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MODIFICATION OF COPOLYMERS BASED
ON OLEFIN AND MALEIC ANHYDRIDE
AS POUR POINT DEPRESSANT FOR WAXY OILS

Abstract. In this work, we investigated a modification of a copolymer based on a-olefin (octadecene-1) (ODC)
and maleic anhydride (MA) synthesized by the method of initiated radical polymerization. In the studies carried out,
it was revealed that of all the synthesized copolymers based on maleic anhydride, the copolymer with a-octadecene
was the most effective copolymer in reducing the viscosity of oil and TPT. In this work, a copolymer based on
maleic anhydride and octadecene-1 (ODC — MA) was modified with primary amines — butylamine (BA), hexylamine
(HA), hexadecylamine (HDA), octadecylamine (ODA), benzylamine (BzA). The copolymer was modified in a
xylene solution with a Dean — Stark packing; the ratio of the ODC — MA copolymer to amines was 1:1.2 mol.
Tololsulfonic acid (TSC) 0.5 wt% was used as a catalyst. Synthesis temperature 140°C, time 8§ hours. The degree of
completion of the reaction was evaluated by the amount of water formed in the Dean Stark packing. Modified
copolymers ODC — MA with amines (ODC — MA — BA, ODC — MA — HA, ODC — MA — HDA, ODC — MA —
ODA, ODC — MA — BzA) were characterized by Fourier IR spectroscopy and 'H and '3C NMR spectroscopy, which
indicates the transformation of the original anhydride rings into imide ones. Modified copolymers were tested on
waxy oil as depressants. Moreover, all modified copolymers exhibit the properties of depressants — they reduce the
viscosity and TPT of oil relative to oil without an PPD. The morphology of waxy crystals formed in oil during a
decrease in temperature was determined by microscopy; it was shown that modified waxy crystals of small sizes are
formed compared to the original oil without PPDs, which indicates the dispersing effect of modified copolymers
based on ODC — MA.

Key words: oil, copolymers, modification, waxes, fluidity, rheometry, pour point, viscosity.

Introduction. The transportation of crude waxy oil through pipelines, in tanks and tankers is
complicated by the deposition of waxes on the walls of the tank and pipeline, which leads to an increase in
the risk of pipeline shutdown and an increase in solid wax deposits in tanks during storage in tanks and
transportation by tankers. In order to prevent these negative consequences in world practice, depressants
are used, which are polymeric surfactants of various structures [1-3]

The use of polymer PPDs that ensure the transportation of oil and oil products is an urgent
problem for countries with a cold climate and long communications like Kazakhstan. The use of these
PPDs is constantly increasing and for 2020 the global market prospects for PPDs were estimated at
US §$ 1.4 billion [4]. The mechanism of action of these PPDs is different. Some PPDs reduce pour point
and can be used as a pour point depressant (PPD). Most importantly, these compounds can both prevent
the appearance of wax crystals and modify the surface of the wax crystals by changing their morphology
and surface properties, preventing the crystals from sticking together. [5,6].

One of the promising directions is the synthesis of copolymers with amphiphilic properties [7].

Amphiphilic copolymers are used in various industries, and one of them is the use as depressants for
oil and oil products [8]. In some works, a-olefins and maleic anhydride act as reagents for the synthesis of
amphiphilic copolymers [9]. A feature of the use of maleic anhydride and a-olefins for the synthesis of
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polymers is the alternating nature of the obtained copolymers [9]. Thus, for modification, a copolymer
synthesized in [10] with a ratio of a-olefins and maleic anhydride 1: 1 was chosen.

Modification of the anhydride fragments of the copolymer with primary amines makes it possible to
increase the depressant activity of the copolymers [11]. In the works [12-14], effective depressants were
obtained based on copolymers of maleic anhydride with a-olefins modified with various amines or
alcohols.

