnmeunBaeT GJIOKMPOBKY BOJOHACBIIIIEHHBIX
naTepBasoB. CrmocobHOCT, IC CHUMKATHL BA3KOCTH IIPH B3aMMOJIEHCTBUU
C yIJIeBOJIOPOAHOU (hadoil mpemoTBpaImiaeT KoJbMaTal[uio CpeaHe- M HU3-
KON POHUIaeMbIX He()TeHACHIIIIEHHBIX NHTEPBAJIOB U 00eCcIIeunBaeT IIocJie-
nyroriee 3)PeKTUBHOE CEeJJeKTUBHOE BO3eCTBUE HA HUX KUCJIOTHBIMU CO-
cTaBaMMU.

ITo pesyabTaTamM MOHUTOPUHIa PaboOThI JOOBIBalOIUX cKBaskuH Ilar-
HUHCKOTO0 He(hTeTra30KOHAeHCATHOTO MECTOPOKAEHU A, 00paboTaHHBIX II0 ce-
aexTtuBHOM TexHosoruu U H, ycraHOBIEHO, UTO OJTOKUTEIbHBIN TEXHOJIO-
rudyecKuit apPeKT nHTeHCu(PUKaAIuy 10064 He(DTH B CPeJHEM COCTABJISAET
4 mec [9]. Ilo mpormtecTBuu 4 Mec. 00BOTHEHHOCTh CKBaKMH CHOBA Bo3pacTa-
Jia IO TIPEeKHEro YPOBHA. B CBA3M ¢ 9TUM /1 YCOBEPIIIEHCTBOBAHUS TEXHO-
goruu UITH Obl1u mpoBeeHbI 9KCIEPUMEHTHI 110 YBEJINUYEHUIO CTA0UIBHO-
cTH (pUBUKO-XUMUUYECKUX CBOMCTB BOJOM30JIMPYIOIIEr0 COCTaBa.

JNla6opatopHbie uccneaoBaHns BA3KOCTHbIX ¢BOWCTB IC
C coaepxaxuem HaHouacTuy Si0,

IIpuMmeHeHMe HaHOUYACTHUIL B 00JacTH Pas3pabOTKM He(dTerasoBLIX Me-
CTOPOXKAEHUN Hadayio HabupaTh momyJsapHocTh ¢ Hauasga 2000-bIX romos.
Ha cerogHAIIHUN AeHb U3BECTHO 0OJIBIIIOE KOJMYECTBO BUAOB HAHOUACTUIL
1 CIIOCOOOB MX IIPUMEHEHUA A CO3TAaHUSI MOAU(PUIIMPOBAHHBLIX CHUCTEM
¢ HOBBIMU (pUBUKO-XuMuueckumu cBoiicrsamu [10...17].

C mespio paspaboTKu BbICOKOCTabmiIbHOro IC mIpoBemeHsl JJabopaTop-
Hble 9KCIIEPUMEHTHI 110 MCCJIEeJOBAHUIO BSABKOCTHBIX CBOMCTB ABYX THUIIOB
®MYJIbCUOHHBIX CUCTeM (IIPAMOI 1 00paTHO) ¢ fobaBKamu HaHOUacTu, Si0,
U OIIPeIeJIEHUI0 TeEPMOCTa0MIbHOCTY Pa3paboTaHHBIX COCTABOB.

JlaGopaTopHbIe SKCIEePUMEHTHI 110 MCCJIEJOBAHUI0 TUHAMUKU BA3KOCT-
HBIX cBoiicTB IC mpAMOTro 1 00paTHOTO THUIIA IPOBOAUINCE Ha mpubdope DV-E
VISCOMETER «BROOKFIELD».

1 O[]
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Ilepen mpoBemeHHEM SKCIEPUMEHTOB IIO MCCIEJOBAHNIO BA3KOCTHBIX
cBoticTB IC ¢ momoirpio yerpoiictea « CAT R50 D» B Teuernue 15 Mmus npoBo-
IIJIOCH CMeIlleHe KOMIIOHEHTOB, COCTaBIAIONINX 00pasiibl 6a30BbIX IC: qu1-
3eJIbHOEe TOILIMBO, 9MYJIbIaTOP U MOJEJb ILIAacTOBOM BoAkI (pacTBopsl CaCl,,
NaCl miorHocTsio He Bhimte 1020 kr/m?).

