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Purpose: The aim of this article is investigation of the precipitation process when diluting silicate solution
with salt water. The precipitation process changes have been analyzed with pH value increasing of the initial
silicate-alkali mixture. Methods: Methods of direct and reverse titration were used for the determination of
silicate relative concentration in the supernatant liquid. pH metrics was used for determination pH value
change of silicate-alkali mixtures during experiment performance. Results: the precipitation process
proceeds more intensively when ratio of silicate and salt water is 40 + 60, the precipitate amount
consistently decreases with pH value increase in initial mixture in the result of mixing with salt water,
necessary residue concentration of silicate in a solution should be 1.5-2 mass % for a gel formation process;
the most significant changes of mixture pH values occurs when salt water content is above 50 %.
Discussion: It is necessary to determine silicate concentration in the supernatant liquid (filtrate) for the
determination minimal silicate concentration necessary for gel formation when mixing silicate mixtures with
salt water. It was determined that silicate amount in the supernatant liquid increases for all ratios of silicate
and salt water with pH value increase in the initial mixture, besides it is necessary to increase part of salt
water in a mixture with pH value increase for obtaining the same concentration of silicate in the supernatant
liquid. It was found, that gel formation (for a mixture with initial pH = 11.72) occurred at silicate residue
concentration in the solution equal to 0.25-0.3 from the initial one. Thus, it was found that minimal silicate
concentration in a solution may be 1.5-2.0 mass %.

Keywords: concentration; filtrate; gel formation; pH value; precipitation; silicate-alkali mixture

1. Introduction to deterioration of technical and economic
characteristics of reservoir production and decrease

The development of oil production at various oil
reservoirs, including those placed on the bottom of
the world's ocean, is associated with the need for
further involvement acceleration into additional
production from hard extracted oil reserves at a late
exploitation stage. Waterflooding is one of the main
methods of increasing production from oil
reservoirs [1-3]. In this case efficiency of oil
production depends primarily on the completeness
of the formation's coverage and the impact of
injected water. The presence of highpermeable
layers in the productive reservoir causes their high
heterogeneity. This leads to a rapid breakthrough of
water into production wells and, as a consequence,

in oil recovery.

Improving of oil reservoirs production (when
using waterfloating) is connected with redistribution
of drainage water flows in the reservoir to increase
the reservoir coverage by waterflooding both in
capacity and area of the reservoir. Redistribution of
flows is achieved by equalizing the acceleration
profile (EAP) of the injection wells by reducing the
permeability of the highly permeable zones of the
reservoir and by increasing waterflooding coverage
of the reservoir by complete or partial isolation of the
already waterflooded high permeable reservoir zones
by the creation of a flow deflecting barrier in the
water filtration path [4-5].
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2. Analysis of the latest research and

publications

One of the most environmental friendly and
progressive methods for increasing reservoir
coverage is the use of gel-forming compositions
based on sodium silicate. [6-9]

A precipitate is formed in the result of
interaction between sodium silicate and present in
salt water ions of hardness (Ca’", Mg®"). This
precipitate is a mixture of metals silicates and
hydroxides insoluble in water. The amount of a
precipitate highly depends on conditions of
components mixing, that is why it is necessary to
study the precipitation process and the influence of
salt water on it [10].

Factors causing the intensity of precipitation:

— degree of dilution of silicate composition with
salt water;

— the initial pH of the mixture.

3. Purposes and problems of a research

The precipitation process was investigated when
diluting silicate solutions with salt water. Changes
in precipitation process have been analyzed with
increase of pH value of the initial silicate-alkali
mixture solution.

4. Materials and methods of research

Methods of direct and reverse titration were used
for the determination of silicate relative
concentration in the supernatant liquid. pH metrics
was used for determination pH value change of
silicate-alkali ~ mixtures  during  experiment
performance. Sodium silicate (6 mass %) solution,
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analogue of sea water with general mineralization 34
g/em’ (analogue of Black sea water), sodium
hydroxide solution were used as materials for
investigation.

5. Research results

Influence of the dilution degree of silicate
mixtures with salt water on the formed precipitate
amount

The investigation of the precipitation process
performed in the following way. The analogue of salt
water with mineralization 34 g/cm’ (analogue of salt
water in the Black sea) was added to the initial
solution of silicate (6 mass %) in different ratios so
that percentage of salt water in mixture had been
from 0 to 100 %.

