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Investigation of the dependences of the rheology of calcium alginate solutions on concentration,
temperature and shear rate

The main problem: The rheological properties of calcium salts are of theoretical and practical interest
for a modern researcher. The theoretical interest is primarily related to the search for general patterns and
manifestations of the rheological properties of solutions of calcium salts. The practical component is based on
the search for patterns and dependencies of the properties of solutions on the structure and composition of the
object of study. Such chemicals as calcium salts are of particular practical interest, they are widely used in
various fields, such as the food, chemical and pharmacological industries. Hydrophilic high-molecular solutions
of alginates, namely calcium alginate, are actively used in the preparation of soft dosage forms, the manufacture
of jelly masses in confectionery, act as thickeners in the food industry. They are characterized by a fairly high
percentage of viscosity at low concentrations, bioavailability, prolonging effect, absence of irritating properties,
biocompatibility with many polymers, which is especially important in the pharmaceutical industry and
medicine. The use of calcium salts for these purposes is currently very promising, since these organic salts have
a number of unique properties associated with gelation.

Purpose: This paper contains the results of studying the features of the rheology of calcium alginate
solutions. A concentration range of 0.1-0.7 % was chosen for the studies, which is sufficient to avoid gelation at
room temperature. The dependence of viscosity on concentration, temperature (in the range of 25-45 °C) and
shear rate were studied.

Methods: Analysis of theoretical sources, observation, comparison of results. The rheological
characteristics of the obtained substances were studied using a capillary viscometer. The measurements were
carried out in the temperature range of 25-45°C.

Results and their significance: it was found that there is a significant dependence of viscosity on
concentration and temperature. For concentrations of 0.3 — 0.7 %, a similar type of dependence is observed, in
contrast to solutions with a concentration of 0.1 % . Explanations of these dependencies were proposed.

Keywords: calcium alginate, solution, viscosity, rheology.

Introduction

The chemistry of macromolecular compounds has recently been of particular interest due to its rapid
development and active use in various industries. It gets the greatest application in food and pharmacological
directions. How to do it correctly, solutions of high molecular weight compounds are stable systems, which,
however, can break their stability under certain conditions. This can lead to salting out, gelling, coacervation or
gelation [1]. It should be noted that the ability to gel, as a rule, is due to the fact that alginates are
polyelectrolytes, which explains their high water-holding capacity. In a solvent (usually water), the iogenic
groups of polyelectrolytes dissociate to form charged units and low molecular weight counterions. Likely
charged links of the polymer network repel each other, in connection with which, the chains, initially rolled into
balls, are strongly stretched. Thus, the gel swells, significantly increasing in size and absorbing water [2].

The feature of the rheology of calcium alginate can be considered as a feature of the manifestation of its
structure in aqueous solutions, in which a complex multilevel system is formed, which is of interest to the
researcher. Like the majority of actively used high molecular weight compounds, its structure is fairly well
established. It is a crystalline calcium salt of alginic acid with the chemical formula C,,H140,,Ca [3].

Calcium alginate has the number E404 and is included in the list of food additives allowed for use in the
food industry in Kazakhstan as an adjuvant. As a rule, the industry produces water-soluble versions of alginates,
a characteristic feature of which is the ability to form viscous solutions, due to which they are widely used as
thickeners. A distinctive feature of calcium alginate is the neutrality of its effects on the body. Unlike most
alginates, it has no aftertaste, odor and does not disturb the balance of calcium salts in the body by binding and
excreting calcium from the body [4]. It is generally accepted that the ability to gel in solutions of calcium salts is
due to the following mechanism: the conformational transition "spiral - coil" during cooling of an aqueous
solution of calcium alginate, where the molecules are distributed homogeneously. When a suitable polymer
concentration is reached, a macroscopic gel (three-dimensional network) is created, while at an insufficient
concentration, local aggregates and individual macromolecules are formed. The density of crosslinking and the
formation of a three-dimensional network of the gel is determined by the final concentration of calcium salts,
which have successfully passed into solution [5]. Also, there are methods to shorten the structuring time of
calcium alginate. The so-called methods of "internal gelling", in which cross-linking agents are introduced into
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calcium alginate, for example, insoluble salts of sodium and sparingly soluble carboxylic acid [6]. As a rule, the
process of dissolution of a high-molecular compound occurs in 2 stages, which can be seen in Scheme 1 [7].