C mespio onpene/ieHNUSI JUHAMUKY BA3KOCTU 0a30BBIX JC mIpPsAMOTo 1 00-
PaTHOTO TUIIA IIPH CMEIIIeHNH C MOAEeJIbIO IIJIACTOBOM BOABLI IPOU3BOAUIN J0-
0aBKU pacTBopa XJOpHuAa Kaablusa miaorHocThbio 1020 Kr/m3 B 6a3oBbie 00-
pas1isl B oobemax: 5...30 macc. % mpu 20°C (puc. 1).

ITocse onpeneneHusa Ba3KoCcTU 6a30BbIX 00pas31i0B IC ObLIN IIPOBEAEHEI
9KCIIEPUMEHTEI II0 OIIPeJeIeHNI0 3aBUCUMOCTH BA3KOoCcTH JC OT MaccoBOTO
comeps;kanua HaHOoYacTHUI SiO, ¥ BEIABICHNUIO ONTHMAILHON KOHIIEHTPAINI
HanogacTul SiO, B 9C nIpu cMeIeHnH COCTABOB C MOJEJIbIO IJIACTOBOM BOJbI
(pactBop CaCl,), a Taksxe TepMOCTAOMIBLHOCTH COCTABOB.

IJ1s1 9KCIIepuMEeHTOB OBLLIM IIOATOTOBJEHBI 12 OombITHBIX 00pasioB IC
IIPAMOI'0 ¥ 00PATHOrO TUIIOB ¢ Jo0aBKaMu HaHo4yacTull SiO, B KOJMYeCcTBaxX:
0,5; 1 u 2 macc.% . ITocse 9TOTO B KasKIbIM 13 OIIBITHBIX 00PA3I[0B ITPOU3BO-
IUIN DOOABKY MOJEJIH ILJIaCTOBOM BOABLI B o0beMax: 5...30 macc.% . 3aTem
COCTaBBI TINATEJbHO II€PEeMEIINBAINCh MATHUTHOM MeEIIAJKOII B TeueHUe
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[lo6aBka mogenu nnacToBoi Bogbl, % Macc.

Puc. 1. 3aBucuUMOCTH BA3KOCTH 0a30BBIX JC OT coep:kaHusI MO/IeIH IIJIACTOBOI BOBI
IPU CKOPOCTHU BpameHus mnuugeas 30 mun !
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20 MUH ¥ IPOM3BOAUIN U3MEPeHNe BA3KOCTH MOJYUYeHHBIX cocTaBoB. Mc-
cJeIoBaHUSA MIPOBOAUINCEH IIPpu TemuepaType 20°C.

Tumn sMyJIbCHMOHHOM CHUCTEMBI BBIOMPAJIN B 3aBICUMOCTU OT XapaKTepa
CMauYMBaeMOCTH I'OPHBIX IIOPOJ IPOAYKTUBHBIX NHTEPBAJIOB.

B cayuae rugpodpuabHOCTH TOPHBLIX HMOPOJ IPOAYKTHUBHOTO MHTEPBAJIA
MIPUMEHSJIN cocTaB MoaupurpoBanuaoro IC IpAMOro TUIIA ¢ CoAePKaHreM
Hanouactur, SiO,.

ITo pesysbTaTaM DPOBEAEHHBIX S9KCIEPUMEHTOB IMOCTPOEHEI 3aBUCUMO-
CTH IMHAMUKM BA3KocTH IC mpamoro tuma ¢ gobaskamu HanodacTur SiO,
IIPU CMEIIeHN ¢ MOJEeJIbIO ILJIACTOBOM BOALI (puc. 2).

B ciyuae mpenMyIiecTBEHHON TUAPOPOOHOCTY TOPHEIX IIOPOJ IPOAYK-
TUBHOTO MHTepPBaJja IIPUMEHAIN cocTaB MoguduimuposanHoro IC o0paTHOro
THUIIA C coJep KanneM HaHodacTu, Si0,.
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Puc. 2. 3aBucumoctb Baskocreid IC npsamoro tuna + Hanoyactuisl SiO,
OT COEePsKaHNA MOJEJIH ILJIaCTOBOI BOJBI IIPHU CKOPOCTH
Bpamenusa mnuageas 30 mun !
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Puc. 3. 3aBucumocTp Basxocred coctaBos IC oopaTHoro Tuna + Hanoyactuusl Si0,
OT COlePsKaHNA MOJEJIH IJIaCTOBOM BOJIBI IIPH CKOPOCTH
BpameHusa mnuageas 30 mun !

