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OBTAINING FATTY ALCOHOLS
FROM VEGETABLE RAW MATERIALS AND THEIR USE

Abstract. This work is devoted to the production of fatty alcohols from plant mate-
rials, which were used as the initial and used sunflower oil, as well as their esters obtained
by esterification / using a catalyst containing compounds Cu-Cr oxide. The highest yield of
fatty alcohols was observed when sunflower oil esters were used as raw materials at a
temperature of 200 ° C (contact time is 240 minutes) and reaches 79.3%. The main charac-
teristics of fatty alcohols were studied and it was revealed that they can serve as a non-polar
part for the production of nonionic surfactants. The synthesis of nonionic surfactants based
on glucose and fatty alcohol in a molar ratio of 1:1.5 respectively, in the presence of an acid
catalyst- hydrochloric acid. The process proceeds at a temperature of 90-100 °C for 3-
4 hours with vigorous stirring, at the end of the reaction, the catalyst is neutralized with
alkali to a pH of 9-11. It was revealed that the most favorable reaction temperature is 95 °C,
after which increase by 5 °C a rather sharp decrease in the selectivity of the reaction was
noted. The best surfactant yield was observed when fatty alcohols obtained by hydro-
genation of esters of plant materials were used as raw materials, and amounts to 73%, while
the yield of fatty alcohols from esters of used plant materials reaches 62%. The main
physicochemical characteristics of the obtained surfactants were investigated, and it was
found that the studied alkyl glucosides have a fairly good washing and emulsifying ability.

Keywords: fatty alcohols, hydrogenation, vegetable raw materials, used sunflower
oil, plant esters, surfactants, hydrophilic-lipophilic balance, emulsifiers.

Introduction. Fatty alcohols are surfactants widely used as emulsifiers,
emollients and thickeners in alimentary and cosmetic industries [1]. Moreover, they
can be substrates for the production of other surface-active materials, such as
alkylamines and alkylsulfates.

Selective modification of these alcohols could allow to use them as a new
resource for producing desired products that are valuable intermediates for the fine
chemical, pharmaceutical [2] and agrochemical sectors. For instance, behenic acid
(C21H43COOH) is used in cosmetics, hair conditioners and creams, due to its high
wettability [3], and lignoceric acid (C23H4,COQOH) is used in pharmaceutical [4,5]
and health-care preparations [6] and as additives in foods [7].

Fatty alcohols are mainly produced through catalytic hydrogenation of fatty
acids, methyl esters or wax esters.

Oils and fats have important applications in the food and pharmaceutical
industries[8]. They are composed of triglycerides of even numbered carbon fatty
acids [9], which also are starting to be used as low cost renewable resources for the
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fatty alcohol production. Another promising source of higher alcohols are fatty acid
esters obtained by the esterification of vegetable oils.

Taking into account all the above, it would be of much interest to find a stable
and suitable raw materials for the production of fatty alcohols, as well as the best
reaction conditions for high product yield.

EXPERIMENTAL PART

Density determination was carried out using a areometer according to GOST
3900. The essence of the method is to immerse the areometer in vegetable oil and
take readings on the hydrometer scale.

Viscous studies were carried out according to GOST 33-2000 (1SO3104 - 94).
The essence of the method consists in measuring, with a calibrated glass visco-
meter, the expiration time, in seconds, of a certain volume of the test liquid under
the influence of gravity at a constant temperature. Kinematic viscosity is the
product of the measured expiration time by a constant viscometer. Dynamic
viscosity is equal to the product of kinematic viscosity and oil density.

Tests for determining the acid number of sunflower vegetable oil were carried
out according to GOST R 52110-2003 «Vegetable oils. Methods for determining
the acid number».

Studies to determine the pour point of organic hydrocarbons were performed
according to GOST 20287-91.

The flash point was determined in an open crucible according to GOST 4333-87.

Hydrogenation of vegetable oil and ester of fatty acids was carried out in a
column in the presence of hydrogen, obtained in a TRH-300E hydrogen generator.
To obtain fatty alcohols, a hydrogenation reaction was carried out using a catalyst
containing Cu-Cr oxide compounds.

