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Development of drilling muds based on anionic and nonionic polysaccharides

The present article is devoted to development of new drilling muds based on anionic (gellan, xanthan) and
nonionic (starch) polysaccharides. The results of DSC and viscometric and rheological measurements: of
gellan, mixtures of gellan — xanthan and gellan-corn starch in absence and presence of NaCl, KCl, MgCl,,
CaCl, and bentonite are presented. The influence of temperature, pH medium, concentration of polysaccha-
rides and salts on the rheological characteristics and conformational transitions of gellan, gellan-xanthan and
gellan-starch mixtures was studied. The rheological behavior of 0.2—1.0 wt.% gellan solutions at various tem-
perature, pH medium and content of NaCl, KCl, MgCl,, CaCl, and bentonite is well described by Ostwald—de
Waele and Herschel-Bulkley equations. The coil-helix conformation and sol-gel phase transitions of gellan
induced by temperature, salt addition, and pH are key factors to design of drilling muds. Model experiments
show that the gellan in combination with xanthan and starch are effective agents to stabilize borehole walls
and isolate water inflow. Effective drilling muds based on gellan-starch and gellan-xanthan-starch mixtures in
the presence of bentonite and KCl were obtained. The formulated recipes can be used for drilling of wells at
unfavorable geological conditions.
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Introduction

Low acyl gellan (LAG) which is produced by the bacterium Pseudomonas elodea consists of a
tetrasaccharide repeating unit of D-glucose, D-glucuronic acid, D-glucose, and L-rhamnose [1, 2]. The re-
view of Morris et al. [3] comprehensively considers the structure, rheology, gelation, topology, and applica-
tion aspects of LAG. The coil-helix conformational and sol-gel phase transitions of LAG gums induced by
temperature, salt addition, pH change and etc. were the main subject of many studies [4, 5].

It is commonly accepted [1; 2; 6] that LAG gum exhibits a conformational change from the disordered
state (single chain) to the ordered state (double helix) induced by temperature decrease, while the gelation is
considered to be mediated by the double-helix formation and the association of such helices, which is en-
hanced in the presence of mono- and divalent alkaline and alkaline earth cations [7, 8]. The main difference
between the monovalent and divalent cations is that the monovalent cations shield the electrostatic repulsion
between the -COO™ while the divalent cations rather suppress electrostatic repulsion and form interchain ion-
ic bonds with carboxylic groups of the glucuronic acid units resulting in the aggregation of the double heli-
ces [9].

The sol-gel technology is an effective tool to design materials with unique chemical, physical and me-
chanical properties: Transformation from sol to gel state proceeds with increasing of either concentration of
disperse phase_or under the action of external factors (concentration of polymer, temperature, time, pH me-
dium, ionic strength etc.).

Natural polysaecharides like starch, carboxymethyl cellulose, xanthan and others are widely used in
formulation-of low-clay-content and clay-free polymer drilling fluid for drilling of vertical and lateral wells
[10—12]. However, the high price, low thermal and microbiological stability significantly limit the applica-
tion.of polysaccharides for drilling muds [10].

Earlier [13—15] we have demonstrated for the first time that the LAG solution can be successfully used
for enhanced oil recovery. The remarkable property of LAG was plugging of high drainage channels in oil
TEServoirs.

The idea of using LAG as key component of drilling muds is based on its ability to undergo the con-
formational and phase transitions under the influence of temperature, low molecular salt additives, and pH
medium. This should ensure the effective capacity of LAG containing solutions to strength the walls of the
well by forming polymer-clay filter cake, to control the adsorption of water and clean the down hole from
cuttings.

In the present paper the viscometric, rheological, conformational and phase behavior of LAG and LAG-
xanthan mixtures at various concentrations of polysaccharides, salt content, temperature and pH are investi-
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gated. Based on these studies novel LAG-containing drilling muds with good rheological, filtration and cake-
formational characteristics have been developed.