ITo pesyabTaTaM HPOBEAEHHBLIX SKCIEPUMEHTOB IIOCTPOEHBI rpaduKu
AuHaMUKHU BA3KocTu IC oOpaTHOro Tuma ¢ fobaskamu HaHoyacTull SiO, mpu
CMeIIIeHUU ¢ MOJEeJIbIO IIJIACTOBOM BOALI (puc. 3).

ITonryueHHBIE 3aBUCUMOCTHU IIO3BOJMJIN CAEJIATH BHIBO, UTO HAJIMYNE I0-
6aBxu ot 0,5 1o 2 macc. % Hanouactur SiO, B coctaBax 9C KaK IpAMOro, TaKk
1 00paTHOTO TUIIOB IPUBOAUT K yBeamdeHUio BsaskocTtu IC mo 6040 mIlac
mpu cmernernuu ¢ 30 macce. % Mozesu IJIacCTOBO# BOALI (puc. 4).

HccraemoBaHue TepMOCTAOMIBLHOCTHA CHCTEM IIPOM3BOLAUJIN B BOASIHOIM
o6ane «LOIP LB-161». B pesyabrare skcriepuMeHTOB ¢ coctaBamu IC + Ha-
Houactunnl Si0, ¢ nobaskamu pactsopa CaCl, — 15 macc. % Ha TepmocrTa-
OMJILHOCTH YCTAHOBJIEHO, YTO B MHTepBaje N00aBOK HaHodacTun Si0, or
0,5...2 macc. % cocTaBbl MPOABUIN CTAOUIBLHOCTEL IIPu Temieparype 80°C
U BBIZIeP:KKe B TeueHUe 48 4acos.
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6000 .

 ——— O [IpAmas
5500 -~

amynbcmna + Si02

== ObHpaTHan
5000 amynbcuma + Si02

4500 m—)

NuHammnyeckan BA3KOCTb, Mla-c

4000 T T T i

HaHouactuubl SiO2, % macc.

Puc. 4. 3aBucumocTts Baskocrei IC ¢ 30 mace. % Momeu IIacTOBOM BOIBI
oT coiepsxanusa HaHouacTull Si0, (ckopocTh Bpamenua mmunaeas 30 mua ')

UccnepoBaHne cnoco6HOCTM IMYNIbCUOHHBIX CUCTEM C COflepXKaHneMm
HaHo4acTul Si0, CHUXaTb BA3KOCTb NPU B3aMMOAEHCTBUM
C yrneBsoaopoaHoi cpepou

YTJIeBOIOPOABI ABISIOTCSA COEINHEHUIMU, He CMEIIINBAIOIIUMUCS C BO-
nmoii. OmHAKO CIIOCOOHOCTD YIJIeBOA0OPO0B NG YHIUPOBATD B AAPa MUIIEJLI
OKAa3bIBAET BJIUSHUE Ha UX (popMy, pasMep U, KakK CJIeACTBUE, Ha PeoJoTrnye-
CKUe cBoiicTBa pacTBOpoB [18, 19].

I 151 sKCIIEPUMEHTOB OBLIN BHIOPAHbBI COCTABhI C coZlep:KaHueM 2 macc. %
Ha"ovacTul Si0,, B KOTOpEIe IPOU3BOAWIN PA3JIUMYHEIE IO 00beMy J00aBKU
MO/JIeJIU IIJIaCTOBOI BOALI: 5...30 Mmacc. % . OKcIepuMeHThI IIPOBOAMIN CIELY-
OIIIM 00pas3oM.

