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DETERMINATION OF COAGULATION THRESHOLDS
OF MOLYBDENUM-VANADIUM BLUE SOLS
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Abstract. Molybdenum-vanadium blue sols are colloidal dispersions known for
their unique optical and chemical properties, making them important in catalysis,
sensors, and materials science. The article discusses the coagulation threshold of the sol
and the effect of electrolytes such as potassium nitrate, potassium chloride, and calcium
nitrate on sol coagulation. This work discusses the conditions for the occurrence of
coagulation, and considers the experience of conducting an experiment to achieve the
goal. During the experimental work, it was concluded that to determine the coagulation
threshold of the sol, it is necessary to take reagents with high concentrations, both sol
and electrolytes. Since it is known that Mo-V blue is aggregation stable.

Thus, in the course of work, a sol Mo-V blue ratio [Mo]:[V] =90:10 was synthesized
using ascorbic acid as a reducing agent. The low content of ash and electrolyte,
especially in the case of stable systems, such as molybdenum-vanadium blue, had to
initiate reduced coagulation.
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To achieve significant effects, high temperatures or changes in environmental
conditions (pH, temperature) are necessary. For sol Mo-V, the constants of fast
coagulation and half-time of coagulation were determined for KNO,: k, = 5-10* m’/
particlees and ® = 1563 s, for KCI: kb = 4-10* m?*/particle-s and ® = 1000 s.

Keywords: Sol, coagulation, electrolytes, polyoxometalates, aggregation stability
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AnHoTanust. MonuOaeH-BaHa il KeTip TYCTi epiTiHaiiep — onapasiH Oiperei
OIITHKAJIBIK, JKOHE XUMHSJIBIK KACHETTEPIMEH TaHbIMal KOJUIOMITHIK TUCIIEpCHUsIIap,
oJap bl KaTaau3/ie, CEHCOPUKa/Ia )KaHe MaTepHalITaHy/Ia MaHbI3/1bl eTeli. Makasana 30516
KOATYJISIASCHIHBIH IIET1 )KOHE KaJiil HUTPAThI, KaJIHi XJIOPHIi )KOHE KaITbIINI HUTPATHI
CUSIKTBI DIIEKTPOJIUTTEPIH 30JIb KOATYISAIUSACHIHA dCepi KapacThIPbULIBL. byt skymbIcTa
KOAryJSIMSHBIH Naiaa 00y sKarnaiinapbl KapacThIpbUIabl, COHBIMEH KaTap MakcaTKa
JKETy YIIIH JKCIePUMEHTTEp JXYprizy Taxipubeci xacammpl. ToxipuOenik >KymbIC
OapbICBIH/IA 30JIB/IIH KOATYISIIIHA IIET1H aHBIKTAy YIIiH 30JbIIH /1€, YIEKTPOIUTTEPIIH
JIe KOHIICHTPAIUSICHI )KOFaphbl peareHTTep/Ii any Kepek JiereH Mo-V KeKTiH arperaruBTi
TYPAaKThl €KeHi OeNTisii OOJIIbL.

COHOBIKTAH, JKYMBIC OapbhICBIHAA TOTBHIKCBHI3MAHIBIPFRINI PETIHAC AaCKOpOWH
KBIITKBUTBIH Koymausi, [Mo]:[V] = 90:10 karerHacs! 6ap Mo-V Kek 3016 CHHTE3ICI/Ii.
TeMeH Kyl MEH JJIEKTPOJIHMT MOJIIepi, ocipece MONUO/ICH-BaHAIUN KOK CHSKTHI
TYPaKTHI XKYHesep jKarIalblH/a KOaTyJISIHsTHBIH TOMECHJICYIHE OKeIle/i.
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OcpiHIail MaHBI3ABI dcepiepre KOl JKETKi3y YIIiH JKOFaphl TeMmIleparypa Hemece
KOpILIaFaH opTa *arJainapbiHbiH e3repyi (pH, Temneparypa) kaxer. Mo-V 301 yiiixn
KBUIIAM KOAryJsiusi KOHCTaHTANaphl OHE KOATYISIMSHBIH JKapThUIal NIBIFAPBLTY
keseHi KNO, ymin anbikranas:: k, = 5¢10 m*/6emmexk-c sxone © = 1563 ¢, KCI ymin:
k, = 4-10-4 m’/6emmex - ¢ xone © = 1000 c.

