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NAS RKis pleased to announce that News of NAS RK. Series of chemistry and
technologies scientific journal has been accepted for indexing in the Emerging Sources Citation
Index, a new edition of Web of Science. Content in this index is under consideration by Clarivate
Analytics to be accepted in the Science Citation Index Expanded, the Social Sciences Citation
Index, and the Arts & Humanities Citation Index. The quality and depth of content Web of
Science offers to researchers, authors, publishers, and institutions sets it apart from other
research databases. The inclusion of News of NAS RK. Series of chemistry and technologies in
the Emerging Sources Citation Index demonstrates our dedication to providing the most relevant
and influential content of chemical sciences to our community.

Kaszakcma+ Pecnybnukacbl Ynmmbik fbinibiM akademusicbl "KP ¥FA Xabapnapbl. Xumusi xeHe
mexHorsioeusi cepusichl” fbinibIMU XypHarnbiHbiH Web of Science-miH xaHanaHraH Hyckacsi Emerging
Sources Citation Index-me uHdekcmernyze KabblnOaHraHbiH xabapnalobl. byn uHOekcmeny 6apbicbiHOa
Clarivate Analytics komnaHusicbl XypHandbl odaH api the Science Citation Index Expanded, the Social
Sciences Citation Index xoHe the Arts & Humanities Citation Index-ke kabbinday macesneciH
Kapacmbipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei MeH canacbiH ycbiHadbl. KP ¥FA Xabapnapbl. XuMmusi XoHe mexHosoausi cepusicel Emerging
Sources Citation Index-ke eHyi 6i30iH KoramdacmbIK YWiH eH 63eKmi xoHe 6edendi XUMUSIIIbIK FblribiMOap
bolibIHWa KoHmMeHmke adandbifbiMbi30bi 6indipedi.

HAH PK coobwaem, 4ymo Hay4Hbil XypHan «3eecmusi HAH PK. Cepus xumuu u mexHosnoaul» 6bi
npuHam 0ns uHdekcuposaHusi 8 Emerging Sources Citation Index, o6HoeneHHol eepcuu Web of Science.
ColepxxaHue 8 amoM UHOeKcuposaHUU Haxodumcsi 8 cmaduu paccMmompeHusi komnaHueli Clarivate
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Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem ka4yecmso u
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SYNTHESIS AND CHARACTERIZATION
OF CARBOXYMETHYLATED CORNSTARCH

Abstract. The aim of this study is preparation and characterization of carboxymethylated cornstarch (CMCS)
for potential application as water based drilling fluids. The cornstarch was modified by sodium monochloroacetate.
The structure of cornstarch and CMCS was established by H' NMR and FTIR spectroscopy. The degree of
carboxymethylation of cornstarch determined by H' NMR spectroscopy was equal to 80%. The viscosity-average
molecular weights (M,,) of pristine cornstarch and CMCS calculated from Mark-Kuhn-Houwink equation [1]=K,-M"
are equal to 2.15-10° g-mol™ and 2.75-10° g-mol™ respectively. The temperature dependent viscosity of CMCS was
measured in water by Ubbelohde viscometer, while the rheological properties of CMCS in dependence of polymer
concentration and ionic strength of the solution were evaluated by rheoviscometer. The thermal characteristics of
samples were determined by differential scanning calorimeter (DSC) and thermogravimetric (TGA) and differential
thermal analyzer (DTA). The morphological properties of cornstarch and CMCS were studied by scanning electron
microscopy (SEM). The structural-mechanical, filtration and filter cake forming properties of drilling fluids and fluid
loss indicators of CMCS were found.

Keywords: cornstarch, modification, carboxymethylated cornstarch, degree of substitution, viscosity-average
molecular weight, viscosity, rtheology, drilling fluids.