The obtained precipitate was filtrated through the
paper filter, washed by deionized water and
desiccated until constant mass. After that filters with
a precipitate were weighted for the determination a
precipitate amount left on a filter.

The performed research shows, that the biggest
amount of a precipitate (27.5 g/dm’) is formed when
the content of salt water in a mixture was 60 % (fig.1,
table 1).

A highly dispersed precipitate is formed if the salt
water content varies from 10 to 30 %; this precipitate
may take from 1/3 to1/2 of the total solution volume.
Gelled and highly coagulated precipitate was formed
in the whole volume of the obtained mixture with
further increase of salt water content in a mixture.
The formation of such precipitate took place with the
salt water content from 40 to 90 %. It is necessary to
mention that precipitate’s low dispersion didn’t stop
the solution filtration.

—4—pH=11.72
—8—pH=12.28
—t—pH=12.99
== pH=13.65

20

40

100
C...,mass %

Fig. 1. Dependence the amount of formed precipitate m, from the salt
water content Cy,, in a solution at different pH values
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Table 1
Precipitation when dilution silicate mixture (initial pH=11.72) with salt water
No Salt water content pH Mass of a pregipitate, Relative concentration' of 'SiOz in the
mg/cm supernatant liquid
1 0 11,72 - 1,000
2 10 11,68 0,55 0,864
3 20 11,45 1,35 0,720
4 30 11,36 2,80 0,587
5 40 11,26 8,58 0,444
6 50 11,08 21,74 0,309
7 60 10,90 27,54 0,171
8 70 10,35 20,78 0,031
9 80 9,45 11,49 -
10 90 8,66 6,14 -
11 100 7,90 - -

Influence of a pH value of an initial silicate-
alkali mixture on the formed precipitate amount

The use of silicate-alkaline mixtures on the deposits
of the Black Sea continental shelf requires studying
the effect of salt water on the behavior of these
mixtures.

Alkali-silicate mixtures with initial pH values
11.72; 12.28; 12.99; 13.65 were prepared for the
study of pH value influence of initial mixtures on
an amount of formed precipitate. Silicate
concentration in mixtures was the same and equal
to 6 mass % for the correct comparison of
experimental data.

Necessary pH value of solution was obtained
by addition alkali (NaOH) to the mixture. Earlier
obtained silicate-alkali mixtures were mixed with
salt water analogue in different ratio (salt water was
added in amounts from 10 to 90 %). Following
results were obtained in experiments (fig. 1-2, table
1-4).

In order to study the effect of the pH value of
the initial mixtures diluted in various amounts by
the analogue of sea water on the process of
30

sedimentation and, in particular, on the amount of the
precipitate  formed, initial alkaline silicate
compositions with initial pH of solutions = 11.72;
12.28; 12.99 and 13.65. For the correctness of the
data compared, the concentration of silicate in the
compositions was the same and was 6% by weight.

The necessary pH of the solutions was achieved
by adding alkali (NaOH) to the composition. Pre-
prepared  solutions of the silicate-alkaline
composition were mixed with an analogue of sea
water in different proportions (sea water was added
in amounts of 10 ... 90%). As a result of the
experiments, the following results were obtained
(Figs 1-2, Table 1-4).

The study of a sedimentation process showed that
intensity of this process consistently decreases with
increase of pH value of the initial silicate-alkali
mixture from pH = 11.72 to pH =13.65. The formed
precipitate amount was equal to 10.1 g/dm’ at
pH=13.65 and a content of salt water analogue 60 %.
It is in 2.7 times less, than at pH = 11.72 and at the
same content of salt water. The maximum precipitate
amount was formed when the salt water content have
been 60 % for all researched pH values.