Experimental part

Materials

LAG is an anionic extracellular bacterial polysaccharide discovered in 1978 [8]. It consists of repeated
tetrasaccharide units: 1,3-linked B-D-glucose, 1,4-linked B-D-glucoronic acid, 1,4-linked B-D-glucose, and
1,4-linked a-L-rhamnose.

Xanthan gum is also a microbial exopolysaccharide produced by bacterium Xanthomonas campestis
[16, 17]. It consists of repeated pentasaccharide units composed of two D-glucopyranosyl units, two
mannopyrasonyl units and D-glucopyranosyluronic acid in the molar ratio 2.8:2.0:2.0

Corn starch is commercial product was purchased from «Jarkent corn-molasses plant»{(Almaty region,
Kazakhstan). Structural formula of corn starch is shown in [18].

Low molecular weight salts: NaCl, KCI, CaCl, MgCl, and bentonite (Na, Ca)y;(Al,
Mg),Si40,0(OH), nH,0 purchased from JSC «Reactiv», Russia, were used without further purification.

Methods

The viscosity of aqueous LAG solutions was measured by Ubbelohde viscometer at25%0.1 °C. The
rheological behavior of polysaccharide solutions was monitored with the help of Rheolab QC, Anton Paar
(Austria). The approximation of results was performed by Ostwald—de Waele and Herschel-Bulkley models
to find the rheological and conformational characteristics (shear stress — Ty, plastic viscosity — M, con-
sistency index — K and nonlinearity factor — n). The DSC and dDSC characteristics of samples were de-
termined with the help of DSC Eva Setaram (France). Static shear stress (SSS) measurement was performed
by means of the instrument SNS-2 (Russian Federation) [10; 19]. Water yield of the drilling muds (WY) was
determined by VM-6 instrument (Russian Federation) [19]. The thickness of the filter cake (8) was measured
by the instrument WIKA IV-2 (Russian Federation).

Result and discursion

Thermal and storage stability of LAG [20]

Figure 1 represents the DSC and dDSC curves of LAG within temperature range from —30 to 300 °C.
DSC curve shows the endothermic peak at 95 °C with melting enthalpy —264.5 J-g™'. The second endother-
mic peak at 251.1 °C corresponds to LAG 'decomposition temperature — LAG enthalpy of which is equal to
98.99 J-g"'. Thus, LAG is thermally stable polysaccharide, which in solid state melts within the temperature
interval at 31-178 °C.
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Figure 1. The results of DSC and dDSC analysis Figure 2. The intrinsic viscosity of LAG solutions
of LAG versus storage time pH = 6.4; T =25 °C

One of the main requirements to drilling muds is the stability of rheological characteristics versus time.
Especially it concerns to polysaccharides, which are able to undergo biodegradation [11, 12,19]. In this re-
gard, the viscosity of LAG solutions was studied as a function of storage time. As seen from Figure 2 the
viscosity of LAG in concentration range of 0.2-0.5 wt.% decreases up to 15-18 % after 4 days, while the
further slightly changes of the viscosity (during the following 30 days) are within the limits of experimental
error and may be considered as constant.
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Influence of pH medium on rheological behavior of LAG and LAG-xanthan solutions

Influence of pH on the rheological behavior of LAG was studied for 0.5 and 1 wt. % LAG solutions
(Fig. 3a). The maximal value of shear stress is registered at pH = 7.5. The subsequent increase of pH leads to
decrease of the shear stress due to increasing of the ionic strength of solution [20]. The shape of all flow
curves is characteristic for pseudoplastic fluid that is common for gel forming structures [21].

Flow curves of LAG-xanthan solutions (Fig. 3b) significantly differ from the flow curves of LAG. All
flow curves of LAG-xanthan solutions are located in the area of anomalously low shear stress. The average
ratio of the shear stress values for solutions of LAG and LAG-xanthan mixture (1:1) with the same shear rate
equal to 2.5. Besides the effect of ionic strength at pH above 7.5 is minimal or absent. Such anomaly behav-
ior of LAG-xanthan solutions is apparently caused by the formation of interpolymer complexes.(IPC) be-
tween macromolecules of LAG and xanthan.

0 20 40 60 80 100 0. 20 40 60 8 100
v, 5€C" Y, sec™!