Introduction

The interest in natural polysaccharides has increased considerably in recent years, as they are
candidates for many commercial applications in different industrial sectors like food, textile, paper,
petroleum, and pharmaceuticals [1]. Products made from starch have attracted the interest of researchers
and companies due to the abundance of starch in nature, its low cost and biodegradability [2-5]. The
carboxymethylation of starch in alkaline solution with sodium monochloroacetate was first carried out in
1924 [6]. Currently many papers concerning the carboxymethylation of starch were published with the
aim to optimize the reaction conditions, to increase the yield of product and to increase the degree of
substitution (DS) [7]. Starch is unique raw material resources due to high biocompatibility and annual
renewability (potatoes (5%), corn (82%), wheat (8|%), etc.) that distinguish it from cellulose derived from
wood, which period of maturing is 18-20 years for fast-growing wood [2, 8-9]. Starch is a carbohydrate
consisting of linear and helical amylose molecules and branched amylopectin molecules with general
chemical formula (C¢H;oOs), [10-12].

Starch was the first polymer reagent used for the drilling muds in 1939 [13]. However, with the
introduction of polymer reagents based on cellulose ethers widespread use of starch started to reduce. This
was primarily due to the need to use bactericides and low thermostable starch reagents [2].

— §f —
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Currently, the natural starch is not used in drilling fluids. Instead of it, the following types of modified
starch such as carboxymethyl, hydroxyethyl, as well as oxidized starch are applied to regulate the filtration
and rheological characteristics of drilling muds. The chemical modification of cornstarch is performed to
overcome the insolubility in water, hardly controlled viscosity after gelatinization, the turbidity of aqueous
solutions [14]. Carboxymethylated starch (CMS) is the most commonly used material among the modified
starch reagents. It is a starch derivative in which the —OH groups is partially substituted by ether group (-
O-CH,COOH) [15]. It is characterized by good resistance to high content of salt, high durability to
thermal and bacteriological affect [16]. The CMS has a wide applicability due to water-solubility, high
viscosity and stability as a fluid loss reducing agent in drilling fluid [10, 17]. The application of CMS in
enhanced oil recovery is also growing [18].

The main objective of this work is to synthesize and characterize CMCS with potential application as
additives in water-based drilling fluids. These materials were also evaluated regarding their thermal
resistance and rheological behavior in the presence of various salts. Starch is a perspective material from
practical point of view because it is non-toxic, contains easily modifiable functional groups and is
ecologically friendly [19].

Experimental part

Materials

Cornstarch was purchased from LLP "Zharkent Starch-Factory". Sodium monochloroacetate (Na-
MCA) CICH,COONa was obtained from Merck-Schuchardt (Hohenbrunn, Germany). The chemical
reagents used in this investigation (NaOH, CH;CH,OH, NaCl, KCl, MgCl,, CaCl,, HCI, LiBr, de-DMSO,
and d;-TFA were purchased from Sigma Aldrich (Finland) and used as received.

Synthesis of carboxymethylated cornstarch (CMCS)

Modification of cornstarchwas carried out in two steps [19]. Firstly, alkalization was performed by
mixing of 0.4 g cornstarch, 1.2 mL ethanol and 0.28 mL aqueous 11.5 M NaOH solution at 25°C, the
mixture was stirred for 20 min. In the second step, 0.28 g Na-MCA was added and the reaction mixture
was heated to 58°C and stirred during 100 min. The precipitated in ethanol CMCS was filtered and dried
under vacuum at 50°C.

Methods

'H NMR of cornstarch and CMCS were recorded on a Bruker Avance III 500 spectrometer at 70°C
according to procedure [20]. The viscosity-average molecular weights of the cornstarch and CMCS were
determined by Mark-Kuhn-Houwink equation, [n]=K,-M® where M, is the viscosity-average molecular
weight and the parameters K, and a are related to local stiffness of the polymer and depend on the nature
of polymer, solvent and temperature. The Fourier Transform Infrared (FTIR) spectra of the starch samples
were registered by FTIR spectrometer Carry 660 (Agilent, USA).The viscosity of cornstarch and CMCS
solutions was measured by Ubbelohde viscometer at 25+0.1 °C. The rheological behavior of CMCS
solutions was monitored with the help of Rheolab QC, Anton Paar (Austria). The thermal characteristics
of samples were determined with the help of DSC 131 EVO Setaram and TGA «Labsys EVO» Setaram
(France). The samples were heated from 25 to 500 °C at heating rate 10°C/min. The size and {-potential of
CMSC was determined with the help of Dynamic Light Scattering (DLS) device Malvern Zetasizer Nano
7590 (UK). Scanning electron micrographs were obtained with the help of SEM (Jeol JSM-6490LA,
Japan). Static shear stress (SSS) measurements after 1 min and 10 min (SSS,; and SSS;,) were performed
by means of the instrument SNS-2 (Russian Federation). Water yield of the drilling muds (W) was
determined by VM-6 instrument (Russian Federation). The thickness of the filter cake (8) was measured
by the instrument WIKA IV-2 (Russian Federation).