Ty#in ce3mep: 3o0mb, Koarysius, OSJIEKTPOJIUTTEP, IOJIMOKCOMETANIATTap,
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AHHoOTamus. 307U MOJHOACHOBO-BAaHAIMEBOTO CHHETO TMIPEICTABIIIOT COOOM
KOJUTOUAHBIC JUCTICPCUHN, U3BECTHBIC CBOUMU YHUKAJIbHBIMU OTITUYCCKUMHU UXUMUYCCKUMU
CBOWCTBaMH, YTO JEJaeT WX BAKHBIMU B KaTallM3e, CCHCOPHKE U MaTepHUAIOBEICHHU.
B crarpe paccmarpuBaeTcsi OpOr KOATryJISIIAW 3011 W BIUSHHUE SJIEKTPOIUTOB, TAKHX
KaK HUTpAT Kajausl, XJIOPUJ KaJIMsS U HUTPAT KAJIbLUS, HA KOAryJsiLuIo 30ii1. B naHHOI
pabote 00CyKIar0TCs YCIIOBHS BOSHUKHOBEHHSI KOAryJsIliK, a TAK)KE PacCMaTpUBACTCS
OTIBIT TIPOBEJICHHUS SKCIIEPUMEHTA TS JOCTIDKEHHS eNd. B xo7e sKcrepruMeHTambHO
pa6OTI>I 6171.]'[ CACJIaH BBIBO/, YTO JId OIPECACIICHUS TOPOIra KOarysinnuu 30J11 HeO6XOILI/IMO
Oparhb peareHTHI C BRICOKUMH KOHIIEHTPAIMAMH, KaK 30JI5, TaK M AJIEKTPOIUTOB. Tak Kak
H3BECTHO, YTO MO-V CHHMII arperaruBHO yCTOWYUB.

Takum oOpa3zom, B xome pabOThl OBUI CHHTE3WpPOBaH 301b Mo-V cuHHN C
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cootHorienueM [Mo]:[V] = 90:10 ¢ ucnonp3oBaHHEM acKOPOMHOBOW KHCIIOTHI B
Ka4eCcTBe BOCCTaHOBHUTENs. Hu3Koe cojepkaHue 30JIbI U DJIEKTPOJIUTA, OCOOCHHO B
Clly4ae CTa0MIIbHBIX CHUCTEM, TaKMX KaK MOJHOJCH-BaHA/WEBAasi CUHB, JOJDKHO OBLIO
WHULUUPOBATH MOHMWKCHHYIO KOATYIIALINIO.

Jis nocTukeHus: 3HAYUTENbHBIX ((HEKTOB HEOOXOAMMBI BBICOKHE TEMIIEpaTyphl
WM U3MEHEHHs YCIOBUHM OKpyxaromeil cpens! (pH, remneparypa). [nsa 3011 Mo-V
OBUIH OTIPEICIICHBI KOHCTAHTHI OBICTPOW KOATYIISIIIUY U TIONTYHEPUO]] KOATYISIIUHN IS
KNO,: k, = 5¢10* M*/uactumaec u ® = 1563 ¢, mia KClI: k, =4-10-4 M3/yactunasc u ©
=1000 c.

KuioueBble c¢jioBa: 307b, KOATYJSIIIMS, DICKTPOJIUTHI, IMOJIMOKCOMETTANATHI,
arperaTuBHasi yCTOMUHUBOCTb.

Introduction. Colloidal systems, such as molybdenum-vanadium blue salts,
exhibit unique optical and physical properties that largely depend on their stability and
aggregation behavior. The critical concentration of coagulation is the most important
parameter determining the stability of these colloids, since it marks the threshold at
which the Van der Waals attraction overcomes the stabilizing forces, which leads to
irreversible aggregation (Berouaken, et al, 2020).