Figure 3. Shear stress versus shear rate curves of 1 wt.% LAG (a)
and LAG-xanthan (1:1) () solutions at different pH values; 7=25 °C

For detailed analysis of flow curves of LAG and LAG-xanthan solutions shear stress- shear rate de-
pendences were processed by Shvedov-Bingham (1), Ostwald-de Waele (2) and Herschel-Bulkley (3) equa-
tions [22]:

T=TotM XY, (1
T=Kx7} (2)
T=To+ KXY, 3)

where T — shear stress; Y — shear rate; Ty — yield point; K — consistency index; » — nonlinearity factor.
Correlation coefficient R was:used to match the curves with their corresponding models, R* in ideal case
should be equal to unity.-The results are shown in Tables 1 and 2.

Table 1
The rheological characteristics of LAG and LAG-xanthan solutions at different pH,
1 wt.% total polysaccharide concentration and 25 °C
LAG xafithan ' Rheo.logi'cal pargrpeters of Herschel—Bulkl'ey equatiop . _
pH Weight ratio after 1 min of solution immobility ; after 10 min of solution immobility ;
To, Pa K, Pa-s n R 1o, Pa K, Pa-s n R
9.5 1/0 0 8.837 0.322 0.995 0 13.092 0.257 0.998
8.5 1/0 0 5.414 0.414 0.996 0 13.173 0.262 0.998
7.5 1/0 0 11.309 0.322 0.999 0 17.5.49 0.253 0.998
6.5 1/0 0.223 0.009 1.138 0.987 0.127 0.158 0.911 0.797
9.5 1/1 0.823 5.821 0.219 0.996 1.973 6.13. 0.216 0.997
8.5 1/1 0.779 5.739 0.226 0.997 0.341 7.528 0.195 0.997
7.5 1/1 1.637 5.285 0.249 0.996 0.384 7.386 0.204 0.997
6.5 1/1 3.862 0.144 0.617 0.988 0 2.273 0.230 0.992
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Table 2
The rheological characteristics of LAG and LAG-xanthan solutions at different pH,
1 wt.% total polysaccharide concentration and 7=25 °C
LAG/xanthan . Rheolqgicgl parar'n.eters of Ostwald—de Wae'le’ equatiQn . _

pH weight ratio after 1 min of solution immobility , after 10 min of solution 1mm0b111t};

K, Pas n R K, Pa-s n R
9.5 1/0 5.654 0.411 0.968 7.241 0.367 0.970
8.5 1/0 4.605 0.448 0.991 7.420 0.368 0.970
7.5 1/0 7.50 0.394 0.988 11.359 0.330 0.984
6.5 1/0 0.053 0.768 0.982 0.012 0.983 0.708
9.5 1/1 6.642 0.201 0.996 8.072 0.179 0.996
8.5 1/1 6.513 0.208 0.996 7.873 0.189 0.996
7.5 1/1 9.851 0.102 0.875 7.769 0.197 0.997
6.5 1/1 2.944 0.161 0.972 1.234 0.336 0.969

As seen from Tables 1 and 2, the flow curves of LAG and LAG-xanthan solutions at pH 7.5, 8.5 and 9.5
are described in the best way by Herschel-Bulkley model, which takes into account the yield stress character-
istic of the gelling systems. At pH 6.5 the flow curves of LAG and LAG-xanthan solutions are poorly de-
scribed by the equations 1-3. The appearance of yield stress (T,) for flow curves of LAG solution at pH 6.5
and LAG-xanthan solution in the range of pH 6.5-9.5 confirms the gelation of the system [23]. This is prob-
ably due to participation of polysaccharides in complexation reaction. The difference in consistency index of
LAG and LAG-xanthan solutions after 1 and 10 minutes of immobility is indicated on the thixotropic behav-
ior of polysaccharide systems. Thixotropic phenomenon is more pronounced for LAG solutions, that is fa-
vorable for suspending of drilled cuttings [21].