Results and Discussion.
Modification of cornstarch
The carboxymethylation of cornstarch proceeds by two steps:
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Figure 1 -Modification of corn starch with sodium monochloroacetate

In the first step (1) the OH groups are transformed to O Na", then on the second step (2) the Na' ions
are eliminated by chlorine of sodium monochloroacetate by the following reaction:

— O™ Na" + CI-CH,COONa — —O-CH,COONa + NaCl

As a result a fully water-soluble carboxymethylated cornstarch (CMCS) with DS = 80% was obtsined.

Identification of the CMCS structure by H' NMR and FTIR spectroscopy
'H NMR spectrum of CMCS registered at 70 °C is shown in Figure 2.
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Figure 2 - '"H NMR spectrum of CMCS in d¢-DMSO
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The substitution degree of CMCS determined from the methylene signal of the carboxymethyl
substituent (4.31 ppm) and the anomeric protons of glucose (5.13 and 5.50 ppm) was equal to 80%.
FTIR spectra of pristine and modified cornstarch are compared in Figure 3.
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Figure 3 - FTIR spectra of cornstarch (a) and CMCS (b)

The broad bands between 3336 and 3291 cm™ is assigned to OH stretching vibrations due to hydrogen
bonding between the hydroxyl groups. The band around of 2928 cm™ belongs to CH, symmetrical
stretching vibrations. A new peak at 1728 cm™ is specific for ester groups, the bands at 1640 and 1400 cm’
'are related to asymmetric and symmetric vibrations of carboxylate ions (COO"). At 1200-1360 cm™ the
vibrations of CH,, CH, and C-OH groups are observed. An absorption band at 1009 cm™ corresponds to
stretching vibrations of ether groups -OCH-O-CH,. Low intensive bands in the range of 860-760 cm™
correspond to out-of-plane vibrations of OH-group of glucopyranose ring. Thus, both H' NMR and FTIR
spectra of CMCS reveal that the modification by Na-MCA takes place to obtain the water-soluble
derivatives of cornstarch.

Viscosity-average molecular weight (M.) of CMCS

The viscosity-average molecular weight (M,) of the CMCS was calculated by the Mark-Kuhn-
Houwink relationship [n]TKn-Ma taking into account that Kn=2.0~10'4 and a=0.75 for a standard starch in
0.1 M aqueous NaCl at 25 C [2].

The viscosity-average molecular weights (M,) of cornstarch and CMCS were found to be 2.1510°
gmol' and 2.75-10° g-mol” respectively. A significant increase in the M, of the cornstarch after
carboxymethylation is due to the presence of bulkier carboxymethyl groups in modified cornstarch.

Viscosity measurements
The influence of temperature on solution behavior of CMCS is shown in Figure 4.
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Figure 4 — Temperature dependent reduced viscosity of aqueous solutions of CMCS
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The reduced viscosity of aqueous solutions of CMCS gradually decreases with increasing of the
temperature. This may be connected with a gradual disaggregation of macromolecular associates due to
destruction of hydrogen bonds.

Rheological characteristics of CMCS solutions

Rheological properties are considered as important parameters to evaluate the applicability of the
CMCS as drilling fluids. The CMCS solutions represent the pseudo plastic liquids and are suitable for the
formulation of drilling fluids.