IToouepenro mosryueHHBIEe 00pas3ibl JC ¢ pPas3IMYHBIM MAaCCOBBIM CO-
Iep:KaHueM MOJeJId IIJIaCTOBOM BOABI CMEIUBAJIU C He(PTHIO (BAZKOCTh —
22 mIla-c, maorHOCTh — 866 Kr/M?) B cooTHOoImeHnn 50 M pactBopa Ha 20 M
Hedpru. Cmech B Teuenue 20 cekyHI mepeMeluBaau. IlosyueHHYI0O Maccy
B TeueHHe 1 U BBIJAEP:KUBAJIU B BoAsgHOU Oame npu Temmeparype 40°C. Ilo-
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cJIe BBIZEP KK HAOI04aI0Ch (Da30oBOe paseieHre CIUCTeMbl Ha BePXHIO —
YTJIEBOJOPOAHYIO — M HMKHIOIO — BOAHYIO (padbl. ITocse sToro mpoBogUIN 13-
MepeHIe BI3KOCTH IIOJIYUeHHBIX 00pas3IioB Ha POTAI[MOHHOM BHCKO3MMETPe
IIpU CKOpocTH Bparienus mnuagenas 30 muna !, Pe3yIbTaTsl 9KCIIEPUMEHTOB
0 B3amMogelicTBuio HedTu ¢ MomuduimupoBaHHbIME JC oOpaTHOTO THUIA
rpaguuecKu ImpeacTaBIeHbl HA PUC. D.

ITo pesyabTaTaM SKCIEPUMEHTOB OIIpeAeeHa BLICOKAA UYyBCTBUTEJIb-
HOCTB cocTaBa IC + HanouacTunsl Si0, K yraesogopogam. Cmernenne ¢ Hed-
THI0O IIPUBOAUJIO K 3HAUUTEJbHOMY CHM)KEHHIO BSI3KOCTH: C MaKCHUMAJIb-
Horo 3HaueHus — 6040 go 80 mIla - c, MmurnuMaabHOTO 3HaUueHusa — 3150 mo
40 mIla-c.

Ha mocienmem sTamie sKCIIePUMEHTOB KasKIbIil 13 00pasi[oB, CMeIIIaH-
HBIX C He(dThI0, ObLI IIpomyIieH ueped cuto (pasmep sgueiiku 500 MKM).
Ha cure He Habaiomany 3aJepPKKH BLICOKOBA3KUX OCAAKOB M OTAEJbHBIX
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crycTkoB. CunTaeM, UTO TaKoe M3MeHeHNe BA3KOCTU 00YCJIOBJIEHO COJII00M-
Ju3anuen yriaeBoIopoa0B.

PesyabTaThl IpOBEeeHHBIX SKCIEPUMEHTOB MOATBEPAMUIN CIIOCOOHOCTD
®MYJIbCUOHHBIX CHCTEM, MOAM(PUIMPOBAHHBIX HaHouyacTunamu Si0O,, yBe-
JUUYNBATh CTOMKOCTh U AUHAMUUYECKYIO BA3KOCTH COCTAaBOB, a TAK)Ke 3HaAUM-
TeJIbHO CHUKATh BA3KOCTDL IPY B3aNMOAEMCTBUH C YIJIEBOJOPOIHOM Cpeoi,
YTO mMeeT 0OJIbIIIoe 3HaAUeHNe TP IPUMEHEeHN BOJIOU30JIUPYIOIINX COCTAa-
BOB B T€XHOJIOTUAX MHTeHCU(PUKAIIUYN JOOBIUYM He(pTH NN YBeJNUYEHU He-
(¢dreorgaunm maacrtoB. CIocOOHOCTL PACTBOPOB M30UMPATEILHO OJIOKHMPOBATH
BOJIOHACHIII[EHHbIe MHTEPBAaJIbl ILJIACTA SBJISIETCS TIJIaBHON OCOOEHHOCTBIO
¥ IPEeMYIIeCTBOM COCTABOB HA OCHOBE SMYJILCUI.

Bubnuozpaguueckuil cnucok:

1. vauyx H.A. PazpaboTKa 3aBOJHEHHBIX He(DTAHBIX IIJIACTOB HA 3aBEPHIAOIIINIX CTA-
nmuax: mouorpadpua / U.A. [[vauyk, F0.B. 3eiirman. — Kasanb: UsnarennscTso ILy-
ToH, 2015. — 274 c.