Temperature dependent rheology of polysaccharides

Comprehensive information on the rheological properties of LAG, xanthan and LAG-xanthan mixture
as a function of temperature and salt content is necessary to predict the behavior of drilling muds. In this re-
gard, shear stress-shear rate dependences of polysaccharide solutions at different temperatures and salt con-
centrations were analyzed using the equations describing the flow curves of Newtonian and non-Newtonian
fluids.

The shear stress-shear rate curvesof 0.5 wt.% LAG solution registered at temperature interval between
25 and 55 °C show the pseudoplastic behavior (Fig. 4a). Newtonian flow of LAG solution is observed at 60—
70 °C. Step-by-step transformation of LAG solution from pseudoplastic behavior to Newtonian may be ex-
plained by «melting» of double stranded structure of LAG and formation of LAG macromolecules in random
coil conformation at higher temperature [3].

T

Figure 4. The shear stress-shear rate curves of 0.5 wt.% LAG (a), xanthan (b)
and LAG-xanthan (2:1) (¢) solutions at the interval of temperature 25—70 °C

In the temperature range 25+40 °C the 0.5 % xanthan solutions are typically viscoelastic fluids. At the
interval of 40+65 °C the gradual transition from viscoelastic flow to pseudoplastic flow is observed. The
mixture of LAG-xanthan throughout the temperature range behaves like a pseudoplastic fluid, further having
a yield stress at <50 °C. Such behavior 0.5 % solution of LAG-xanthan mixture (2:1) is probably due to
formation of IPC.
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Influence of salts on rheological behavior and gel formation of polysaccharides [20]

Oilfield water may participate in the formation of a filter cake on the surface of the borehole wall con-
tacting with drilling fluid. This process may occur even in the case of clay-free drilling muds by the hydrogel
formation of a filter cake on the well surface. This is particularly actual in the conditions of high permeabil-
ity and fracturing the rock [21].

The viscometric measurements were performed with 0.2 wt.% LAG solution because the reduced vis-
cosity of 0.5 wt.% LAG is extremely high and difficult to measure. Dependence of the reduced viscosity of
0.2 wt.% LAG on the ionic strength of the solution adjusted by addition of BaCl,, CaCl,, MgCl, and oilfield
water with the salinity 73 g-L"' is shown in Figure 5. According to viscometric data the effectiveness of salts
to enhance gelation changes in the following order: BaCl, > CaCl, = MgCl, > oilfield water. This:order is in
good agreement with the results found for LAG by the authors [24].
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Figure 5. Dependence of reduced viscosity of 0.2 wt:% LAG on the ionic strength of the solution
adjusted by addition of oilfield water with the salinity.73 g-L'1 (1), CaCl, (2), BaCl, (3), MgCl, (4).
Arrows show the start of the gelation process. Temperature is 25 °C

Dependences of shear stress versus shear rate for LAG and LAG-xanthan solutions in the presence of
NaCl, KCl, CaCl1,, MgCl, and oilfield water are shown in Figure 6. Increasing of shear stress as a function of
shear rate follows by the order: Oilfield water > CaCl, > MgCl, > KCI > NaCl (Fig. 6a).

a)

Figure 6. The shear stress-shear rate curves of 0.5 wt.% LAG (a) and 0.5 wt.% LAG-xanthan (2:1) solutions (b) at the
ionic strength p = 0.01 adjusted by addition of NaCl (1), KCI (2), MgCl, (3), CaCl, (4) and oilfield water (5)

This sequence is in good agreement with the effectiveness of salts to enhance LAG gelation. It is seen
that the effect of oilfield water is more substantial compared to solutions of individual salts. This may be due
to combined effect of alkaline and alkaline earth metal ions with respect to coil-helix conformation of LAG.
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In case of LAG-xanthan (2:1) mixture, the shear stress increases in the sequence: CaCl, > KCI > NaCl >
> MgCl, (Fig. 6b). Changes in the rheological behavior of solutions during the transition from a LAG to
LAG-xanthan mixture (decrease values Ty, the transition from viscoelastic to the pseudoplastic flow), are
apparently due to the formation of ternary complexes such as LAG-xanthan-Me” "