Unlimited swelling.

1. Swelling. Spontaneous transition from
The process of complete absorption by swelling to dissolution.
high-molecular compounds of large
volumes of low-molecular-weight liquids
of a spontaneous nature. Accompanied
by a significant increase in volume.
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The transition from swelling to
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v .| example, an increase in temperature.

2. Dissolution.
Diffusion of molecules of a high-
molecular compound into a solvent.

Scheme 1 — Stages of dissolution of high molecular weight substances.

The three main parameters that determine and limit the solubility of calcium alginate in water are: « The
pH value of the solvent. Affects the reactivity of acid residues, leading to the formation of an "alginic acid gel" *
lonic strength of the solution. Determines the salting-out effects of those cations that are non-gelling. It has a
great influence on the distribution of the polymer chain of alginate, which affects its solubility. ¢ Solubilization
of alginates. Limits the environment of gelling ions. Caused by the "hardness” of the water. Solutions of high-
molecular compounds lose their stability under certain conditions, which is shown in Scheme 2.
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Scheme 2 — Types of instability of solutions of high-molecular compounds and factors influencing it [8].



102 Hunosayusinvix Evpazus yuusepcumemininy Xabapwwicer. 2021. Ne 3 1SSN 2709-3077

Materials and methods

In this work, we used soluble calcium alginate of analytical grade (manufactured by Titan Biotech,
India). For the analysis, a finely dispersed fraction was used, for which the weighed portion was pre-sieved
through a set of sieves [9]. The particle size was in the range 0.11 - 0.19 mm. The concentrations of the solutions
selected for the study provide stable gelation at temperatures from 25 °© C. The concentration of solid gel
formation is 1.5 — 2 % [10]. Based on this fact, the upper concentration value was chosen 0.7 %, since this
concentration allows the viscosity to be measured using a capillary viscometer. At a higher concentration, the
solution loses its fluidity. The lowest concentration - 0.1 % was also chosen on the basis of literature data
confirming that solutions with a concentration of less than 0.1 % are viscous Newtonian liquids [11]. Solutions
with a concentration of 0.1; 0.3; 0.5; and 0.7 % were prepared according to the well-known method [12]: the
weighed portion was poured with a certain amount of distilled water (pH 5.6 - 5.8) with continuous stirring on a
magnetic stirrer. This mixture was mixed for 5 minutes, then left for a day, 7 or 30 days. After the required time
elapsed, the resulting mixture was heated in a water bath and brought to a boil on an electric stove. Then the
resulting solutions are cooled naturally for several hours. The rheological characteristics of the obtained
substance were carried out on a capillary viscometer. The measurements were carried out at three temperatures
of 25, 35, and 45°C. The choice of the lowest temperature is based on the information that stable gelation of
calcium alginate occurs at a temperature of 25°C [10]. The shear rate was controlled by changing the capillary
diameter of the viscometer.

Results

The most important property that was evaluated in the first place was the structural completeness of the
solutions. Based on the fact that the process of hydration interaction of water on most of the polymer
macromolecule can be quite long and not end in a day, it was decided to conduct additional research a week and
30 days after its preparation and cooling. The curves shown in Figure 1 illustrate the greatest changes exactly
one month after preparation, especially for more concentrated solutions. This confirms the assumption that the
processes of internal organization in calcium alginate solutions are a long-term process. In this connection, all
other studies were carried out with solutions that had a period of at least a month.
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Figure 1 — Changes in the rheological properties of calcium alginate over time.

