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Abstract

Purpose: The aim of this study is the research of a possibility of a direct and reverse titration usage for the
critical pH determination. pH value change of the silicate-alkali mixture was analyzed while addition of
alkalis, salt water and sodium hydrogen carbonate solutions. Methods. Methods of direct and reverse
titration were used for the determination of various additives influence on results of pH measuring of sodium
silicate mixtures. Results. Additives method or reverse titration of the alkali solution are the most
appropriate methods for the determination of free alkali content in silicate solutions. Dilution of silicate-
alkali solutions by salt water or its model leads to the faster decrease of pH value, than in case of water
without any salts of hardness. Hydrogen carbonates influence should be accounted when execution of
accurate calculations used in the development of silicate-alkali mixtures usage technology. Discussion:
Alkali-silicate mixtures would be solutions for a long time when filtration proceeds in the porous medium at
pH > pH.,;. The time of such solutions existence must be characterized by a before inductive period. When
reaching the critical pH value, a gel is formed during an inductive period or the time of gel formation. As a
rule, the before inductive period is in ten times or even more greater than the time of gel formation.

Keywords: dynamics of pH change; gel formation; pH value; sodium silicate.

1. Introduction Critical concentration of gel formation is the
) . B maximum concentration of sodium silicate, when rate
Mixtures based on sodium silicate are true of gel formation is equal to zero. Similarly pH,; is the

solutions in basic environment with viscosity —minimal value of pH, at which gel formation does not
close to the viscosity of water. Solution can turn  proceed in basic medium [1].

into gels at certain conditions. In this case the

magnitude of viscosity will increase in several 2. Analysis of the latest research and publications
orders. The possibility of such transition is limited

by two factors. They are critical concentration of It is possible to adjust the process of gel formation of silicate
gel formation C;. and critical value of pH of gel  mixtures in porous medium because of presence of critical
formation pH. value of pH and ability of layer of ore to neutralize the alkali
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while alkali solutions filtration. Regulation is executed
by changing the concentration of sodium silicate,
mineralization and usage of various additives, which
slow down the process of gel formation [2]. The most
convenient way of gel formation process regulation is
regulation the value of pH of silicate mixtures by
addition of alkali or acid solutions into these mixtures
[3].

Characterization of the alkali
influence on the change of pH value.

Sodium silicates are sodium salts of very weak
diprotic silicic acid H,SiOs. That is why silicate
solutions have bright alkali reaction.

On the basis of silicic acid formula its two
stage ionization will proceed according to a
scheme [4, 5]:

Kl
H,SiO, =HSiO; +H"; logK =-9.80

addition

K

HSiO; = SiO; +H"; logk =-1216

But according to the literature data [6]
polysilicate ions are also present in the solution.
That is why ionization scheme of silicic acid

should be completed by two reactions:
K

2HSIO; + H* = Si,0> + H,0;logK, =334
Ky

Si,0F + H* = = H,8i0,0; logK, =-9,80

Silicic acid has a complicate mechanism of
ionization in aqueous solutions. That is why it is
rather difficult to execute calculations for the
determination of the ionization degree of groups
and quantity of the free alkali at different pH
values [7]. Determination of these parameters is
necessary for the calculation of inductive period
of gel formation. That is why experimental
methods based on potentiometric researches of pH
dependence on concentrations of sodium silicates
and alkalis and pH change in the result of dilution
with water have been used in this work [8-10].

3. Purposes and problems of a research

The possibility of usage of direct and reverse
titration of silicate gels for determination of
critical pH was researched. pH change of silicate-
alkali mixture has been studied while addition of
alkalis, salt water and sodium hydrogen carbonate
solutions.

4. Materials and methods of a research

Methods of direct and reverse titration were used for
the determination of various additives influence of the
pH value change of sodium silicate mixtures. Alkali,
salt water and solutions of carbonate and hydrogen
carbonate of sodium were used as additives.