14 4

1

Y, sec”

(1)0.25,(2)0.5,(3) 1,(4) 2, (5) 1.5 wt.%
Figure 5 — Concentration dependent shear stress-shear rate curves of aqueous
solutions of CMCS

As the polymer concentration increases the solution viscosity increases as well. However, increasing
of the polymer concentration higher than 1.5 wt.% is not efficient. Therefore it is expected that the optimal
concentration of CMCS for shear rate is 1.5 wt.%.

Dependences of shear stress on shear rate for CMCS solutions in the presence of NaCl, KCI, MgCl,
and CaCl, are shown in Figure 6.
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Figure 6 - The shear stress-shear rate curves of 0.5% wt.% CMCS solutions
at the ionic strength of p=0.01 adjusted by NaCl (1), KC1 (2), MgCl, (3) and CaCl, (4)
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Aqueous solutions of CMCS behave polyelectrolyte character that is suppressed upon addition of
low-molecular-weight salts. The viscosity resistant behavior of CMCS in saline water provides the

stability of drilling muds in a wide range of salt concentrations.

Thermal characteristics of cornstarch and CMCS
Thermal properties of cornstarch and CMCS derived from DSC are shown in Figure 7. The

appearance of exothermic peaks at 80.2 and 83.3 °C is probably due to removal of residual moisture. The
broad endothermic peaks at the interval of temperature 285.85-392.77 and 251.3-326.87 °C probably
reflect the crystallization of cornstarch and CMCS, respectively.
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Figure 7 - DSC curves of cornstarch (1) and CMCS (2)

Mass loss percentages for cornstarch and CMCS were calculated from TGA data (Figure 8). TGA
studies reveal high heat resistance for CMCS as compared to the cornstarch. CMCS loses 38.47 % of the

mass, while cornstarch — 45.83
525
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Figure 8 - TGA curves of cornstarch (1) and CMCS (2)
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DLS measurements

Table 2 shows the average sizes and (-potentials of CMCS. The size distribution of CMCS is varied
from 235 nm to 1034 nm. The negative values of the (-potentials of CMCS in water confirm the
substitution of hydroxyl groups of cornstarch by carboxymethyl moieties.

Table 1 — The average sizes and {-potentials of CMCS in water

C, wt.% Size, nm {-potential, mV
0.1 1034 -85
0.2 633 -60
0.3 235 -56
0.4 487 -50
0.5 552 -53

Morphology of cornstarch and CMCS

The SEM images of cornstarch and the CMCS are compared in Figure 9. SEM showed the
carboxymethylation to change the structure of starch granules, compared with native cornstarch.
Cornstarch granules are smooth, round in shape with sizes ranging from 5 to 15 pm. After
carboxymethylation the granules of cornstarch are bigger in size (400-500 pm) and the granular surface
becomes rough and scaly. Probably these changes are due to modification of cornstarch affected by strong
alkaline environment and heat treatment.
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Figure 9 - SEM images of cornstarch (a) and CMCS (b)

Formulation of drilling fluids

The drilling fluids (DF) composed of gellan, xanthan, CMCS, Polyanionic cellulose (PAC), KCI and
bentonite were formulated to obtain an appropriate DF with optimal solution density (p), relative viscosity
(Mre1), dynamic shear stress (DSS), fluid loss indicator (W), thickness of mud cake (J), and ratio of static
shear stress (SSS;/SSSo).

Properties of drilling fluids

The structural-mechanical, filtration and filter cake forming properties of model system, consisting of
0.1% gellan, 0.2% xanthan, 0.25-0.35% CMCS at the interval of pH 9.2-10.0 are summarized in Table 2.
Analysis shows that all drilling fluids based on CMCS possess good structural-mechanical and filtration
characteristics. The thickness of filter cake may be increased by adding 4 wt.% of bentonite. The
thixotropic characteristics of drilling fluids are improved with increasing of CMCS concentration.
Moreover, the CMCS with high DS due to good water-solubility and high viscosity is more beneficial than
industrial starch that is applied for formulation of drilling fluids.
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Table 2 — Composition and characteristics of drilling fluids