Synthesis of higher alcohols by the hydrogenation of sunflower oil samples
and its esters was studied using catalysts such as compounds of Cu-Cr oxide at
150- 200°C within 60- 240 minutes.

The mixture of raw material and catalyst was reacted at 150-200 °C for 1-4 h
in a high-pressure reactor [10]. The hydrogenated product fatty alcohol was
obtained after removing n-heptane and toluene by reduced pressure distillation.

The method of obtaining nonionic surfactants based on glucose and fatty
alcohol in a molar ratio of 1: 1.5, respectively, in the presence of an acid catalyst,
which was used hydrochloric acid and sulfuric acid.The reaction proceeds at a
temperature of 90-100 ° C for 3-4 hours with vigorous stirring of the reaction mass.
After completion of the reaction, the catalyst was neutralized with alkali to a pH of
9-11.

The determination of the critical micelle concentration was carried out
according to GOST 29232-91.Determination of the surface tension (o) of surfactant
solutions was carried out according to the method of droplet volume corresponding
to GOST R 50097-92 on a stalogmometer.

90



ISSN 1813-1107

Ne 4 2020

RESULTS AND DISCUSSION

As raw materials for the production of fatty alcohols, sunflower oil, spent
sunflower oil, and their esters obtained by the two-stage method of hydrogenation
of oils in the presence of alkaline and acid catalysts (table 1).

Table 1 — Characteristics of raw material

Raw materials for fatty alcohols
Characteristic sunflower | used sunflower | ester based | ester based
il (SO) oil (USO) on SO on USO
Density, kg / m3 921 925 927 929
Viscosity, cStat 40 ° C 6,17 6,43 7,51 7,59
Acid number, mg KOH /g 04 1,1 0,02 0,04
Pour point, ° C -16 -9 -3 -3

The results for determining the optimal conditions for the release of fatty
alcohols using various raw materials are presented in table 2.

Table 2 —The output of fatty alcohols depending on the time and temperature of the reaction
with compounds Cu-Croxide as a catalyst

Experience Conditions Yield, %
time. min TeC sunflower oil | used sunflower oil | ester based ester based
' i (SO) (USO) on SO on USO

60 150 244 22,6 258 239
120 150 339 27,4 36,4 34,8
180 150 57,6 47,6 58,1 56,6
240 150 66,2 55,1 70,1 64,7
60 180 294 24,5 32,3 31,1
120 180 43,4 28,1 45,6 444
180 180 60,2 49,6 67,8 65,1
240 180 69,8 61,5 76,4 74,6
60 200 434 34,2 47,7 45,6
120 200 55,6 48,6 59,1 56,7
180 200 67,3 59,4 69,4 68,1
240 200 72,1 63,2 79,3 76,3

According to the results of table 2, it was revealed that the yield of fatty
alcohols increases with increasing contact time and temperature.
The highest yield of fatty alcohols is observed when sunflower oil esters are
used as raw materials at a temperature of 200 ° C (contact time is 240 minutes) and

reaches 79.3%.
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It was noted that the yield for samples of raw materials obtained on the basis
of spent sunflower oil was slightly lower than for the original oils. So, at 200 °C
and a contact time of 240 minutes, the yield of alcohols based on sunflower oil and
its spent sample was 72.1% and 63.2%, respectively.

A comparative analysis of the main characteristics of fatty alcohols based on
various raw materials is presented in the form of figures 1-3.
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Figurel — Density of different fatty alcohols, which were obtained
on the basis of various raw materials:
1 — ester of vegetable oil; 2 — ester of used vegetable oil; 3 — vegetable oil; 4 — used vegetable oil

Figure 1shows that fatty alcohols obtained from vegetable oils have higher
density than those obtained from esters. The highest density of 880 kg/m® was
recorded for fatty alcohols derived from used vegetable oil, while the lowest density
of 815 kg/m?® was attributed to alcohols obtained from ester of vegetable oil. This
proves that molecules of fatty alcohols derived from vegetable oil are spatially
arranged more densely than their esters.
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Figure 2 — Dynamic viscosity (Pa*s) of different fatty alcohols, which were obtained

on the basis of various raw materials:
1 — ester of vegetable oil; 2 — ester of used vegetable oil; 3 — vegetable oil; 4 — used vegetable oil