—4—pH=11.72
—m—pH=12.28

pH=12.99
—=—pH=13.65

7 8 9 10

11 12 13 14
PH

Fig. 2. Dependence of the precipitation process m,, from the pH value
of silicate mixtures diluted with salt water
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Table 2

Precipitation when dilution silicate mixture (initial pH=12.28) with salt water

Mass of a precipitate,

Relative concentration of SiO, in the

Ne Salt water content pH mg Jom’ supernatant liquid

1 0 12,28 - 1,000

2 10 12,22 - 0,869

3 20 12,05 0,39 0,741

4 30 11,97 1,23 0,612

5 40 11,85 2,66 0,471

6 50 11,65 11,44 0,341

7 60 11,40 20,07 0,211

8 70 11,00 16,56 0,081

9 80 9,90 10,42 -

10 90 8,85 5,01 -

11 100 7,90 - -

Table 3
Precipitation when dilution silicate mixture (initial pH=12.99) with salt water
Ne Salt water content pH Mass of a precipitate, | Relative concentration of SiO, in the
mg/cm’ above precipitate liquid

1 0 12,99 - 1,000

2 10 12,95 - 0,879

3 20 12,79 - 0,752

4 30 12,69 0,52 0,629

5 40 12,55 1,75 0,501

6 50 12,35 7,95 0,378

7 60 12,15 14,99 0,251

8 70 11,81 12,87 0,130

9 80 10,81 8,01 -

10 90 9,29 3,89 -

11 100 7,90 - -

Table 4
Precipitation when dilution silicate mixture (initial pH=13.65) with salt water
Ne Salt water content pH Mass of a precipitate, | Relative concentration of SiO, in the
mg/cm’ supernatant liquid

1 0 13,65 - 1,000

2 10 13,45 - 0,899

3 20 13,33 - 0,764

4 30 13,25 - 0,646

5 40 13,18 1,01 0,525

6 50 13,03 5,37 0,403

7 60 12,85 10,49 0,280

8 70 12,50 9,23 0,162

9 80 11,55 5,92 0,041

10 90 9,60 2,62 -

11 100 7,90 - -
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6. Discussion of results

The influence of a dilution on the mixture’s pH
value

pH values of the obtained silicate-alkali solutions
after dilution with salt water were determined
depending on the salt water content in these
solutions. Initial pH values of mixtures were 11.72;
12.28; 12.99; 13.65. The amount of salt water in a
mixture varied from 0 to 100%.

Following results have been obtained during
investigation. pH value of the obtained solution
didn’t change greatly when the salt water content
varied from 10 to 50 % comparatively with initial
solution (fig. 3). It is connected probably with high
buffer capacity of silicate mixtures. A sharp
decrease of solution’s pH value took place with
increase of salt water content to 50 %. Increase of
solution ionic power caused neutralization of
silicate-alkali solution. The revealed regularity was
preserved for all the studied solutions (with
different initial pH values).

T4
o

13 ;

; —=pH=1172

{ =H=pH-12.28
1 pH=12.99
10! i pH=13.65
9__

8..

7 : : : : |

0 20 4 60 80 100

Cs.w., %

Fig. 3. Dependence of silicate-alkali
mixture pH value on salt water content C;,,
Influence of a dilution on the residual
concentration of silicate in a solution

Silicate concentration in the supernatant liquid
(filtrate) has been calculated for the determination
of the minimal silicate concentration necessary for
gel formation when mixing silicate mixtures with
salt water. Silicate concentration has been
determined in mixtures with initial pH values
(11.72; 12.28; 12.99; 13.65) and salt water content
from 0 to 100 % (fig. 4).

o)
5 09 —
= —4—pH=11.72
08 —
—B—pH=12.28
07 — )
06 . pH=12.99
05 — —=pH=13.65
04 —
03 -
02 -+
01 —
0 | | | |
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Fig. 4. Dependence of SO, relative concentrati
on [SO,] in supernatant liquid from salt water content Cj,,,
in silicate-alkali solution

Analysis of experimental date showed, that the
amount of silicate in the supernatant liquid increase
for all ratios of silicate and salt water with increase of
initial mixture pH value. Besides the salt water
content in a mixture increases with increase of pH for
obtaining equal silicate concentration in the
supernatant liquid. Dilution of the initial mixture by
50 % salt water caused the value of silicate residue
concentration in a solution from 0.3 to 0.4 from the
initial one for pH = 11.72, ..., 13.65. It was also
found, that gel formation (for a mixture with initial
pH = 11.72) occurred at residual concentration of
silicate in a solution 0.25 — 0.3 from initial one. Thus,
it was determined, that minimal concentration of
silicate in the solution can be 1.5 — 2 mass %.