Reagents. A copolymer based on maleic anhydride and a-olefin (octadecene-1) (ODC — MA) used
for modification was synthesized using the method of initiated radical polymerization. The ratio of maleic
anhydride and a-olefin is 1:1.

Toluenesulfonic acid (Sigma — Aldrich) was used as a catalyst, butylamine, hexylamine,
hexadecylamine, octadecylamine (Sigma — Aldrich) with a degree of purity (pure grade) were used
without additional purification. The solvent was o-xylene (Sigma-Aldrich) with a purity grade (pure
grade) was used without additional purification. Methanol with a degree of purity (pure grade) was used
without additional purification.

Modification of copolymers. Modification of the ODC-MA copolymer with primary amines was
carried out according to the general procedure (figure 1). A two-necked flask equipped with a Dean —
Stark attachment with a reflux condenser, stirrer and thermometer was loaded with an ODC — MA
copolymer (8.5 mmol), a primary amine (10.2 mmol), and 6 ml of o-xylene. The mixture was heated to a
temperature of 150°C and toluenesulfonic acid (0.15 mmol) was added, then the reaction mixture was
continuously stirred until the evolution of reaction water ceased, for 10 hours. The resulting mixture was
cooled, washed with methanol, and dried in a vacuum oven to remove residual solvent.

Ri-Ci6H33

R2-CisHs7
Ci6Hs3
CeHi3
CsHo
CsHsCH:2

Figure 1 — Scheme of the structure of modified copolymers Ri - Ci6H33, Rz - Ci1sH37 (octadecylamine),
Ci6H33 (hexadecylamine), CsHi3 (hexylamine), C4Ho (butylamine), C¢HsCHz (benzylamine)

Instrumental methods of analysis. The structure of the modified copolymers was analyzed by NMR
spectroscopy and IR spectroscopy. 'H and '*C NMR spectra were recorded on a JNM — ECA Jeol
400 spectrometer (frequencies 399.78 and 100.53 MHz, respectively) using a CDCI; solvent. Chemical
shifts are measured relative to residual protons or carbons of deuterated chloroform. The Nicolet 5700 FT
— IR Fourier transform IR spectrometer operated in the range 4004000 cm™ .

The depressor efficiency of the synthesized copolymers was evaluated for oil from the Akshabulak
field. Pour point determined in accordance with ASTM D 5853-09. Rheological measurements were
carried out using a RheolLab QC rotary rheometer (Anton Paar, Austria) with Rheoplus 3.0 software
equipped with a thermostated cooling system with temperature control. The measurements were carried
out using a DG 42 two-slot coaxial cylinder.

The analysis of the wax fraction was carried out in the form of a solution in carbon disulfide on a
PerkinElmer AutoSistemXL chromatograph (USA). The components of the wax fraction were identified
by chromatography using reference hydrocarbons. The chromatogram of oil from the Akshabulak field is
shown in table 2.

The shape and structure of wax crystals were determined using a Nikon ECLIPSE LV 150N incident
light microscope (Japan). The method for determining the morphology of crystals is standard. A small
volume of the test oil was applied to a glass slide, covered with a second layer of glass on top,
thermostatted, and purged with a stream of dry nitrogen to prevent condensation. Observation was carried
out through a monitor in real time, a picture of wax crystals was taken every degree.
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Physico-chemical characteristics of oil. The rheological properties of oil depend on the physical and
chemical characteristics of the oil. The fluidity of oil is influenced by such factors as temperature, the
content of waxes, asphaltenes and resins in oils [15-17]. Oil from the Akshabulak field is waxy with low
resin content and low asphaltene content. The low content of asphalt-resinous substances and the high
content of waxes determine high values of the pour point of this oil [18, 19].

The main role that determines the pour point of oil is solid waxes C»o and above [20-22]. For oil from
the Akshabulak field, the molecular weight distribution of n-alkanes was determined by gas
chromatography (table 2). The content of waxes in Akshabulak oil was determined using the program of
simulated distillation of hydrocarbons on an AutoSystem XL chromatograph (Perkin Elmer, USA).