Influence of dispersed phase on the rheological behavior of LAG solutions [20]

Evaluation of the influence of bentonite on rheological characteristics of LAG solution is necessary for
simulation of drilling mud ability to carry up the cuttings from the bottom hole of the well to the surface. In-
fluence of dispersed phase on the rheological and conformational characteristics of 0.5 wt.% LAG solutions
in the presence of bentonite was studied by rotational viscometry. The obtained results are summarized in
Table 3. The values of correlation coefficient (R”) show, that the model of Ostwald-de Waele good describes
the rheological behavior of LAG solution and the colloid-dispersed systems LAG-bentonite excepting for 8
wt.% of bentonite concentration.

Table 3
Rheological parameters of 0.5 wt.% LAG solutions in the presence of bentonite at 25 °C
Rheological parameters of Ostwald—de Waele equation
Chentonites 70 pH after 1 min of solution immobility after 10 min of solution immobility
K, Pa-s n R K, Pas n R
0 6.34 0.371 0.829 0.958 0.43 0.739 0.968
2 9.94 8.038 0.243 0.997 9.69 0.242 0.999
4 9.97 9.754 0.218 0.992 11.36 0.263 0.986
6 10.01 10.781 0.288 0.989 12.38 0.247 0.964
8 10.05 11.445 0.298 0.972 9.50 0.192 0.693

Rheological parameters of LAG/xanthan mixture were determined in presence of bentonite and KCl. As
seen from Table 4, the rheological behavior of disperse systems obeys Ostwald-de-Waale’ equation. The op-
timal values of K and n were obtained for therations 1/1; 1/2 and 1/4. For the compositions 1/0, 2/1 and 4/1
the value of n>0.3, this worsens the flowing properties of the solutions [21].

Table 4

Rheological parameters of 0.5 wt.% LAG-xanthan mixtures
in the presence of 1,5 wt.% bentonite and 1 wt.% KCIl at 25 °C

Rheological parameters of Ostwald—de Waele’ equation
LAG/xanthan pH after 1 min of solution immobility after 10 min of solution immobility
weight ratio
K, Pa‘s n R’ K, Pa‘s n R’
1/0 9.9 4.482 0.238 0.968 3.273 0.322 0.960
1/1 9.2 2.780 0.268 0.978 3.293 0.226 0.994
1/2 9.7 2.731 0.235 0.998 1.779 0.499 0.978
1/4 9.1 3.123 0.206 0.994 3.719 0.161 0.986
2/1 9.2 2.301 0.335 0.830 2.303 0.279 0.887
4/1 9.1 1.357 0.344 0.949 1.539 0.331 0.958

Properties of Drilling Muds

On the basis of obtained results several drilling formulations were prepared by selecting the different
concentration and composition of polysaccharides with and without addition of bentonite and/or KCl. The
structural-mechanical, filtration and filter cake forming properties of these compositions are summarized in
Table 5.
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Table 5
Characteristics of drilling muds obtained on the basis of polysaccharides, bentonite and KCl
Composition of DM* wt.% Characteristics of DM
bM LAG | Starch | Xanthan | Bentonite KC1 pH |p, g sm’ Neel> S€C | WY, sm’ 8, mm SSS (11/535510
1 0.4 3 0 1 3 10 1.04 41 4 0.2 2.7/3.3
2 0.4 3 0 2 1 10.1 1.04 40 3 0.4 3.1/4.2
3 0.4 3 0 1 0 10.2 1.04 40 4 0.5 3.0/4.5
4 0.34 0 0.1 1.75 0.05 9.8 1.02 36 5.6 0.5 2.5/2.9
5 0.25 0.75 0.1 0.5 0 11 1.01 29 10 0.2 0.6/0.6
6 0.17 0 0.33 0.5 3 9.4 1.02 30 10 0.5 1.6/1:6
7 0.17 0.5 0.33 1 3 9.6 1.03 35 10 06 3.0/7.0
8 0.17 1 0.33 0.5 3 9.5 1.02 30 10 0.5 1.7/1.6
9 0.15 0 0.45 3 9.8 1.03 39 10 0.5 3.5/2.8
10 | 0.13 0 0.37 1 2 9.7 1.01 41 10 0.5 2.8/2.7

Note: * The rest — water.