7. Conclusions

Performed investigations on the study the
presipitation process under static conditions allow to
conclude:

— precipitation process proceeds most intensively
when silicate ratio in a mixture with salt water is 40 —
60 %;

— the precipitate amount consistently decreases
with increase of the initial mixture pH value when
mixing with salt water;

— necessary residue concentration of silicate in
the solution for gel formation is 1.5 — 2 mass %;

— salt water content in the mixture over 50 %
causes the most significant change pH values of
mixtures.



80 ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2018. N2(75): 75-82

References

[1] Rudyi S.M., Kachmar Iu.D., Rudyi M.I.
(2013)  Vzaiemodiia sylikatnykh  porid iz
hlynokyslotnymy rozchynamy v termobarychnykh
umovakh plasta. Ch. 1. Vplyv tysku na rozchynnist
porody [The interaction of silicate rocks with clay-
acidic solutions solutions in temperature and
pressure conditions of a reservoir. Part 1. The
pressure influence on the rock solubility].
Naftohazova haluz Ukrainy — Oil & Gas Industry of
Ukraine, no. 1, pp. 22-27.

[2] Zhdanov S.A. (2001) Primenenie metodov
uvelicheniya nefteotdachi plastov: sostoyanie,
problemy, perspektivy [The use of methods of oil
recovery increase in reservoirs: condition,
problems, perspective]. Neftyanoe khozyaistvo —
OH Industry, no. 4, pp. 38-40.

[3] Safonov E.N., Almaev R.Kh., Bazekina
L.V., Plotnikov I.G., Nazmiev [.LM., Knyazev V.I.
(2005) Fiziko-khimicheskie metody uvelicheniya
nefteotdachi v usloviyakh Arlanskogo
mestorozhdeniya [Physical and chemical methods
of oil recovery increase in Arlan oil deposit]. —
Neftyanoe khozyaistvo — OH Industry, no. 7, pp. 88.

[4] Gnip M.P., Prokopiv V.I., Doroshenko
V.M. (2006) Printsipy stabilizatsii urovnya dobychi
nefti na pozdnei stadii razrabotki mestorozhdenii
[Principles of stabilization of oil recovery volume
on the late stage of deposit work]. Prace Instytutu
Nafty I Gazu — Works of oil and gas institute, no.

[5] Rudyi M.I., Rudyi S.M., Nasliednikov S.V.
(2011) Kyslotne diiannia na naftohazovyi plast. T. 1.
[Acidic influence of the oil and gas reservoir]. Ivano-
Frankivsk, Halytska drukarnia Plius Publ., 482 p.

[6] Starkovskyi A.V., Rohova T.S. (2004)
Effektivnost primeneniya silikatnogo gelya dlya
povyisheniya nefteotdachi plastov [Efficiency of
silicate gel usage for the increase of oil recovery from
reservoirs]. Neftyanoe khozyaistvo — OH Industry, no.
4, pp. 38-40.

[7] Titova O., Stoliarova N., Hrushak Z.,
Kravchuk T. (2017) Determination of critical value
of pH of gel formation in silicate-alkali mixtures of
various composition. Proceeding of the National
Aviation University, no. 2, pp. 99-106.

[8] Hamounda A.A., Akhlaghi Amiri H.A.
(2014) Factors affecting alkaline sodium silicate
gelation for in-depth reservoir profile modification,
Energies, no.7, pp. 568 — 590.

[9] Belton D.J., Deschaume O., Perry C.C.
(2012) An overview of the fundamentals of the
chemistry of silica with relevance to biosilicification
and technological advances. The FEBS Journal, no.
279(10), pp. 1710-1720.

[10]Zarubin Yu.A., Boiko V.S., Grishanenko
V.P., Shvydkii O.A. (2012) Nauchnye osnovy
sovershenstvovaniya sistem razrabotki
mestorozhdenii nefti i gaza [Scientific bases of the
improving of a development systems of oil and gas
deposits]. Prace Instytutu Nafty I Gazu — Works of oil
and gas institute, no. 182, pp. 33-37.

137, pp. 801-808.