5. Research results
Typical curve of the direct titration is shown on fig. 1.
Point of equivalency corresponds to the maximum
slope of curve. As a rule this point corresponds to the
pH =7. Alkali’s concentration has been calculated
using formula:
Vier *Nucr = Viaor = N vaon
where Vyc — acid’s volume used on the titration;
Nua — normality of the acid solution; Vyaon — volume
of the alkali solution, which we titrated; Nya.on —
normality of the alkali solution.
As s rule, concentration of the hydrochloric acid is
equal to 1 mol-eqv/dm’.
The amount of the free alkali can be calculated using
titration curve (fig.1) in the all investigated range.
pH
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Fig. 1. Typical titration curve.

Titrant is - 1N HCI;
Dilutant 1s 0.5 % NacCl;
Volume of NaOH is 25 cm?;
% - vohmme of HCL dm?.

Determination of the equivalence point and
concentration of the free alkali is more complicate
process for the titration of alkali-silicate solutions.

Curve for the titration of 1% solution of sodium
silicate with 1N solution of HCI is shown on fig. 2.
These solutions have been prepared on the basis of 0.5
% NaCl solution because of a small change of the ionic
power of the solution.

As you see from fig. 2, titration curve is gentler
than in case of alkali titration. It is more difficult to
find the equivalence point because of possibility of gel
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formation while titration of silicate solution with
an acid. Because of this additional errors can be

formed

in the

concentration.

pH

calculation of free

12-\\\
101

:
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Fig_ 2. Direct titration of 1%
sodium silicate solution.

WV - volume of HCL cm?®.
Titrant - 1N. HCL
Dilutant - 0.5 % NaClL

alkali

It is expedient to use method of additives or
reverse titration for the determination of the

content of free alkali.

In this case silicate

solutions are titrated with a strong acid to the
fixed value of pH and then reverse titration

with the alkali

has been executed. The

example of the reverse titration of 1% sodium
silicate solution is shown on fig. 3.

124 /r—*’-"—f’—““*‘
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Fig. 3. Reverse titration of 1 %
sodium silicate solution.

W - volume of NaOH., cm?.
Titrant - 1 N. NaOH

Dihrtant - 0.5 % NaCl

Method of additives helps to solve one the main
problems in the design of technology of silicate action.
This problem consists in the calculation the amount of
alkali, which is neutralized by ore when silicate
solutions have been filtrated in porous medium. Buffer
capacity of the certain ore as neutralizator of alkali is
the additional parameter, which is necessary for such
calculation.

Results of the potentiometric researches of silicate
solutions of various concentrations are shown in table
1. These results are also initial data for the calculation
of the amount of alkali, which is necessary for the
preparation of sodium silicate solution with certain pH
values.

Table 1

pH change of silicate solutions at direct titration of HCI and reverse titration of NaOH.
Solvent is 0,5% NaCl. The volume of a sample is 25 cm’. Concentration of titrants is 1N.