Analysis of the data shows that the samples 1-3 at LAG/corn starch ratio ‘around of 1:7 possess good
structural-mechanical and filtration characteristics. The thickness of filter cake may be increased by adding
2 wt.% of bentonite or deleting KCl from the mud composition.

The samples 4, 6, 9 and 10 exhibit good filter cake forming and filtration properties but not good thixo-
tropic characteristics because SSS¢/SSS; < 1. This condition will decrease the efficiency of cuttings suspen-
sion by the drilling mud.

The best structural-mechanical, filtration and filter cake forming properties exhibit the sample 7 consist-
ing of the mixture of LAG/corn starch /xanthan at the weight ratio 1:3:2 with total polysaccharide concentra-
tion 1 wt.%.

Conclusions

The rheological behavior of LAG and LAG/xanthan mixtures at a wide range of concentrations, tem-
peratures, pH, salt content and dispersed phase can be described by Ostwald-de Waal or Herschel-Bulkley
equations. In solutions of LAG — xanthan mixtures interpolymer complexes stabilized by hydrogen bonds
are formed. The structural-mechanical, filter cake forming and filtration properties of drilling muds based on
LAG-xanthan-corn starch mixture can be successfully controlled by changing of composition of polysaccha-
ride mixture and concentration of bentonite and KCl. The developed drilling muds can be used for drilling of
wells having unfavorable geological conditions.
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AHMOHABI J)K9HEe HOH/IbI eMec MoJucaxapuarep
Heri3inae Oyp¥blIay epiTiHaiaepin d3ipJiey

Makana aHHOHABL (Te/UIaH, KCAaHTaH) JXOHE HOHIBI eMec (Kpaxmal) IoJIcaxapuiarep HerisiHae jkaHa
OyprbUIdy CpITIHAIEpIH o3ipieyre apHaiFaH. [e/ulaH, TeIaH-KCAaHTaH, TeJUIaH—KYrepi Kpaxmaibl
kocranmapeiHbH NaCl, KCl, MgCl,, CaCl,, 66HTOHUT KaTBICBIHIA >KOHE KATBICHIHCHI3 BHCKO3UMETPIIK,
PEOJIOFHSIIBIK JKoHE MeXaHUKaIbIK Kacuertepi xone JJCK Hotmxkenepi kepcerinren. Temneparypa, pH opra,
Ty37ap JKOHE MOJIMCaXapuATep KOHLECHTPAUMSUIAPbIHBIH TeUlaH, TIeJUlaH—KCaHTaH, TIelllaH—KpaxMall
KOCHaapbIHBIH PEOJIOTHSIBIK KacHeTTepi MeH KOH(GOpMAalMsUIBIK aybicynapbiHa ocepi 3eprrenreH. NaCl,
KCl; MgCl,, CaCl,, 6eHTOHHUT KaThICBIHJIA )KOHE KATBICBIHCHI3 opTYpil Temneparypa, pH oprama 0.2—1.0 %
TeJUIaH epiTIHAUICPIHIH PEeoNIOTHSIIBIK KacueTTepin HakTeipak OctBanbia-Jle Baane xone Xepmens-bamkimm
TeHJeyNepl cumarTaiiipl. ['emIaHHBIH MHUBIPOIBIK-ITyMaK KOH(OPMAIMACHIHA JKOHE 30Jb-TeNb (ha3abk
aybICYBIHA TEMIIepaTypaHbIH, TY3IapiblH koHe pH opTaHbH ocepi Oypreuray epiTiHmurepin »xobamayna
Heri3ri ¢akropmap Gosbim TaObUTagBl. MOJETbIl SKCIEPUMEHTTEp TeJUIaHHBIH KCAHTaH JKOHE KpaxMalMeH
KOCMAachl YHFbIMa KaObIpFajapblH TYPAaKTAHIBIPY JXOHE CY/ABbIH KeNyiH TOKTaTyla THIMAI areHT OOoJbIn
tabputaThiHbIH KopeeTTi. KCI jxoHe OEHTOHUT KaThICHIH/A rellIaH—KpaxMal jKoHe rejllaH—KCaHTaH—KpaxMall
Kocmajapbl Heri3iHae TuiMal Oypreutay epiTiHzinepi aibHAbl. Byn penentep Kypaeni Taysbl-Te0JOTHSUIBIK
Karaaiinapaa yHFbIManap/isl Oyprbulay YIUiH KOJIIaHBLTYbl MYMKIiH.