Table 2 — Results of chromatogram distribution of solid waxes in oil Akshabulak

Waxes Ca Cai Cn Cx Ca Cas Ca6 Cy7
%, in oil 1,0704 1,1604 1,0927 1,1640 0,9475 0,9434 0,7442 0,7101

Cas Ca Cso Csi Cs2 Cs3 Cs4 Css Cse
0,5464 0,5477 0,3483 0,2457 0,1476 0,0945 0,0521 0,0266 0,0203

Cs7 Css Cso Cao Ca Caz Cs Caa Cas
0,0097 0,0066 0,0046 0,0001 0,0004 0,0004 0,0003 0,0001 0,0001

Copolymer structure. The structure of the copolymers was analyzed by 'H and *C NMR
spectroscopy (figure 2) and FTIR spectrometry in the range 4004000 cm™ ' (figure 3).

The '"H NMR spectrum of the OD — MA copolymer exhibits multiplet signals at 0.84-0.87 ppm. with
a proton integral intensity of 3.0H of the terminal methyl groups of the octadecene fragment.
The methylene protons of the octadecene fragment appeared as a broadened signal at 1.10—1.42 ppm. with
an integrated intensity of 22.IN. The methine protons of maleic anhydride fragments resonated at
2.5-3.5 ppm. integral intensity 0.4N. Trace amounts of proton signals at 4.09-4.15 and 4.89—4.99 ppm
indicate the absence or negligible amounts of unsaturated bonds in the copolymer.

In the 3C NMR spectrum of copolymer 1, the carbon atoms of the terminal methyl groups of the
octadecene fragments are observed at 14.27 ppm. The methylene and methine carbon atoms of the
copolymer resonate at 22.81, 29.26, 29.86, 31.88 and 33.94 ppmMetinic carbon atoms of the maleic
anhydride ring are manifested by broadened signals in the range 41-44 ppm. The carbonyl protons of the
above cycle are also manifested by broadened signals in the 170-175 ppm region. In the "*C spectra of the
initial OD — MA copolymer, the carbon of the anhydride group resonates at 114.17 and 139.36 ppm, but
barely manifests itself or practically disappears in the spectra of copolymers modified with primary
amines. For the OD — MA copolymer in the IR spectra, the bands of stretching vibrations of the carbonyl
group C = O in the ester range of 1710-1713 cm ™' are characteristic. The characteristic vibrations in the
region (1770-1775 and 1850-1855cm™) refer to C=O stretching vibrations in cyclic anhydride units.

| |
| A I L] 6
| - I ’
n_d/wﬁ/“‘w \\ kl_ 4 H\ 4
| 3 NI
2 JtL 2
1 | \

13C overlay samples 1-6

1H overlay of samples 1-6

Figure 2 — 'H and '*C NMR spectrum of the ODC — MA! copolymer and the modified copolymers
ODC — MA — ODA? ODC — MA — HDA?, ODC — MA — HA* ODC — MA — BA’, ODC — MA — BzA®.
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In the modified ODC — MA copolymers with amines (ODC — MA — BA, ODC — MA — HA, ODC —
MA — HDA, ODC — MA — ODA, ODC — MA — BzA), the 1H NMR spectrum in the copolymers exhibits
multiplet signals at 0.82— 0.89 ppm with a proton integral intensity from 3.0 to 6.0 terminal methyl groups
of the octadecene and alkylamine fragments. The methylene protons of the modified copolymers were
located in two singlet signals at 1.22—1.25 and 1.45 ppm. with a total integrated intensity from 21.0H to
27.8H. The methine protons of maleic anhydride fragments, as well as the protons of the amide group and
the methylene fragment adjacent to it, resonated at 2.0-3.5 ppm. integrated intensity from 1.0H to 2.2N.
The opening of maleic anhydride cycles and the formation of cycles with the participation of nitrogen
atoms affect the spectrum pattern in this region: it increases at 3.40 ppm. Trace amounts of proton signals
of unsaturated bonds are almost not observed. The aromatic protons of the benzylamine fragment of the
OD — MA — BzA copolymer resonated with a broadened singlet at 7.20 ppm. with an integrated intensity
of 4.0N.