1 % silicate solution 3 %- silicate solution 5 % silicate solution
Direct titration Reverse titration Direct titration Reverse titration Direct titration | Reverse titration
Volume Volume of Volume Volume of Volume Volume
of H 3 H of H 3 H of H |of NaOH, H
HCl,cm’ b NaOH,cm b HClLcm® b NaOH,cm b HClcm® b cm’ b
0,0 12,30 0,0 4,00 (0,0 12,15 10,0 490 10,0 12,00 |0,0 4,65
1,0 11,90 |0,1 8,10 |1,0 11,70 |0,1 6,50 |1,0 11,70 |0,1 6,30
2,0 11,00 |0,2 8,50 12,0 11,30 |0,2 7,00 2,0 11,45 |02 6,85
2,5 10,65 |0,3 9,20 2,5 11,15 |0,3 7,40 (3,0 11,20 0,3 7,05
3,0 10,25 |04 9,60 |30 10,95 |04 7,70 14,0 10,95 |04 7,30
3,5 9,90 10,5 9,80 |3.,5 10,80 |0,5 8,00 15,0 10,75 10,5 7,40
4,0 9,00 10,6 10,60 4,0 10,60 0,6 8,25 16,0 10,50 |0,6 7,50
4,1 8,50 10,7 10,20 |5,09 10,30 |0,7 8,45 17,0 10,35 0,7 7,60
472 8,00 (0,8 10,35 16,0 9,80 10,8 8,70 8,0 10,10 0,8 7,95
43 7,55 10,9 10,45 16,9 9,20 10,9 8,90 (9,0 9,90 |1,0 8,00
4.4 6,30 |1,0 10,55 7,0 9,15 |10 9,15 10,0 9,30 |1,5 8,75
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4,5 3,10 |1,1 10,60 |74 8,70 |1,3 9,50 |11,0 8,55 2,0 9,30
4,6 2,80 7,5 8,50 |1,5 9,75 |11,2 8,40 |25 9,50
4,7 2,50 7,6 8,30 |2,0 10,25 |11,3 8,20 (3,0 9,70
4,8 2,35 7,7 8,10 |23 10,45 |11,4 8,00 (3,5 9,95
4,9 2,25 7,8 7,80 |25 10,55 |11,5 7,85 |40 10,15
5,0 2,20 7,9 7,50 (3,0 10,80 |11,6 7,65 |45 10,35
8,0 7,10 (6,0 11,40 |11,7 7,50 |50 10,60
8,1 6,60 9,0 12,10 (11,8 7,30 |55 10,70
8,2 6,00 |12,0 12,40 (11,9 7,00 6,0 10,80
8,3 3,50 12,0 6,65 |70 11,00
8,4 2,80 12,1 6,30 |8,0 11,20
8,5 2,55 12,2 6,00 9,0 11,35
8,6 2,40 12,3 5,45 10,0 11,55
8,7 2,30 11,0 11,75
8,8 2,20 12,0 11,95
13,0 12,10
Table 2
pH change of the silicate solution and NaHCOj solution in the result of titration with HCl and NaOH.
Solvent is 0.5 % NaCl +0.1 % NaHCO; solution. Sample’s volume is 25 cm’.
NaHCOj; solution 1 % sodium silicate solution 3 % sodium silicate solution
Direct Reverse Direct Reverse Direct Reverse
titration titration titration titration titration titration
Volume Volume Volume Volume Volume Volume
of HCI, | pH | of HCI, pH of HCI, pH of NaOH,| pH of HCI, pH of NaOH, | pH
cm’ cm’ cm’ oM’ oM’ oM’
0,0 8,05 10,0 1,60 0,0 10,50 10,0 2,00 0,0 12,60 (0,0 2,20
0,1 6,60 (0,1 1,70 0,5 10,05 (0,5 2,15 1,0 12,65 (04 2,70
0,2 5,80 (2,0 2,00 1,0 9,40 1,0 3,50 2,0 12,25 10,5 3,50
0,3 3,00 (2,1 2,10 1,1 9,25 1,1 6,50 3,0 11,85 0,6 6,20
0,4 2,60 |23 2,20 1,2 9,05 1,2 7,80 4,0 10,95 0,7 7,30
0,5 2,40 12,5 2,40 1,3 8,80 1,3 8,50 5,0 10,05 (0,8 8,10
0,6 2,30 (2,6 2,55 1,4 8,45 1,4 9,05 5,5 9,65 0,9 8,70
0,7 2,20 (2,7 2,85 1,5 7,95 1,5 9,40 5,7 9,40 1,0 9,10
0,8 2,10 |2,8 5,20 1,6 7,25 1,6 9,65 5,8 9,25 1,1 9,35
0,9 2,05 12,9 10,40 |1,7 6,65 1,7 9,80 5,9 9,05 1,2 9,70
1,0 2,00 |3,0 11,15 |1,8 6,15 1,8 10,05 |6,0 8,85 1,3 9,90
2,0 1,70 |3,1 11,40 |1,9 5,35 1,9 10,25 |6,1 8,60 1,4 10,05
3,0 1,60 2,0 2,90 2,0 10,40 |6,2 8,25 1,5 10,15
2,1 2,55 2,1 10,45 |6,3 7,60 1,6 10,35
2,2 2,40 2,2 10,65 |6,4 6,85 1,7 10,50
2,5 2,15 2,3 10,75 |6,5 6,30 1,8 10,60
3,0 1,95 6,6 5,85 1,9 10,70
6,7 4,30 2,0 10,80
6,8 2,80 4,0 11,20
6,9 2,60 6,0 11,70
7,0 2,45 7,0 11,90
7,1 2,30 10,0 12,45
7,2 2,20
7,3 2,15