In this study, we examine the coagulation behavior of molybdenum-vanadium blue
salts by systematically changing the salt concentration and tracking changes in the
average hydrodynamic diameter over time. The initial slope of the kinetic curves is
proportional to the coagulation rate, which is small at sufficiently low salt concentrations
and increases with increasing salt concentration until it reaches its maximum in the fast
coagulation mode (Chudnovskii, 2002).

Stabilization of colloidal systems can be achieved through various mechanisms such
as charge stabilization or steric stabilization. For blue molybdenum-vanadium salts,
stability is likely mediated by a combination of electrostatic and steric forces, which can
be adjusted by the presence of certain ions or surfactants (Fei, et al, 2014). The critical
concentration of coagulation is influenced by several factors, including the concentration
and distribution of colloidal components, the salt content, and the dielectric properties
of the medium. However, the stability of these sols is very sensitive to changes in
ionic strength, pH, and other environmental factors. Understanding the coagulation
threshold — the minimum concentration of electrolyte required for rapid aggregation
of colloidal particles — is important for monitoring their stability and optimizing their
use (Navyashree, et al, 2018)

Blue molybdenum-vanadium sols are colloidal dispersions formed by reducing
the ions of molybdate and vanadate. These sols exhibit unique optical and catalytic
properties, which makes them interesting for materials science and chemistry. However,
their stability is crucial for practical applications, as coagulation or aggregation can
lead to loss of functionality. Understanding the coagulation thresholds under different
conditions provides insight into the factors affecting sol stability and allows precise
control of their behavior.

Preparation of sols. Blue molybdenum-vanadium salts were synthesized by reducing
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a solution of potassium nitrite and calcium nitrate. Analytical KNO, and KCI were used
as electrolytes to study coagulation thresholds. Before conducting an experiment on
the effect of electrolytes on Mo-V blue, sol was synthesized and salt solutions with a
volume of 100 ml, a concentration of 0.3 mol/l KNO,, 0.2 mol/l Ca(NO,), were prepared
and electrolyte solutions with a volume of 50 ml, a concentration of 2 mol/l of KNO,
and KCI. To do this, the mass of salt was determined by the formula:

m=n-M

g — where m is the mass of the substance,
M — is the molar mass of the substance,
n — is the amount of the substance. From the equation it is necessary to find the
amount of substance n according to the formula:
n=C-V

where C — is the concentration of the solution,

V — is the volume of the solution.

The pH of the sol was determined before the experiment. Water was prepared with
the same pH solution as the sol for dilution. To determine the pH of solutions, the device
must be calibrated with a buffer solution with pH =4.01 and 6.86. Before each pH meter
measurement, the device was rinsed with distilled water so that the device would get
rid of salt residue from previous measurements. Next, first release the electrode into a
buffer solution with a pH of 4.01, then into a buffer solution with a pH = 6.86. After
calibrating the device, the pH of the molybdenum-vanadium blue sol medium can be
measured. Next, hydrochloric acid 2 M is needed to prepare acidified water.

To do this, immerse the electrode in distilled water, turn on the agitator, and gradually
add hydrochloric acid to prepare the acidified water, then dilute the sol to the desired
concentrations. The sol concentration is selected experimentally in such a way that
when the absorption spectra are obtained, there is no shift of the maximum for Mo-V to
blue (738 nm) (Jiwen, et al. 2015).

Materials and Methods. Based on data from previous studies, it is known that the
MoV Salt has insufficient charge. Based on this, it was necessary to select suitable
electrolytes for the experiment. K*, Na*, and Ca*" were selected from the proposed
series of cations. Thus, as electrolytes It was assumed that sol with a dispersed phase
concentration of 0.035% undergoes coagulation at an electrolyte concentration of
less than 0.3 mol/l. For the initial study of the coagulation threshold, the following
electrolytes were selected: KNO, with a concentration of 0.3 mol/l and Ca(NO,), with
a concentration of 0.2.