In the *C NMR spectrum of copolymer 2, the carbon atoms of the terminal methyl groups of the
octadecene and alkylamine fragments are observed at 14.21-14.28 and 13.69 ppm. The methylene and
methine carbon atoms of the copolymer resonate at 20.17, 22.78, 27.62, 29.85, 32.02, 33.92 and
38.50 ppm.. Two broadened signals at 177.85 and 179.8 ppm correspond to the carbonyl carbon atoms of
the copolymer. characterized by Fourier IR spectroscopy, which indicates the transformation of the initial
anhydride rings (1780-1850 cm™") into imide rings (1535, 1690-1700 cm ™). The data presented indicate
the presence of the main functional groups in the structure of the copolymers shown in the diagram
(figure 1).

Figure 3 — IR spectrum of the synthesized copolymers ODC — MA! and modified copolymers ODC — MA — BA?,
ODC — MA — HA?, ODC — MA - BzA*, ODC — MA — HDAS, ODC — MA — ODAS® with Fourier transform.

Low temperature oil testing. The determination of the pour point of oil was carried out according to
the ASTM D 5853 standard. The results are shown in table 4. From the data presented, it can be seen that
the ODC — MA copolymer modified with butylamine’ shows the best result among the modified
copolymers with a pour point of — 6 ° C at a concentration of 300 ppm. A further increase in the
concentration of the obtained depressants does not improve the low-temperature properties of oil. Thus, it
was determined that the optimal concentration for the obtained depressants was 0.03%. It should be noted
that the rheological curve (figure 4) of the modified copolymer ODC — MA — BzA? has the lowest
rheological efficiency and shows the result lower than that of the ODC — MA? on the basis of which it was
obtained. The reason for the high efficiency of the copolymer modified with butyl amine is possibly
related to the chain length. Short-chain branches in the copolymer, like butylamine, do not prevent the
polar portions of the copolymer from accessing the waxes, while the long-chain portions of the
copolymers, like octadecylamine, shield the wax crystals from the polar portions. Similar conclusions
were made in [23], where the octadecene-maleic anhydride copolymer was modified with primary
alcohols of various lengths.
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Figure 4 — Curve of the dependence of the dynamic viscosity of Akshabulak oil on temperature
with a heat treatment at 60 ° C at a dosage of 300 ppm depressants with the addition of PPD: ODC - MA-BZA?,
ODC - MA?, ODC - MA-ODA*, ODC - MA-HAS, ODC - MA-HDAS, ODC - MA-BA” and without PPD!

Table 4 — Dependence of the pour point of Akshabulak oil with and without the addition of depressants

Pour point temperature
Sample
300 ppm 500 ppm 1000 ppm

Crude oil without PPD +6°C

Crude oil with ODC-MA -3°C 0°C 0°C
Crude oil from ODC-MA-BA —6°C -3°C 0°C
Crude oil from ODC-MA-BzA +3°C +3°C +6°C
Crude oil from ODC-MA-HA -3°C 0°C +3°C
Crude oil with ODC-MA-HDA —6°C -3°C 0°C
Crude oil from ODC-MA-ODA -3°C 0°C +3°C

Morphology of wax crystals. Figure 5 shows micrographs of oil without PPDs and with the addition
of ODC-MA copolymer and ODC-MA copolymer modified with butylamine, which showed the highest
depressant activity according to the results of rheological tests. It can be seen from the obtained
micrographs of Akshabulak oil that at the same temperature (0°C), wax crystals with the addition of an
PPD modified with butylamine have a shape and size different from the crystals of wax of a copolymer of
non-amines modified maleic anhydride with linear a-olefin and is more different from crystals wax in oil
without PPDs.