Discussion

The rise in complex viscosity shown in Figure 1 is primarily due to the formation of a gel structure. The
dependence of viscosity on concentration, which shows significant changes in the characteristics of solutions at
different shear rates, is shown in Figure 2. Of particular interest in this graph is the 0.3% point. This confirms the
idea of interparticle interactions in the creation of a homogeneous organization. A direct linear dependence is
observed only for a shear rate of 1000 s-1. Thus, with the help of the graph, it is possible to confirm the theory
of uneven destruction of the polymer structure at different shear rates. After analyzing the data obtained using
the viscometer, it is possible to note the following. At a temperature of 25 - 33 © C and at a shear rate of 300 s-1,
the dependence is polyextremal, the maximum is observed at a concentration of 0.3 %, and then linearly
increases, rising with concentration.
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Figure 2 - Dependence of the difference of solutions on concentration for different shear rates (s-1).

From the data obtained, it can be concluded that each range of polymer concentrations can be
considered as an independent rheological system. An explanation of this behavior of high-molecular compounds
is given by R.D. Fogelson and E.R. Likhachev in the article for the journal of theoretical physics. This is due to
the presence of special critical temperature regions. In particular, for calcium alginate solutions, such areas are a
temperature of 45-35°C. This explains the nonlinearity of the temperature dependence in the range of 25-45°C.
With an increase in concentration, a greater number of organizations of calcium alginate molecules also appear,
as mentioned above. Thus, a conclusion is made about the nonlinear interactions of shear rate, temperature and
concentration.

Conclusion

When analyzing literature data, as well as research results, we can conclude the following: 1. From the
point of view of rheology, calcium alginate solutions are complex multilevel structural organizations. 2. Features
of the structure of polymer solutions depend on their concentration, temperature and concentration of solutions.
3. The destruction of the polymer structure in solutions occurs unevenly at different shear rates.
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C.C. Kapnoa'*, A K. Ocnanosa’
"MuHoBaIMATBIK Eypasus ynusepcuterTi, Kasakcran

Kanbumii anbruHaTsl epiTinainepi peoiorusicbIHbIH KOHIEHTPALUMAFa, TeMIlepaTypara
JK9He BIFBICY JKbIJIAAMABIFBIHA TOYEJIriH 3epTTey

Kanbuuii Ty3#apbIHBIH PEOJIOTHSIIBIK KaCHETTEepl Ka3ipri 3aMaHFbl 3epTTEYIli YIIiH TEOPHSUIBIK JKOHE
MIPAKTUKAJBIK KBI3BIFYIIBUIBIK TYABIpaabl. TEOpHSIBIK KBI3BIFYIIBUIBIK, €H aJIIABIMEH, KaJdbLUH Ty31apsl
epITIHAIEPIHIH PEOIOTHUSIIBIK KACHETTEPIHIH JKaJIIbl 3aHIBUIBIKTAPEI MCH KOPIHICTEPIH i3eyMeH OalIaHbICTHL.
[MpakTUKaJbIK KOMIIOHEHT EpITIHAIEp KacHeTTepiHIH 3epTTey OOBEKTICIHIH KYpBUIBIMBI MEH KypambIHa
TOYENIIIri MEH 3aHIbUIBIKTAPBIH i3/ieyre Herizaenred. Kanbiuid Ty3napbl CHUSIKTHI XUMHSJIBIK 3aTTap €peKIle
MPaKTHKAJIBIK KbI3BIFYIIBUIBIK TYIBIPAJbI, OJNap TaMak, XUMHsS KoHe (HapMaKOJIOTHSIIBIK WHIIYCTPHUSI CHSKTHI
OpTYPJIi canayiapAa KeHiHeH KOJIaHbUIaabl. AJIbTHHATTAPAbIH TUAPOQHIIB/I )KOFAPBI MOJIEKYJIANBIK €piTiHALIepI,
aTam aiiTKaH[a KaJbI[Mid aJTMHATHI, )KYMCAK A9pLITiK (hopMaiapasl JalbIHAAYAd, KOHIUTEPIIIK OHIMICPIES Keje
MaccanapblH OHIIpyJe OeJceH/i KOJIaHbUIaIbl JKOHEe TaMaK ©OHEPKACiOiHAE KaJbIHAATKBILI PETIHIE SpeKeT
ereni. Omap TeMeH KOHIUEHTPALMSANAFbl TYTKBIPIBIKTHIH JKOFapbl MaWbI3bIMEH, OMOXETIMIUIriMeH, y3aKka
CO3BUIATBIH  9CEPIMEH,  TITIpKEHMIPTIII  KACHETTEpiHiH  OONMaybIMEH, KONTereH  IOoJHMepiiepMeH
OMOKETIMALTITIMEH epeKIIeIeHel, Oy acipece (papMaKoOJIOTHSIIBIK cajiaa jKoHe METUIIMHATa MaHBI3IBL. OChl
MaKcaTTap YUIH KaJbIWil TY3apblH KOJJIaHy Ka3ipri yakbITTa ©Te MepCIeKTHBANIbI, OHTKEeHI OyJI OpraHuKalbIK
TY34ap relb TY3iTyiHe OaiilaHBICTHI OipKaTap epeKIlne KacHeTTepre ue.