S. Madzhd, Y. Kulynych, A. lavniuk. Ecological Assessment of the Human-Transformed Systems of the Irpin River

103

pH value change when diluting the mixture
with salt water. Influence of hydrogen
carbonates and carbonates on the dynamics of
pH change.

pH value changes in the result of dilution of
strong alkalis by water. The pH value is equal

topH =—log[H "], that is why dependence of pH

from the logarithm of dilution is linear if there are
no adverse reactions. Really, according to
experimental data this dependence is close to
linear.

There is a deviation from the linear
dependence in case of silicates and other salts
formed by a strong base and weak acid (especially
polyprotic).

pH change in the result of dilution 1% silicate
solution with a solvent (0,5 % NaCl solution) is
shown on fig. 4-a.

As you see in fig. 4-a there is a small deviation
from linearity because of buffer capacity of
silicate solutions. Additional deviation from linear
dependence of pH from dilution takes place in the
solutions, which contain hydrogen carbonate of
sodium (fig. 4-b).

pH
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Fig. 4. Change of pH value of

1 %45 sodimm silicate sohrtion when

dihuting.

a - dilutant - 0.5 % WaCl:

b - dilutant 0.5 % NaCl + 0.1 %a
NaHCOs

% - wohmne of the dihatant, cim®.

——— theoretical curve for MaOH

Hydrogen carbonates and carbonates, as a rule,
are present in most surface and underground

water, including salt water and seam water of oil
reservoirs. Hydrogen carbonates are salts of weak
carbonate acid and have the same buffer capacity as
silicates unlike chlorides and sulfates, which are
components of natural water. The high pH value of salt
water is caused by the presence of hydrogen
carbonates.

Results of the direct and reverse titration of silicate
solutions prepared using water, which contains 1 g/l of
NaHCO;, are shown in table 2. As it can be seen from
a comparison of data, given in tables land 2, the
presence of hydrogen carbonates in such small amount
affects on the position of a titration curve of silicates.
Such phenomenon can be explained by the value of
concentration of silicate. It is higher than concentration
of hydrogen carbonates at least in one order.

Calculations show, that 1 g/ of NaHCO;
corresponds to approximately 0.16 g/l of NaOH. Seam
water contains smaller amount of hydrogen carbonates
and salt water also contains approximately in 5 times
smaller amount of these compounds. That is why
hydrogen carbonates practically do not impact on pH
value of silicate solutions, which are mixed with seam
and salt water.

But it is necessary to take into account the influence
of hydrogen carbonates when executing accurate
calculations in the design of technology of silicate
usage.

Dilution of silicate-alkali solutions with salt water
or its model is accompanied with faster decreasing of
pH of the solution than in case of usage of water
without salts of hardness. It happens because not only
dilution process takes place, but the precipitation of
silicates and hydroxides of calcium and magnesium
proceeds. Fig. 5 shows the dependence of pH value on
the degree of dilution with salt water at different pH
values of the initial solution. As you can see from fig.
5 the sharp decreasing of the pH value happens after
the dilution in two times.

Potentiometric analysis data gives a possibility to
calculate the amount of silicate, which precipitates, on
the basis of comparison of dependence of pH value on
the degree of dilution of salt water and its model,
which does not contain salts of hardness.

Curves of pH dependence of 5 % sodium silicate
solutions from the degree of dilution by salt water at 25
°C and 60 °C are shown on fig. 6. We can say on the
result of the experimental data, that increase of
temperature is slightly impact on pH change of
solutions and dependence curves are practically
identical.
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Fig_ 5. pH change of the sodium
silikate solition when diluting with
salt water_

V- volune of diutant. cm’.
Dilutant - 0.05 % NaOH.
Temperature 25 °C.