1 2

Figure 5 — Micrograph of Akshabulak oil without PPD' with PPD (ODC-MA)?
and with modified PPD (ODC-MA-BA)’.

According to the data obtained, we can observe that the modified copolymer does not prevent the
appearance of crystals, but prevents their growth, thereby restraining the agglomeration of wax crystals
and reducing the pour point of oil. The figure shows that the number of small wax crystals, which are the
nuclei for the appearance of large crystals, in oil with an PPD is much less than in oil without an PPD. The
formation of large crystals that do not interact with each other is the reason for the effectiveness of the
copolymer as a depressant. Hence, it can be concluded that the obtained copolymers exhibit a depressing
and dispersing effect.

— 34 ——
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Conclusion. In this work, the modified copolymers were tested on oil from the Akshabulak field
using conventional methods. The copolymer modified with butylamine exhibits the highest depressant
activity. The efficiency of the modified copolymers obtained is associated with the dispersing effect
arising from the co-crystallization of the additive with paraffin waxes. It was revealed that the copolymer
modified with the short primary amine ODC-MA-BA shows better efficiency than the copolymer
modified with the long primary amine ODC-MA-ODA.

When studying the structure of wax crystals, it was revealed that wax crystals with the addition of a
copolymer modified with butylamine have a shape and size different from the wax crystals of a copolymer
not modified with amines. A possible reason for the effectiveness of the butylamine-modified copolymer
is the easier access of waxes to polar groups, which provides a high depressant efficiency of copolymers
modified with short-chain amines, compared to copolymers modified with amines with a longer chain.

It is shown that, in contrast to the copolymer of maleic anhydride with linear a-olefin, modified
copolymers with amines more effectively lower the pour point of oil, which gives rise to further study of
copolymers modified with primary amines.

The work was carried out under grant funding IRN AP08855445 "Synthesis and modification of
copolymers based on vinyl monomers as pour point depressants for wax crude oils." according to
agreement No. 335 dated November 24, 2020 with the Science Committee of the Ministry of Education
and Science of the Republic of Kazakhstan.
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IMAP®®UH/II MYHAWTFA PPD PETIHJIE KOJIJAHBLJIATBIH OJIE@UHJIEP MEH
MAJIEMH AHI'UAPUAI HETT3IHAEI'T KOITOJIUMEPJIEPAI TYPJIEHAIPY