As shown in figure 2, the viscosity of fatty alcohols increases when using the
initial vegetable alcohols as raw materials, which is confirmed by data on the
determination of the flash point of the obtained alcohols shown in figure 3.
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Figure 3 — Flash point (°C) of different fatty alcohols, obtained
on the basis of various raw materials:
1 — ester of vegetable oil; 2 — ester of used vegetable oil; 3 — vegetable oil; 4 — used vegetable oil

These fatty alcohols were used to produce new nonionic surfactants, which are
characterized by a high biodegradation rate, low toxicity, lack of carcinogenicity
and do not have undesirable effects on the skin and mucous membrane. Alkyl
polyglycosides belong to this type, carbohydrate fragments (glucose, maltose, etc.)
act as polar groups in their molecules, and the non-polar part is a long-chain hydro-
carbon radical.

Based on the above analysis of fatty alcohols, it was revealed that the best
yield with optimal characteristics was achieved when vegetable oil esters and its
spent sample are used as raw materials.

The reaction for the production of surfactants is the interaction of glucose with
excess fatty alcohol, which minimizes the oligomerization of carbohydrates.

The results on the production of surfactants based on fatty alcohols of esters
of the source and waste vegetable oil are shown in table 3.

Table 3 - Yield of the surfactant

Temperature, °C Raw materials for fatty alcohol Yield, %
90 69
95 vegetable oil ester (VOE) 73
100 68
90 59
95 waste vegetable oil ester (WVOE) 62
100 58

According to the results of table 3, it was revealed that the most favorable
reaction temperature is 95 °C, after which increase by 5 °C a rather sharp decrease
in the selectivity of the reaction is noted.

Table 4 presents the results of the study of the main physicochemical charac-
teristics of the obtained alkyl glucosides.
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Table 4 — Physico-chemical characteristics of surfactants

Reaction Raw materials Critical micelle Surface Hydrophilic-
temperature, for fatty alcohol concentration, tension, lipophilic
°C production g/l mJ/m? balance
90 0,14 35 8
VOE
95 0,04 32 11
90 0,12 31 10
WVOE
95 0,03 28 13

It is known that one of the most important properties of surfactants is the
washing action, which is associated with their physicochemical characteristics.
Based on the analysis of the data given in Table 4, it follows that with an increase
in the reaction temperature, a decrease in the critical micelle concentration of the
formed surfactants is observed, which indicates an increase in the washing ability
of the studied alkyl glucosides.

The authors of [11] revealed that surfactant compositions for removing oil
contaminants should have a low interfacial tension at the interface with the non-
polar phase, since surface tension is the main force preventing the removal of liquid
contaminants. With increasing temperature, the surface tension decreases, which is
justified by an increase in the average distance between molecules and a decrease
in the attractive forces between molecules.

When studying the surface tension (o) of the four obtained surfactant samples,
it was found that the surface tension values at the solution — air interface for
nonionic surfactant mixtures were low in the range 32-35 mJ/m2,

According to the results of determining the hydrophilic-lipophilic balance, it
can be concluded that the developed alkyl glucosides based on fatty alcohols from
esters of plant materials and their spent samples can be effective emulsifiers.