2. Bompocsl 3pPeKTUBHOCTH Pas3pabOTKU HU3KOIPOAYKTHUBHBIX KapOOHATHBIX KOJI-
JeKTopoB Ha mnpuMepe TypHeilickoro dApyca TyiMasmHCKOTO MeCTOPOKIeHUudA /
P.®. dxynos, B.III. Myxamermiun // Hedranoe xozaiictBo. — 2013. — Ne 12, —
C.106-110.

3. Kinaccupuranusa GuUNKO-XUMHUUECKNX METOJ0B NHTEHCU(MPUKAIIN SOOBIYN HedpTu
10 MeXaHU3My BO3JelicTBUA Ha miacTtoByio cuctemy / FO.B. 3eiirman, B.B. Cep-
reeB, P.P. AronoB // I'eosmorusi, reopusuka u paspaboTka He()TAHBIX U I'a30BBIX
mectoposkgenuii. — 2017. — Ne 1. — C. 50-53.

4. GazizovA.Sh.,Gazizov A.A., Kabirov M.M. et al. Intensification of oil production in
abnormal operating conditions . Kazan: Center of Innovative technologies. 2008.
304 p.

5. O9PPeKTUBHOCTh KOMILIEKCa TexXHoJoruil crumyasanuu ckBaskuH B OAO «Tar-
HedTh» / H.I'. U6parumos, M.X. MycabupoB, A.®. fdprues // Hedpranoe xo3saii-
ctBO. — 2014. — Ne 7. — C. 43-52.

6. Xie, X.,, W.W,, Tong, Z. dJ., & Morrow, N. R. (2005, September 1). Improved Oil
Recovery from Carbonate Reservoirs by Chemical Stimulation. Society of
Petroleum Engineers. doi:10.2118/89424-PA.

e 30
http://nanobuild.ru info@nanobuild.ru



2017 - Vol.9 - no.2 /2017 - Tom9 - N2 Nanobm

PE3V/IbTATbI HCCJIEQOBAHNI YYEHBIX H CEYHAJTUCTOB

7. Ananus 3(pPEeKTUBHOCTH IPUMEHEHHUS TEXHOJOTMM HHTeHCU(PUKAINN TOOLIUN
He(pTH Ha 3aBepIIaloNleil cTaguy pPaspadboTKu He(dTerasoBLIX MECTOPOMKIECHUI /
I0.B. 3eiirman, B.B. Cepree, ®@.C. KunsabaeB // HedTempombicaoBOE AEJI0. —
2017.-Ne1. - C. 32-36.

8. Cepeees B.B. Cmoco6 obpaborku npusaboitHoit 30HbI macrta // Ilateur P®
Ne 2583104. zasasa. 17.12.2014, ony6s1. 10.05.2016. Bro. Nel13.

9. 38eiteman FO.B., Cepzees B.B. OUBITHO-IPOMBIIIIJIEHHOE BHeIPEHNE KOMILIEKCHON
TeXHOJOTUMN MHTeHCU(PUKAIUN HOObIYM He(dTH M3 KapOOHATHBIX KOJLIEKTOPOB //
HedrenpomricioBoe peso. — 2015. — Ne 8. — C. 32—-37.

10. XueZ., Foster E.,WangY.etal.2014. Effect of Grafted Copolymer Composition on
Iron Oxide Nanoparticle Stability and Transport in Porous Media at High Salinity.
Energy Fuels 28 (6): 3655—3665. http://dx.doi.org/10.1021/ef500340h.

11. Yoon K.Y., Kotsmar C., Ingram D.R. et al. 2011. Stabilization of Superparamag-
netic Iron Oxide Nanoclusters in Concentrated Brine With Cross-Linked Polymer
Shells. Langmuir 27 (17): 10962-10969. http://dx.doi.org/10.1021/1a2006327.

12. Yoon K.Y., Li Z., Neilson B.M. et al. 2012. Effect of Adsorbed Amphiphilic Copo-
lymers on the Interfacial Activity of Superparamagnetic Nanoclusters and the
Emulsification of Oil in Water. Macromolecules 45 (12): 5157-5166. http://
dx.doi.org/10.1021/ma202511b.

13. WorthenA., Taghavy A.,AroonsriA. et al. 2015. Multi-Scale Evaluation of Nanopar-
ticle-Stabilized CO,-in-Water Foams: From the Benchtop to the Field. Presented at
the SPE Annual Technical Conference and Exhibition, Houston, 28—30 Septem-
ber. SPE-175065-MS. http://dx.doi.org/10.2118/175065-MS.