Annortanusi. JKymbicta MOHOMep KaTbiHAachl 1:1 GoNaThIH aybICHaBl KYPBUIBIMMEH OacTaJFaH paIuKaJIbl
MOJTUMEpIICy OIICIMEH CHHTE3/eNTeH o-oleuH (OKTamerneH-1) sxone mamend anruapuni (ODC-MA) gerizinperi
COTIONIMMEPIIH TYPIACHIIPiTyi 3epTTeNni. ANBIHFAH COMOJIHMEpPIIEp METAaHON apKbUIBI PEaKIUsIFa TYCIIEreH KOMIIO-
HEHTTEPJICH Ta3apTHUIABL. OTKI3UITeH 3epTTeyiepae MaleuH aHTHAPHI JKOHE 0-oeUHAep HeTi3iHAe CHHTE3IeITeH
CONIOJIUMEpJICP apachlHAH OKTajeleH Herisipgeri comoimmep MyHail MeH TIIT TYTKBIpJIBIFBIH TOMEHAETYHIE €H
THIMAL COTONUMEPiH OONFaHIBIFEI AHBIKTANABL. JKyMbIcTa MaleWMH aHTHAPUAI MEH OKTajeneH-1 HeriziHmeri
cormoymmep Oactankel amuHACpMeH — OyTunamMuH (BA), rekcmtamud (HA), rekcapenmnamun (HDA), okramermna-
muH (ODA), 6ensmramun (BzA) apkputer TyprneHzipingi. ODC - MA conomammepi Jua-CTapk KOHABIPMACHIMEH
kewton epitiamiciame typrenipinmi. ODC - MA comonmmepiHiH amuHAepre KatbHackl 1: 1,2 monp Gonmel. Kata-
nu3arop petiaae Tonoacyabdo Kemkeuibl (TSC) 0,5% xeneminne konpansuabl. CunTes Temneparypacsl — 140 °C,
yakpITBI — 8 cararT. Peakmusupiq askramy mopexkeci JuH CTtapk KOHABIpMAachlHAA TY3UITeH Cy MeIIepiMeH Oara-
nmaanel. AmMuHgepMer Moaudukamsuaarad ODC - MA comommmmepiepi (ODC - MA - BA, ODC - MA - HA, ODC -
MA - HDA, ODC - MA - ODA, ODC - MA - BZA) ®ypse UK cnekrpockonusceiMen xoHe 1H xone 13C cnexrpo-
CKONMSCHIMEH CHIIATTANIbI, Oy GacTanKel aHTHIAPH] CaKWHAIAPBIHBIH HMMHUITIK CAaKHHAJApFa aifHaTybIH KepceTeN.
1H xonme 13C SMP cmektpiepi CDCI3 epitkimin xonmany apksuiel JNM - ECA Jeol 400 cnexrpomerpinze
(xumimikxTepi coiikecinme 399,78 xone 100,53 MI'm) >ka3puiabl. XUMUSUTBIK BIFBICYTIAP KAIIBIK IIPOTOHIAPFa HEMECE
JeUTeprieHreH xiopodopMasl ecenke amy apkpuibl emmeHzi. Nicolet 5700 FT - IR Fourier typnermiperin UK-
crekrpometpi 400-4000 cm™' apansIFbIHAA KyMBIC icTemi. Moau(uKalUIaHFaH CONONUMEpPIEp AKIaOyIaK KeH
OpHBIHAH aNbIHFaH MapadWHAI MyHaifFa JenpeccanT peTiHae chHAIAR. MyHaiabH KaTy Temieparypacsl ASTM D
5853-09 coiixec ambikTanmel.Peonormsuieik emmem RheolLab QC porammsuieik peomerpi (AuToH [laap, ABcTpus)
apksutel Rheoplus 3.0 GarmapimaManbIk jKacaKTaMachIMEH TeMIIEpaTypaHbl 0ACKApaThIH TEPMOCTATTAIFAH CAJIKBIH-
aTy KyleciMeH JXy3ere achIphUIIbL. Oniey eki ofbIKTanFad Koakcuanasl mwmHAp DG 42 Herizinae Kypri3iimi.

Tyiiin ce3mep: MyHaii, comoiumepiep, TYpJIeHAIpY, HapadHHAep, aKKbIITHIK, PEOMETPHS, aKKBIIITHIKTHI KO-
FaJITy TEMIIEPATypachl, TYTKBIPJIBIK.
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MOIUPUKAIUA COITOJIMMEPOB HA OCHOBE OJIE®OUHOB
U MAJIEMHOBOI'O AHTMIPUJA KAK PPD JIJISI TAPA®UHUCTBIX HE®TEN