--—- theoretical curve for NaOH.

pH
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Fig_ 6. Change of pH value of sodium
silicate solution when dilting with salt
water at different temperatures.
Dilutant - 0.05 % NaOH.
temperature 25 °C.
= — —  temperature 60 °C.

The same dependences have been obtained for
2 % and 3 % sodium silicate solutions. There are
the same regularities when diluting solutions of
salt water with certain mineralization.

6. Discussion of results

Alkali-silicate mixtures would be solutions for a
long time when filtration proceeds in the porous
medium at pH > pH;.. The time of such solutions
existence must be characterized by a before
inductive period. When reaching the critical pH
value, a gel is formed during an inductive period
or the time of gel formation. As a rule, the before
inductive period is in ten times or even more
greater than the time of gel formation

7. Conclusions

1. Methods of additives or reverse titration of a
solution with an alkali are more accurate for the
determination of the free alkali content in silicate
solutions.

2. Dilution of silicate-alkali solutions with salt
water or its model is accompanied by faster decrease of
pH value than in case of water without hardness salts.

3. The influence of hydrogen carbonates should be
taken into account when executing accurate
calculations, which are used in the design of usage
technology of silicate-alkali mixtures.
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Meta: MeTor0 1i€i cTaTTi € JOCHIIKEHHSI MOXJIMBOCT]I 3aCTOCYBaHHS MPSIMOTO Ta 3BOPOTHOTO TUTPYBAHHS
CHIIKaTHUX TeiB I Bu3HaueHHA KputmuHoro pH. IlpoanamizoBano 3MiHy pH cummikaTHO-TyKHOT
KOMITO3UIiI MpH [OJaBaHHI JIyriB, MOPCHKOI BOAM Ta PO3YUHIB TrifipokapOoHaTy Hatpito. MeTtoan
pociaizkennsi: [ BU3HAUeHHs BIUTMBY PI3HOMaHITHUX A00aBOK Ha pe3ynabTaTH 3MiHM pH KoMmo3uuii
CUJIIKATy HATPif0 BUKOPHCTOBYBAJIM METOMW TPSMOTO Ta 3BOPOTHOTO THUTPYBaHHSI. B skocTi m006aBOK
3aCTOCOBYBAIIM JIYT, MOPCHKY BOJY Ta pO34YMHH KapOoHATy 1 rigpokapOonaTy Hatpito. PesyabtaTtm: s
BHU3HAYEHHsI BMICTY BIJIBHOTO JIyTy B CHJIIKATHHX PO3YMHAX OLIbII BiAMOBIAHUM € MeToA n00aBoK abo
3BOPOTHE TUTPYBAHHS PO3UMHY JIyroM. Po30aBieHHs CHITIKaTHO-TY)KHHX PO3YHHIB MOPCHKOIO BOJOIO a0o0 Ti
MOJICIUTIO CYTPOBOIKYEThCS OIbII MBUAKIM 3HIDKEHHAM pH po3umHy, HiXK Y BHIAAKY BUKOPHCTaHHS BOJ,
SIK1 He MICTSITh coJiei TBepAocTi. [Ipu mpoBeneHHI TOUHUX PO3PaxyHKiB, sIKi BHKOPUCTOBYIOThH IIPH po3po0Ii
TEXHOJIOT1i 3aCTOCYBaHHS CHITIKaTiB-Ty>KHUX KOMIIO3HIIii, TOBHHEH BPaXOBYBATHCS BIUIHMB TiJpOKapOOHATIB.
Oorosopenns: [Ipu ¢inbTparii JyKHO-CUIIKATHUX KOMITO3UI[IH B TOPUCTOMY CEPEAOBHII MPH 3HAYCHHSIX
pH > pHypyr., BOHY 3a7IMIIATUMYThCS y BUIJIAJl PO3YMHIB JJOCTATHBO J0Bro. Yac iCHyBaHHs TaKMX PO3UHHIB
MOBMHEH XapaKTepU3yBaTHCS TEpeNiHAYKIIHHNM mnepiomoM. Jlocsarmm kpuTwdyHOro 3HadeHHs pH
(dbopMyBaTHMETbCS TeNib TMPOTATOM IHAYKIIKHOTO Tmepiogy abo dYacy TeleyTBOpeHHs. SK mpaBuiio,
NepeIiHAYKIIHHUHN mepio] Ha MOPSAI0K a00 OiNbIIe IEPEeBHIY€E Yac TelIey TBOPEHHSI.