14. Ko S., Prigiobbe V., Huh C. et al. 2014. Accelerated Oil Droplet Separation From
Produced Water Using Magnetic Nanoparticles. Presented at the SPE Annual
Technical Conference and Exhibition, Amsterdam, 27—29 October. SPE-170828-
MS. http://dx.doi.org/10.2118/170828-MS.

15. Denney D. (2011, January 1). Nanosized Particles for Enhanced Oil Recovery. So-
ciety of Petroleum Engineers. doi:10.2118/0111-0054-JPT.

16. Torsater O., Engeset B., Hendraningrat L., & Suwarno S. (2012, January 1). Im-
proved Oil Recovery by Nanofluids Flooding: An Experimental Study. Society of
Petroleum Engineers. doi:10.2118/163335-MS.

17. Alomair O.A., Matar K.M., & Alsaeed Y.H. (2014, October 14). Nanofluids Application
for Heavy Oil Recovery. Society of Petroleum Engineers. doi:10.2118/171539-MS.

18. Shokrlu Y.H., & Babadagli T. (2011, January 1). Transportation and Interaction
of Nano and Micro Size Metal Particles Injected to Improve Thermal Recovery of
Heavy-Oil. Society of Petroleum Engineers. doi:10.2118/146661-MS.

5/
http://nanobuild.ru info@nanobuild.ru



19.

20.

21.

2017 - Vol.9 - no.2/2017 - Tom9 - N22 Nanobwﬁ&;

PE3V/IbTATbI HCCJIEQOBAHNI YYEHBIX H CEYHAJTUCTOB

Mecelfresh P.M., Holcomb D.L., & Ector D.(2012, January 1). Application of Nano-
fluid Technology to Improve Recovery in Oil and Gas Wells. Society of Petroleum
Engineers. doi:10.2118/154827-MS.

Shibaev A.V. How a viscoelastic solution of wormlike micelles transforms into a mi-
croemulsion upon absorption of hydrocarbon: New insight [Text]. A.V. Shibaev,
M.V. Tamm, V.S. Molchanov, A.V. Rogachev, A.I. Kuklin, E.E. Dormidontova,
O.E. Philippova. Langmuir. 2014.V. 30. No 13. P. 3705-3714.

Pletneva V.A. Viscoelasticity of Smart Fluids Based on Wormlike Surfactant Mi-
celles and Oppositely Charged Magnetic Particles. V.A. Pletneva, V.S. Molchanov,
O.E. Philippova [Text] . Langmuir. 2015. V. 31 (1). P. 110-119.

¥ BASKAEMBIE KOJIJIETH!
TIPu NCIIOJIP30BAHHUHT MATEPHUAJIA JIAHHOPT CTATHBH
IIPOCUM OEJATH BUBJJUOTPAOPUYECKYIO CCBIJIKY HA HEE:

3eiieman 10.B., Myxamemwun B.III., Cepzees B.B., Kunsataes @.C. OxcriepuMeH-
TaJbHOE MCCJIef0BaHVe BABKOCTHBIX CBOMCTB AMYJIbCUOHHBIX CUCTEM C COJlePIKaAHM-
em Hanouactur Si0O, // Hanorexnosoruu B crpouresnbeTse. — 2017. — Tom 9, Ne 2. —
C. 16-38. — DOI: dx.doi.org/10.15828/2075-8545-2017-9-2-16-38.

DEAR COLLEAGUES!
THE REFERENCE TO THIS PAPER HAS THE FOLLOWING CITATION FORMAT:

Zeigman Y.V., Mukhametshin V.Sh., Sergeev V.V., Kinzyabaev F.S. Experimental
study of viscosity properties of emulsion system with SiO, nanoparticles. Nano-
tehnologii v stroitel’stve = Nanotechnologies in Construction. 2017, Vol. 9, no. 2,

pp. 16—38. DOI: dx.doi.org/10.15828/2075-8545-2017-9-2-16-38.

K Tea.: +7 (916) 420-99-70
onmaicmnau. E-mail: vsmyn23@gmail.com
unpopmayus: Ceprees Buraauii BaueciaBosuu
38 mm
http://nanobuild.ru info@nanobuild.ru

@