Ne Ratio DF*, % pH | p, g/cm3 Neet, S€C | DSS, Pa W,3 d, SSS,/SSS;,
= 3 cm mm dPa
E1218 |2 |3 |
T) = = = Y/ =
a0 5 @) 1oy
el
1 0.1 0.2 ] ** 0.5 0 4 10 1.03 54 1.2 5 0.4 8/15
2 0.1 0.2 1** 0.5 1 4 9.8 1.04 52 1.4 5 0.4 7.5/14
3 0.1 0.2 ] ** 0.5 3 4 9.6 1.05 52 1.7 5 0.4 7/13
4 0.1 0.2 0.25 0.5 0 1 9.2 1.02 33.6 1.7 6 0.4 3.3/5.3
5 0.1 0.2 0.25 0.5 0 2 9.4 1.06 35.7 1.7 5.5 0.4 5/7
6 0.1 0.2 0.25 0.5 1 4 9.6 1.08 32.8 1.6 5 0.5 9.8/11.5
7 0.1 0.2 0.35 0.5 2 4 9.7 1.08 35.3 1.5 5 0.5 12.3/13.9

*The rest is water
** Industrial CMCS

Samples No. 6 and 7 containing gellan, xanthan, CMCS and PAC in the presence of 4% bentonite
exhibit the best SSS,/SSS, characteristics that are applicable as drilling fluids [21].

Conclusion

Water-soluble CMCS were prepared by carboxymethylation of cornstarch. The introduction of
carboxymethyl groups into the structure of cornstarch was detected by FTIR and H' NMR spectroscopy.
The viscosity-average molecular weight of CMCS is much higher than unmodified cornstarch. Aqueous
solutions of CMCS show a high viscosity that decreases upon increasing of temperature and salt addition.
The thermal, morphological and rheological properties of CMCS have been evaluated. Water-based
optimal drilling fluids composed of various polysaccharides, salt and bentonite have been formulated and
suggested for application.

OO0K 541.64+678.744

7K.A. Hypaxmerosa'?, D.II. Kyp6ames®, B. C. Ceaenona’,
T. Bopke®, B. O. Acees®, C. E. KynaiiGeprenos'”
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KAPBOKCUMETWIJAEHI'EH )KYTEPI KPAXMAJIBIH
CUHTE3JEY )KOHE CUIIATTAY

AnHOTanmsi. By >kyMbICTBIH MakcaThl KapOokcuMeTwieHreH xyrepi kpaxmansi (KMXKK) amy, cunarray
JKoHe OyIT yaTiepAi cy HerisiHaeri Oyprpuiay epiTiHAiIepiHAe KONIaHy MYMKIHIITiH Oaramay OOJBIT TaOBLIambL.
JKyrepi kpaxmaiblH HATpHA MOHOXJIOpaLeTaTbIMeH Moaudukammsiaasl. JKyrepi kpaxmansr meH KMXKK kypputbIch
SIMP xone UK-cnekrpockonmsi keMeriMeH aHBIKTanabl. SIMP-criekTpockonuschl KeMeTiMeH aHBIKTaJIFaH JKyrepi
KpaxMaJlbIHbIH KapOOKCHMeTIIneHy nopexeci 80% ten Oomusl. Mapk—Kyn—Xaysunk tenneyimen [n]=K, M
TabblIFaH Ta3a xyrepi kpaxmansl MeH KMXKK opramaccansik Monekynanelk Maccackl (M,)) colikeciHiue 2.15:10°
r/monb skoHe 2.75:10° r/monms TeH Gommel. KMXKK TemmepaTypara Toyemdi TYTKBIPIBIFBI cyna YO66emoze
BrcKko3uMeTpi kemerimer enmerni, KMXXK peonorusiisik KacuerTepi moIuMep KOHICHTPALUSCH KoHE ePITIHIIHIH
HMOHJBIK KYIIiHE TOYENIiIIri peOBUCKO3UMETPMEH OaFallaHAbl. Y ITUIepaiH JKbIUTy cHIaTTaManapsl 1uddepeHInaiib
ckanupaneyiui kanopumetpi (JICK), tepmorpaBumerpusuibik (TA) sxoHe quddepeHimanipl TepMUsIIBIK aHATH3aTOPbI
(ATA) apkputer Eva Setaram (®paniust) anbikrangpl. JKyrepi kpaxmansl men KMJXKK mMopdhomorusuisik KacueTrepi
CKaHMpIEYIi 3JIEeKTPOHABIK MUKpockon (COM) apkbuibl 3eprrenai. byprbuiay epiTiHIUIEPiHIH KYPBUIBIMIBIK —
MeXaHHKaNIBIK, GHUIbTPALUIIBIK )KoHE KadaT Ty3y Kacuerrepi, KMIKK dunbrpanus kepcerkinni TaObuigbl.