0.C. TitoBa', H.B. Croasiposa’, 3.B. I'pymax’, T.B. Kpapuyk*

BuBueHHs1 0co0/MBOCTell mMpouecy 0CaJ0yTBOPEHHS CHJIIKATHO-JIY’KHOI KOMIIO3MIiI B NPHCYTHOCTI
MOPCBKOI BOAU
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Meta: Meroro wi€il cTarTi € AOCHIIKEHHS HPOLECY OCaJA0YTBOPEHHS NPH PO3BEICHHI PO3UMHY CHIIKaTy
MOPCBHKOIO BOO0. [IpoaHamizipoBaHO 3MiHY MpoIecy OCaaoyTBOpPEHHS 31 30iumbIIeHHsM pH BuXimHOTO
PO34MHY CHIIIKAaTHO-TTY>KHOI Komro3ullii. MeToau pocaimzkenHsi: J[is BU3HaUSHHS BiTHOCHOI KOHIICHTpAIIil
CWJIIKaTy B HAJIOCAJIOBIH PiMHI BUKOPUCTOBYBAIUCS METOIH TPSMOTO 1 3BOPOTHOTO TUTPYBaHHs; pH-merpist —
JUTST KOHTPOJIO 3a 3MiHOIO pH CHITIKaTHO-TY»XKHUX KOMITO3HINIH B TIPOIECi EKCIepuMeHTy. Pe3yabTaTH:
HaOIIBII IHTEHCHBHO TPOLIEC OCAAOYTBOPEHHS BiOYBA€ThCA MpPH CIIBBITHOIICHHI CHIIIKaTy B MOPCHKIii
Boai B cymimi 40 + 60; 3i 30inbmenHsM pH BuXigHOT KOMMO3UII KiNbKICTh OCaay NpW 3MIilIyBaHHI 3
MOPCBHKOIO BOJOIO IIOCIiZIOBHO 3MEHIIY€TbCSA; Ui YTBOPEHHS TIEII0 JOCTAaTHBO, LI00 3alMIIKOBa
KOHIIGHTpAIisl CUJIiKaTy B po3uuHi craHoBmwia 1,5-2 % wmac; HaiOuTemn 3HauHi 3MiHM pH Kommo3wmiit
BigOyBa€eThCsl TpU BMICTI B cyMimi Mopcbkoi Boau moHan 50 %. O6roBopeHHsi: 3 METOIO BH3HAYCHHS
MiHIMaJIBHOT KOHIIEHTpAIlil CHJIIKaTy, HEOOXiJHOI JUIsi YTBOPEHHS TENI0 TMPH 3MIITyBaHHI CHJIIKATHHX
KOMITO3HITI 3 MOPCHKOIO BOJOI0, HEOOXITHO BH3HAYATH KOHIICHTPAIIO0 CHJIKATY B HAJOCAIOBIH pimuHi
(pimpTpari). Byno BCTaHOBIEHO, MIO KUIBKICTh CHJIIKATy B HAJOCAJOBIM piJMHI 30UIBIIYETHCS OIS BCIX
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CHIBBIIHOUICHb CHJIIKaTy 1 MOPCHKOi BOAM 31 30iMblIeHHSM pH BUXiZHOT KOMMIO3WLil, MPUYOMY IS
JOCATHEHHSI OJTHAKOBOI KOHIIEHTpAIlil CHIIIKAaTy B HAJOCAJIOBIH pimuHi 31 30imbmieHHsM pH 30inbiryerbes
gacTKa MOPCHKOI BOAM B CyMillli. BUsABICHO, M0 YTBOPEHHS TeNIO (TSI KOMITO3HINII 3 BUXiTHAM 3HAYCHHSIM
pH = 11,72) BinOyBanocs npu 3aJUIIKOBIA KOHIEHTpaii cuiikaty B po3uuHi 0,25-0,3 Big Buxinnoi. Takum
YUHOM, OyJIO BCTaHOBJICHO, 110 MiHIMallbHA KOHIICHTpALlis CHIIIKaTy B PO3YMHI MOke cTaHOBUTH 1,5-2,0%
Mmac.