Kurouosi ciioBa: BennunHa pH; reneyTBopeHHs; tnHaMika 3MiHu pH; cuitikaT HaTpito.
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Heasn: Llensio 3TOH cTaThu SBISIETCS HCCIENOBAHHWE BO3MOXXHOCTU INPUMEHEHHUS MPSIMOTo M OOPaTHOTO
TUTPOBAHMS CWIMKATHBIX rejei ang omnpeneneHus kpuruueckoro pH. IlpoananuszupoBanHo usmenenue pH
CUJIMKATHO-IIEJIOYHOM KOMIIO3MLMK TpH A00aBIEHUHM IIeJI04ed, MOPCKOH BOABI W  PacTBOPOB
ruapokapboHara Hatpui. MeToabl uccjiefoBanusi: [l ompeneneHns BIMAHUS Pa3iM4yHbIX JOOABOK Ha
pe3ynbTaThl U3MeHeHus: pH KoMmo3unuii cuiuKaTa HaTpUs HCIOJB30BAIM METOABI MPSIMOTO M 0OpaTHOTO
TUTpOBaHMs. B KauecTBe m00aBOK MPHUMEHSUIM LIEJI0Yb, MOPCKYI0 BOAY M PacTBOpbl KapOoHaTa U
ruapokapboHara HaTpusi. Pe3yibTaThl: [ onpeneneHus CoAep)KaHusi CBOOOJHOM I1€I04n B CHIIMKATHBIX
pacTtBopax 0Oosee MOAXOISAIIUM SIBISETCS METOA N00aBOK WM OOpaTHOE THTPOBaHHWE PAcCTBOPA LIETOYH.
PazbaBnenne cHIIMKAaTHO-IIENOYHBIX PACTBOPOB MOPCKOM BOZOI MM €e MOJENbBIO CONPOBOXKIAETCsl Ooee
OBICTPBIM CHIDKeHHEM pH pacTBopa, ueM B cilydae UCIOJIb30BAHUS BOJI, HE COJEPIKAIINX COJIEH HKECTKOCTH.
[Ipu mpoBeaeHNH TOYHBIX PACUETOB, UCHOIB3YEMBIX MPH pa3pabOTKe TEXHOJOTHH MPUMEHEHUS CUIIHKATHO-
LIEJIOYHBIX KOMIIO3WIMH, MOJDKHO YYHMTBHIBAThCS BIMSAHUE TIuApokapOonaroB. O6cy:kaenue: Ilpu
GuIbTpaK IET0YHO-CUIMKATHBIX KOMIIO3HIMNA B MOpHCTOH cpene mpu 3HaueHussX pH > pHypyr., oHH
OyZayT ocTaBaThCsl B BU/IE PACTBOPOB JOCTATOYHO JOJT0. BpeMs cyliecTBOBaHUS TaKUX PACTBOPOB JOJKHO
XapaKTepHU30BaTbCA IMEPENNHAYKIHOHHBIM TEpHOAOM. IIpHM NOOCTMKEHMM KpHTHYECKOro 3HadeHus pH
(dbopmupyeTcs reflb B TeUueHHE WHAYKIMOHHOTO IepHoJa WIM BpeMeHH reieoOpa3zoBanusi. Kak mpasuiio,
NepeArHAYKIMOHHBIHN [Iepruo/ Ha OPAIOK WK OoJiee MPEBbIIIacT BPeMs resieo0pa3oBaHusl.

Karouessble ciioBa: senmnunHa pH; reneoOpasoBanue; nnHaMuKka n3MeHeHns pH; cuimmkaT HaTpwst.
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