Annoranusi. B pabore uccnenoBana moaudukanusi conojuMepa Ha OCHOBe o—oneduHa (okrazeneH—1) u
ManenHoBoro anruapuna (OJL-MA), CHHTEe3HpOBAaHHOTO METOIOM WHHUIIMAPOBAHHON PaTUKANBHOW IONAMEpH3a-
U C YepenyIoUIeicss CTPYKTYpoi ¢ cooTHomeHrneM MoHOMepoB 1:1. IlomydyeHHbIe comonmuMepbl ObUTH OYHIICHEBI
METaHOJIOM OT HECPEardpoBaBIINX KOMIIOHEHTOB. B NMpOBEICHHBIX HMCCIEIOBAHUSIX OBUIO BBISBICHO, YTO M3 BCEX
CHHTE3UPOBAaHHBIX COIOJIMMEPOB HA OCHOBE MaJICMHOBOTO aHTHIpuaa Hambonee 3()(PEeKTUBHBIM COIOIMMEPOM IIO
cHIKeHHIO Bs3kocTH Hedtu u TIIT siBHICS comoauMmep € 0-OKTaAeleHOM. B 3Toii pabore comoimmep Ha OCHOBE
MaJIeMHOBOTO aHTHIpPUAA U OKTajelieHa-1 mojsepraics Moaudukaiuy rnepBUYHbIMU aMuHaMu—OyTunamuH (BA),
rekcunnamuH (I'A), rexcanerminamun (I'JIA), okrageunnamun (OA), 6ensunamus (b3A). Monudukaiuo conosim-
Mepa MPOBOJWIN B pacTBOpe Kcuioda ¢ Hacaakoi una—Crapka, cootHomenue cononmumepa OJJII-MA k amunam
cocrapsuio 1:1,2 mosst. B kadectBe karanusaropa npumensuiu Tosnoncyibpokuciory (TCK) 0,5% Bec. Temmepa-
Typa cunre3a 140°C, Bpems 8 yacoB. CTeneHb 3aBepIeHHUS pEaKIuH OLIEHUBAJIM MO KOJMYECTBY BOJIBI 0Opasylolee-
rocst B Hacaake /luna Crapka. Momudummposannsie conoiaumepsl OALI-MA ¢ amunamu (OJLI-MA-BA, O/IL-
MA-TA, OAII-MA-TA, OAII-MA-OJJA, OALI-MA-B3A) oxapakrepu3oBansl metonom Dypee UK cmekrpo-
ckormr 1 SIMP cniekrpockormmu 1H u 13C, KoTOpbIe CBHUIETENBCTBYET O MPEOOPA30BAHNN UCXOIHBIX aHTHAPHUIHBIX
ukioB B umuaaee. Criektpsl AMP 1H u 13C canmanuce Ha ciekrpomerpe JINM—-ECA Jeol 400 (gacrora 399.78 u
100.53 MI'1; coOTBETCTBEHHO) ¢ mMcmoab3oBanueM pactBopureiast CDCl;. XuMuuecKnue CIBUTH M3MEPCHBI OTHOCH-
TEJIbHO CHTHAJIOB OCTATOYHBIX IPOTOHOB WJIM aTOMOB yIJIepoja AeHTepupoBaHHOro xiaopodopma. MK—cnekrpomerp
¢ mpeobpaszosanueM Dypre Nicolet 5700 FT-IR paGoran B muamazone 400-4000 cm'. [IpoBemeHBI MCIIBITAHHS
MOJU(UIIMPOBAHHBIX COMOIMMEPOB KaK JIEMPECCOPHBIX MPHUCAIOK Ha MapadUHUCTON HeDTH MECTOPOXKICHUS AKIa-
Oyiak. Temmeparypa morepu TEKy4eCTH OMpe/ieicHa B COOTBETCTBUU co cTanaapTom ASTM D 5853—09. Peonoru-
YeCKHe U3MEPEeHHsI MPOBOIMIINCH C UCTIOIBb30BaHHEM poTaioHHoro peomerpa RheolLab QC ("Anton Paar", ABctpus),
¢ nporpaMMHbIM oOecniedeHreM Rheoplus 3.0 ocHaIeHHOro TEpMOCTaTUPOBAHHOM CHCTEMOM OXJIaXKIEHHs ¢ KOHTPO-
JieM TeMneparypsl. VizamepeHns IpoBOJMINCH ¢ TIPUMEHEHNEM JIBYXIIEIEBOr0 KOaKCHalbHOro mmmHapa DG 42.

KoueBblie cioBa: HedTh, comoiauMepsl, MoauduKkanys, napaduHel, TEKy4ecTb, pEOMETpHUs, TeMIeparypa
MOTEPH TEKYUIECTH, BSI3KOCTb.
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