Tyiiin ce3mep: xyrepi Kkpaxmaibl, Moau(uKauusi, KapOOKCHMETWIIZICHTE€H JXYrepi Kpaxmaibl, OpbiHOacy
JIoperkeci, OpTamMmaccasblk MOJIEKYJIAIbIK Macca, TYTKBIPIIBIK, PEOJIOTHs, OypFbIIay epiTiHaLIepi.
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CHHTE3 U XAPAKTEPUCTHUKA
KAPBOKCUMETHUJIMPOBAHHOI'O KYKYPY3HOI'O KPAXMAJIA

Annoranus. llenpro naHHOH pabOTHl SBISIETCS TOATOTOBKA W HCCIIEAOBaHHE KapOOKCHMETHIMPOBAHHOTO
Kykypy3Horo kpaxmana (KMKK) 11 nmoTeHImanbHOTO IpUMEHEHHUS B Ka4ecTBEe OYPOBBIX pacTBOpOB. KyKypy3HbIi
KpaxMan MOIUGHUIMPOBaIM MOHOXJOpameTaroM Hatpusi. CTpykTypa KykKypy3Horo kpaxmama u KMKK Obiia
ycra”osinieHa ¢ noMotbio AIMP u UK-cniekrpockornnu. CTenieHh KapOOKCUMETHIIMPOBAHUS KYKYPY3HOTO KpaxMmada,
ompeneneHHas ¢ nomouipio SIMP-criektpockonuu, Opiia paBHa 80%. CpeaHEBS3KOCTHBIE MOJEKYJISIPHBIE MacChl
(M,)) amcroro Kykypysnoro kpaxmana 1 KMKK, paccuntannsie o ypasaennto Mapka-Kyna-Xaysunka [1]=K,,-M?,
paubl 2,15-10° t/mome u 2,75-10° r/momnb coorBercTBeHHO. 3aBrcuMocTh BsiskoctH KMKK or Temmeparypbr
H3MepsUIach B BOJIE C MOMOIIBIO BUCKO3UMeTpa Y 00eroze, a peonornueckue cBoiictBa KMKK B 3aBUCHMOCTH OT
KOHIICHTPAIIUH MOJIMMEPa U HOHHOHN CHJIBI PACTBOPA OI[CHUBAIKMCH PEOBUCKOMETPOM. TepMHUUECKUE XapaKTEPUCTHKH
00pa3IoB onpeaessuuch quddepeHraibHbpM cKkaHupymuM kajgopumetpom (JICK) u TepmorpaBuMeTpruecKum
(TTA) u muddepenumanpapiv  TepmudeckuM aHamm3oM (JITA). Mopdonorndeckue cBoWcTBA KyKypy3HOTO
kpaxmasia 1 KMKK ObutH H3y4deHbl CKaHHPYIOIIEH 3JeKTpOHHOM MUKpockonueit (COM). OnpeneneHsl CTPYyKTYpPHO-
MeXaHU4ecKue, (MIBTPAMOHHBIE M KOPKOOOpAa3yroIIHWe CBOWCTBa OYpPOBBIX PACTBOPOB M IIOKA3aTENd IOTEPH
sxuaxkoctu KMKK.

KiroueBsble cjioBa: KyKypy3HBIH Kpaxmall, MOIUGHUKAINS, KapOOKCHMETIIINPOBAHHBIA KYKypY3HBIH Kpaxma,
CTeTIeHb 3aMEIICHHS, CPEIHEBI3KOCTHAS MOJICKYJISIPHAS Macca, BA3KOCTh, PEOJIOTHs, OypOBBIC PACTBOPHL.
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