The volume of sol with a concentration of 0.035 % content is 10 ml. The proportions
of acidified water and electrolyte used in the experiment are shown in Table 1.

Table 1. Compositions of sol samples for determining coagulation thresholds
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Ne 1 2 3 4 5 6 7 8 9 10

Volume of water
(acidified), ml
Volume of
electrolytes, ml

10,0 | 9,0 8,5 8,0 7,5 7,0 6,5 6,0 5.5 5,0

0 0 | 1,5 ] 20 | 25 | 30 | 35 4 45 | 50

10 test tubes are filled with 10 ml of dilute sol with a concentration of sol and water
in the volume indicated in the table. The electrolyte is injected into each tube 2 minutes
before measuring the absorption spectrum. This experiment did not yield results, so it
was decided to investigate the kinetics of coagulation and change the concentrations
of electrolytes and sol. Thus, KCI and KNO, were chosen as electrolytes, since Ca*
cations are prone to precipitating with molybdates and vanadates. The parameters for
determining the kinetic dependence are presented in Table 2.

Table 2. Concentrations of coagulation reagents

Parameter Meaning
C, e S0l Mo-V blue 0,17
C (KNO,), mol/l 0,8
C (KCI), mol/l 0,8

In this experiment, optical density was measured using a spectrophotometer over
time with minimal confidence (502 nm). Based on the data obtained, the velocity
constants were calculated using the Smolukhovsky equation (Liu, et al. 2015).

Table 3. Compositions of sol samples for determining coagulation thresholds for this experiment

Tube Number Ne 1 2 3 4 5 6 7 8 9 10

Volume of water
(acidification), ml

The volume of the el-ta, ml | 0 0,2 0,5 1,0 1,5 2,0 2,5 3,0 3,5 4.0

9 88 | 8,5 8,0 7,5 7,0 6,5 6,0 5,5 5,0

For the experiment, the samples were prepared as follows: 0.5 ml of concentrated
sol and water were added to 10 test tubes in the volume indicated in Table 3. The total
volume of the solution in each tube was 9.5 ml. The concentrations and compositions of
the electrolytes were matched in accordance with the experimental provisions.

In this experimental work, an electrolyte and acidified water were introduced into
samples with molybdenum vanadium blues at a constant concentration. After mixing
all the reagents, it is necessary to wait 10 minutes for KCI, 15 minutes for KNO.,.
Immediately after the expiration of the time, the optical density was measured at a
minimum of absorption for molybdenum-vanadium blues.

Results and Discussion. When using electrolytes of Ca(NO,), with a concentration
of 0.2 M and KNO, with a concentration of 0.3 M, the data presented in Figures 1-4
were obtained.
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Figure 1. Effect of Ca(NO,), electrolyte concentration on the absorption spectra of MoV blue
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Figure 2. Dependence of the change in optical density (502 nm) on the concentration of electrolyte
Ca(NO,),

C(KNO3), monb/n
—0
——0,005
——0,0075
—0,01
——0,0125
—0,015
—0,0175
—0,02
—0,0225
—0,025
—_—(),05

400 600

800 1000 —_—03
A, HM

Figure 3. The influence of the concentration of electrolyte KNO, on the absorption spectrum of Mo-V
blue

150



Volume 1, Number 462 (2025)

0 0.05 0.1 0.15 0.2
C (ENO3), moas/n

Figure 4. Dependence of the change in optical density in the region of the absorption minimum (502 nm)
on the concentration of electrolyte KNO,

According to the obtained results, it is possible to notice that the coagulation of the
sol does not occur at low concentrations of electrolytes. Coagulation does not occur in
the first case (Figure 1,2) because calcium nitrate does not affect the coagulation of the
Mo-V sol, since a chemical reaction can occur during interaction and a precipitate of
molybdate or calcium vanadate is formed. In the second case (Figure 3,4), it is possible
to notice that some signs of coagulation are present in the form of changes in optical
density, but since the difference in values is small, we will not consider these values.
The reason for this is the low concentration of sol and electrolyte, as well as the stability
of molybdenum-vanadium blue dispersions (Rafique, et al. 2020).