KamouoBi cioBa: BenmnumHa pH; TeneyTBOpeHHS; KOHIIGHTpALlis; OCaJOyTBOPEHHS; CUJIIKATHO-JIYKHA
KOMITO3HIIis; QiabTpat
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HN3yuyenue ocoOGeHHOCTell mpouecca 0CagAKO00Pa30BAHMS CHJIMKATHO-LIEJIOYHON KOMIO3ULIUHM B
NPUCYTCTBHU MOPCKOM BOJABI
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Henn: llensto 3TO# cTarhu SBISIETCS HCCIENOBaHHE MpoIlecca OCaAKooOpa3oBaHWs TpH pa3OaBiIeHHUU
pacTBopa CHJIMKaTa MOPCKOW Bojoiu. IIpoaHanm3mpoBaHO H3MEHEHHE TIpOIlecca OCaaKooOpa3oBaHUS C
yBenuueHueM pH HCXOHOTO pacTBOpa CUIMKATHO-IEI0YHON KoMmo3uiuu. MeTtoabl uccjaegoBanusi: Jms
OTIpe/ie]IeHns OTHOCHTENHHOW KOHIIEHTPAllMW CHJIMKaTa B HAJOCAZOYHON JKHUIKOCTH WCIOIh30BAIUCH
METOMBI MPSMOTO M 00paTHOTO TUTPOBaHUS, pH-MeTpus — A KOHTPOJIA 3a m3MeHeHueM pH cuimkaTHO-
IICJIOYHBIX KOMIIO3HMIIMH B TMpOIecCe 3KCIepuMeHTa. Pe3yabTaThl: Hambojiee WHTEHCHUBHO IPOIIECC
0CagK000pa3oBaHUsl MPOUCXOAUT IMPH COOTHOIIEHUHM CHIIMKaTa B MOpCKOW Boae B cmecu 40 + 60; c
yBesimueHrueM pH HCXOAHON KOMIO3UIIMM KOJMYECTBO OCajKa MPU CMEIIMBAaHUKM C MOPCKON BOAOU
MOCJICIOBATEIIbHO YMEHBIIACTCS; JJIs 00pa30BaHUs Tejsl JOCTATOYHO, YTOObI OCTATOYHAS KOHIICHTPAIUS
CHIIMKaTa B pacTBope coctaBisna 1,5-2 % wmacc; Hanbonee 3HA4YMTENbHBIE W3MeHeHHMs pH xommosuiuit
MIPOMCXOANT TPU COAEPKAHUU B cMeCH MOPCKoW Bobl cBbimie 50%. Oocy:xkaenue: C menbio ompeeneHus
MUHUMAJIbHOW KOHIIEHTpPAI[MM CHJIMKaTa, HEOOXOAMMOW Jjisi o0Opa3oBaHUs Telis MPU CMEIIWBaHUHU
CWIMKATHBIX KOMITO3UIIUH C MOPCKOW BOJOH, HEOOXOAMMO OMNPEICNIATh KOHIICHTPALMIO CHIIMKAaTa B
HAaJ0CaI0YHON kuaKocTH ((punpTpare). beUI0 yCTaHOBIEHO, YTO KOJMYECTBO CUJIMKATa B HAI0CAIOYHON
JKUIKOCTH YBEITHUYMBACTCS IIJII BCEX COOTHOIICHHWHA CHJIMKAaTa W MOPCKOW BOABI ¢ yBenndeHuemM pH
HCXOJIHOM KOMITO3UIIMHU, MIPUYEM IJIsl JOCTHKEHHUS OJUHAKOBON KOHIEHTPALMM CUJIMKAaTa B HAJ0CaI04YHON
KUJKOCTH C yBenmndeHneM pH yBemuumBaercss 1oiisi MOpPCKOM Boabl B cMecd. OOHapyxeHO, dYTO
obpazoBaHre rens (sl KOMIIO3HUITMH C HCXOMHBIM 3HadeHueM pH = 11,72) mpoucXoauino mpu 0CTaTOYHOM
KOHIIeHTpalmu cuirkata B pactBope 0,25-0,3 ot umcxomnoi. Takum o0pa3zoM, OBUIO yCTaHOBJIEHO, YTO
MHUHHUMAaJIbHAsl KOHLEHTpALUsl CUJIMKATa B PpaCTBOPE MOXKET cocTaBiATh 1,5-2,0 % macc.

KiarwoueBble ¢J10Ba: BEIUYHHA pH, reneo6pasoBaH1/Ie; KOHICHTpAaNus, OC&I[KOO6pa3OBaHI/IC; CHJIMKATHO-
mICJa049YHass KOMIIO3HUIIHA, (I)I/IJ'H:TpaT
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