Kinm ce30ep: xomnounrap, Oypreiiay epiTiHAiIepi, reIaH, HHTePIIOIMMEpIli KEeIIeH Iep, TYTKBIPIIBIK.
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Pa3paboTka OypoBBIX PacCTBOPOB
HA OCHOBE AHMOHHBIX M HEHOHHBIX MOJIMCAXAPUIO0B

Cratbst OCBSIIEHA Pa3padOTKe HOBBIX OYPOBBIX pacCTBOPOB Ha OCHOBE aHHOHHBIX (TeJJIaH, KCaHTaH) M HEHO-
HOTCHHBIX (Kpaxmai) mosmcaxapunoB. lIpusenensr pesynsratsl JICK, BUCKO3UMETpHUYECKHE U PEOOTHYE-
CKHe CBOWCTBA TeijiaHa, CMecel renaHa—KcaHTaHa U reJUIaH—KyKypy3HOTO KpaxMalsla B OTCYTCTBHM H TpH-
cyrerBun NaCl, KCl, MgCl,, CaCl, u 6enronunTta. M3yuensl BausHus Temueparypsl, pH cpensl, KOHIIEHTpa-
LM TOJIKCAXapUJIOB U COJIEH Ha PEOJIOTUYECKHE XapaKTEePUCTUKM M KOH(DOPMAIMOHHbIE MEPeXo/bl cMecer
rejUlaHa, reJUlaH—KCaHTaH U TeJulaH—Kpaxmai. bojee TouHoe onmcanne peolorH4ecKoro IMOBEACHHS PacTBO-
pos resutana 0.2—1.0 mac.% npu BapsupoBanuu Temieparypsl, pH cpenst B npucyrersun NaCl, KC1, MgCl,,
CaCl, u GenTonuTa onuckBaloT ypaBHeHust OcTBanbaa-/le Baane n Xepmensa-bankmu. Brustaue temnepary-
pBl, coneil U pH Ha koHpOpPManuM CIMpab-KIyOOK U 30Jb-Telb (ha30BbIC NMEPEXOAbl TellIaHa SBISTIOTCS
KIIFOYEBBIMH (paKTOPaMH IIPU HPOSKTHPOBAHUU OYpPOBBIX PacTBOPOB. MoJIeNIbHBIE 3KCIEPUMEHTHI TI0Ka3hIBa-
0T, YTO KOMOMHAILIMH T'e/UIaHa ¢ KCAHTAHOM M C KpaxMaJloM SIBJISIOTCS 3()(GEKTUBHBIMU areHTaMH UL CTa0u-
JM3aLMN CTEHOK CKB)XHHBI U M30JMPOBaHUS NMPUTOKA BoAbl. [lomydeHsl s dekTrBHBIE OypOBBIE PAaCTBOPEI
Ha OCHOBE CMeceH reJulaH—KpaxMmall M rejulaH—KcaHTaH—Kpaxman B npucyrctBuu 6enronuta U KCl. Chop-
MYJIUPOBAaHHBIE PEHENThl MOTYT OBITh HCIIONB30BAHBl Ui OYpeHHS CKBaXHH B CIHOXKHBIX. TOPHO-
TEOJIOTHIECKHX YCIIOBUSIX.

Kniouesvie crosa: KOJIJIOH/IbI, 6ypOBI>Ie PacTBOPLI, I'eJUIaH, HHTCPIIOJIMMEPHBIC KOMIUICKCEL, BA3KOCTH
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