Byt )kymBICTa KaJdbIHM{ aNTHHATHI €piTIHAUIEP] PEOJOTHACHHBIH €PEKIISTIKTEPIH 3ePTTey HOTHKENIepi
6ap. 3eprrey xyprizy yurn 0,1-0,7 % KoHIEHTpalMs AUANa30Hbl TAHIAIABI, Oy OeyiMe TeMIepaTypachiHaa
relb TY3UTyiHe oa OepMmey YIIiH KeTKimikTi. TyTKBIpIBIKTBIH KOHIICHTpalMsara, Temmeparypara (25-45 °C
apajbIFbIHIA) XKoHE BIFRICY KBUTIaMIIBIFBIHA TOYEIUIIT] 3ePTTEN .

TeopusiiblK  AepeKke3nepal Tanjay, Oakpuiay, HOTHXKEJIEPHl CajbICThIPy. AJIBIHFaH 3aTTapiblH
PEOTOTHSAJIBIK ~CHUMIATTaMAJIAPBIH  3epTTey KamWULAPIBIK BHCKO3MMETpAE JKyprisinmi. ©Ommey 25-45 °C
TeMIIepaTypa AMANA30HbIHAA JXYPri3indi. TYTKBIPIBIKTHIH KOHIEHTPAIMs MEH TEMIIepaTypara ToyeJaiiri 6ap
exeHniri aseikTanabl. 0,1-0,7 % xonmenTpanwmsicel yiriH 0,1 % KOHIEHTpanusachl 0ap epiTiHaiIepre KaparaHaa
yKcac Tayesulik Typi Oaiikanans! . Ocbl TOyeNALTIKTEp iR TYCIHIipMeTepi YChIHBIIIBI.

Tyt ce3nep: KanbLUi allbTUHATHI, €PITIH/I, TYTKBIPJIBIK, PEOJIOTHSL.
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HccnenoBanne 3aBMCHUMOCTell PeoJIOTHH PACTBOPOB AJIbIMHATA KAJAbIHA OT KOHIEHTPALMH,
TeMIepaTypbl H CKOPOCTH CABHIa