When choosing the concentrations of sol and electrolyte, the concentrations of C
sol (wt.%) = 0.035% and C (KNO,) = 0.3 M were initially selected. For the second
experiment, the concentration of C sol (wt.%) = 0.17% and the concentration of
electrolytes 2 M of potassium nitrate and potassium chloride were taken. Further, by
studying the kinetic dependence, the constant and half-coagulation time of the sol with
KNO, electrolyte were determined:

1,52

T e

1,44
14

1,36 1 ...

1,32
0 500 1000 1500 2000 2500
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Figure 5. Kinetic dependence of the change in the absorption minimum of Mo-V blue (502 nm) with

KNO

3
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Figure 6. Linearization of the kinetic dependence Mo-V sinei with KNO,

According to the graph, the constant of rapid coagulation and the time of half
coagulation were determined: k, = 5-10* m3/particle's and ® = 1563 s.

Then, after determining the time frame of the coagulation process, an experiment
was conducted to determine the coagulation threshold. For this, absorption spectra of
Mo-V blue with addition of different concentrations of KNO, were obtained (Figure
5-8).

458 558 650 750 BSD 258
A, i

Figure 7. Changes in Mo-V blue absorption spectra when adding KNO,

Coagulation threshold for sol Mo-V blue with electrolyte KNO, was S KNO, = 0.53
mol/l.

Next, the same experiment was conducted for KCI electrolyte, where the conditions
of the experiment were identical. As can be seen from the data of coagulation kinetics
(Figures 9, 10), the half-time of coagulation decreases.
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Figure 8. Dependence of optical density on Mo-V blue in the region of minimum absorption (502 nm)
of fire concentration electrolyte (KNO,)
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Figure 9. Kinetic dependence of the change in the absorption minimum of Mo-V
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Figure 10. Linearization of the kinetic dependence for Mo-V blue with KC1
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Figure 11. Changes in the absorption spectra of sols Mo-V blue with addition of KCI
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Figure 12. Dependence of the optical density of Mo-V blue in the region of the absorption minimum
on the electrolyte concentration (KCl)

As aresult of the linearization of the kinetic dependence, the following were obtained:
the fast coagulation constant and the half-coagulation time for Mo-V blue using KCl as
an electrolyte: k, = 4-10* m*/particle-s and ® = 1000 s.

Then, after determining the time frame of the coagulation process, an experiment
was conducted to determine the coagulation threshold. For this, absorption spectra of
Mo-V blue with addition of different concentrations of KCI were obtained (Figures 11,
12).

The coagulation threshold value for the studied electrolyte was 0.38 mol/l (Miras et
al. 2012, Rand, et al. 2011, Toth, et al. 2019, Velmurugan, et al. 2019, Tan, et al. 2020).

Conclusion. Thus, in the course of work, a sol Mo-V blue ratio [Mo]:[V] = 90:10
was synthesized using ascorbic acid as a reducing agent. The low content of ash and
electrolyte, especially in the case of stable systems, such as molybdenum-vanadium
blue, had to initiate reduced coagulation. Chemical interaction of electrolytes with
components of the sol (for example, the formation of precipitates) completely prevents
coagulation (Kambanuna, u ap., 2014).
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To achieve significant effects, high temperatures or changes in environmental
conditions (pH, temperature) are necessary. For sol Mo-V, the constants of fast
coagulation and half-time of coagulation were determined for KNO,: k, = 5-:10* m?/
particless and ® = 1563 s, for KCI: kb = 4-10* m*/particle's and ® = 1000 s. The
coagulation thresholds for the Mo-V blue electrolytes with KNO, S, = 0.52 mol/l and
KCI Sk = 0.38 mol/l were also obtained. During the work, it was determined that the
threshold of coagulation of the sol with the studied electrolytes is reached at a sol
concentration of 0.17 mass% and at a concentration of electrolytes of at least 0.4 mol/l
(Oduuepos, u ap., 2011, Capyenko, u ap., 2013).
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