Peonoruueckue cBoicTBa Coel KaabLus MPENCTABISIOT TEOPETUUECKUN U PAKTUIECKUN HHTEpEC I
COBPEMEHHOI'O HcClenoBaressi. TeopeTHUeCKnii HMHTEpPEC CBSI3aH C IOMCKOM OOIIMX 3aKOHOMEPHOCTEH W
MIPOSIBJICHUI PEOJIOTMUECKUX CBOICTB pacTBOPOB cosiel Kanblus. [IpakTuueckas jke cocTaBislIollas OCHOBaHA
Ha MOUCKE 3aKOHOMEPHOCTEH M 3aBUCHMOCTEH CBOMCTB PacTBOPOB OT CTPOEHMSI M COCTaBa OOBEKTa M3Y4EHHS.
Takue XUMHUYECKHE BEIECTBA, KaK COJM KaJlbLUs BBI3BIBAIOT OCOOBIN MPaKTHYECKHH HHTEPEC, OHH IIUPOKO
NPUMEHSIOTCS B Pa3IMYHBIX OOJIACTSX, TAKMX KakK IMUINEBas, XMMUYECKass M (apMaKoJIOTHUecKas HMHAYCTPHH.
I'uapodmiibHBIE BBICOKOMOJIEKYJISIDHBIE PACTBOPHI QJIBI'MHATOB, a HMMEHHO ajbTWHATa KaJbLUs, AKTHBHO
NPUMEHSIOTCS B IPUTOTOBJIICHMM MSTKHX JIGKAPCTBEHHBIX ()OPM, M3TOTOBJICHUHM IKEJIEHHBIX Macc B
KOHJIUTEPCKOM JieNle, BBICTYMAIOT B KAa4eCTBE 3aryCTHTENEH B MUINEBONH MPOMBINUIEHHOCTH. OHU OTIMYAIOTCS
JOCTaTOYHO  BBICOKMM  TPOIEHTOM  BSA3KOCTH NP  HHU3KHX  KOHIEHTpPAanWsAX, OMOJOCTYITHOCTBHIO,
MPOJIOHTUPYIOMHUM 3()(HEKTOM, OTCYTCTBHEM pa3pa’karolINX CBOWCTB, OMOCOBMECTHMOCTBIO CO MHOTHMH
MOJMMEPAaMH, 9TO OCOOCHHO BaKHO B (papMaKOJIOTHMYECKOW MPOMBIIMIIICHHOCTH M MEIUIMHE. Vcnonb3oBaHue
JUISL 9THX IIeIel coJiel KaJbLus B HACTOSIIEE BPEMs OUEHb IIEPCHEKTHBHO, MOCKOIBKY 3TH OPTaHUYECKHUE COIH
00J1a1a10T PSIIOM YHHKAIBHBIX CBOMCTB, CBS3aHHBIX C TeIe00pa30BaHUEM.

B naHHOH cTaThe comepikaTcsl pe3ynbTaThl U3YUYEHHUS OCOOCHHOCTEH PEOJIOTHH PAacTBOPOB abIMHATA
Kajblms. s mpoBeneHUsl MCCleAOBaHHMN ObUT BHIOpaH muama3oH kourentpamuii 0,1-0,7 %, uto sBusercs
JOCTaTOYHBIM IS HW30eraHus rejeoOpa3oBaHusi INpU KOMHATHOW Temmneparype. bbuiM uccieqoBaHbI
3aBHCHUMOCTh BSI3KOCTH OT KOHIICHTpALUH, TeMIepaTypsl (B uHTepBaie 25-45 °C) u ckopocTu cBuUTA.

ABTOpaMM TNPUMEHEH aHaJH3 TEOPETUYECKUX HCTOYHHKOB, HAOIIOACHUE, CPaBHEHHE pPE3yJIbTaTOB.
M3yueHne peoJOTHYECKUX XapaKTePUCTHK IIOJYYCHHBIX BELIECTB INPOBOAMINCH Ha KaNMUIIPHOM
BUCKO3UMeETpE. 3MepeHus: poBOAWINCE B [uana3zoHe teMmneparyp 25-45 °C. beuia ycTaHoBiIeHa 3HaUUTEIbHAS
3aBUCHMOCTh BSI3KOCTH OT KOHLEHTpauuu M Temmeparypsl. s konumeHtpaumuit 0,3-0,7 % nabmromaercs
CXOJHBIA BHJ] 3aBHCUMOCTH B OTIMYHE OT PacTBOPOB ¢ KoHneHTpanuei 0,1 %. bpum npeanoxeHs! 00bsICHEHNUS
JAHHBIX 3aBHCHMOCTEH.

KiroueBsle citoBa: albruHaT KadbIus, PACTBOP, BSI3KOCTh, PEOJIOTHSL.
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