Conclusions. Thus, the results obtained testify in favor of an economically
viable and environmentally friendly method of utilizing vegetable oil waste to
obtain fatty alcohols based on it and create new nonionic surfactants.
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Pesrome
M. A. Enybai, E. Opasbexynvl, I. C. Aimxanuesa, A. b. Ucmaunosa

OCIM/IIK IIIMKI3ATBIHAH MAMJIbI CLIUPTTEPI AJTY
KOHE OJIAPIbI KOJITAHY

Byn sxymbIc eciMaik MainapbiHaH (KYHOAFbIC Maibl peTiHIE NaiiTalaHblIFaH KOHE
nmaiianaHelIFal KYHOAFbIC Maiibl PETIHIC allbIHFaH) XKoHE oapabiH 3dupiapeiHan Cu-Cr
OKCHIII KOCBUIBICTApbl 0Oap KaTann3aToOphl KATBHICBIHAA aJbIHFAH MAaWjbl CIHPTTEP
OHJIipiciHe apHaNFaH. Malabl CIUPTTIH €H KON IIBIFBIMBI KYHOArblC Maiibl 3(UpIepin
200 °C temmepaTypaaa IIMKi3aT peTiHae naigalanbuFanaa (opekeTrecy yakpITel 240 Mu-
HyT) 79,3% Kypaiapl. Maliiasl cOEPTTEpAEPIiH HETI3ri CHIaTTamMaiapbl 3€pTTENAl JKOHE
oJIap/IbIH MOHABI eMec OeTTIK OeceH I 3aTTapatya KOJIAaHbLUTy MYMKIHJIITT aHBIKTaIIIbL.
Honnpl emec OeTTik OeliceHal 3aTTapibl CHHTE3JCY PEaKUUSICHIH MOJIIPIIBIK KaThIHACHI
1: 1,5 colikeciHie II1I0K03a MEH Mailyibl CHMPTIHEH JKOHE KaTalu3aTop PeTiHIE Ty3 KbIlI-
KBUIBIHBIH KaTbIChIHIA yprizeai. [Ipornecc 90-100 °C remneparypana 3-4 carat iminuae
peakius MaccachlH K1l apajacThIpyMEH XKYpeai, peaklus COHbIH/IA KaTalIn3aTop CUITIMEH
pH 9-11 neiiin GefiTapanTaHABIPBIIANEL. PeakIUsHbIH €H KOJIalibl TeMiepaTypacsl 95 °C
eKEH/IIT1 aHBIKTaJbI, Oy Temnepatypa 5 °C jkorapbUlaFraH/a peaKIUSHBIH CeEKTUBTIIIT
KYPT ToMeHae 1. OciMIIik d(upIiepiHiH TUAPOTeHN3aIUICHIMEH aJIbIHFAaH MalJIbl CTUPTTED
IIUKI3aT peTiHAe MainamaHbuFal Kargaiaa 73% Kypaibel, aln naiganaHblUIFaH oCiMIIK
MalIapbeIHEIH AGHUPIEPIHIeTI Maliasl CIUPTTEPAiH MIBIFBRIMBI 62% Kypaiasl. AJBIHFaAH
OeTTiK OeJICeH 1 3aTTaplbIH HETi3Ti (PU3NKA-XUMUSUIBIK CHITATTaMaaphbl 3€PTTEIl JKOHE
3epTTENreH aJKHITTIOKO3UITEP/IH JKaKChl JKYY KOHE SMYJIbCUSUIBIK KadijeTi 6ap eKkeHIiri
aHBIKTAJIJIBL.

Tyiiin ce3aep: Mailbl cliupT, TUIpPICY, OCIMIIK IIMKI3aThl, NalIadaHblIFaH KYHOa-
FBIC Maiibl, OETTiK-OesceH i 3aTTap, TuApOGMILAI-TUIOPHIBII OaaHc, SMyIbrarTopiap.

Pe3iome
M. A. Enybaii, E. Opaszbexynvt, I. C. Aumxanuesa, A. b. Ucmaunosa

IOJIYYEHUME XMPHBIX CITMPTOB 3 PACTUTEJIBHOI'O CbIPbA
N X UCIIOJIb3OBAHUE

JlanHas paboTa MOCBSIIEHA TOYYCHHUEO )KUPHBIX CIIUPTOB U3 PACTUTEIBHOTO CHIPHS,
B Ka4eCcTBE KOTOPOTO MPUMECHSUIH KaK MCXOIHOC M OTPabOTaHHOE MOJCOHEYHOE MACIO,
TAKKE M MX CJIOXHBIE 3(DHUPbI, MOTyUYEHHbIE MyTeM dTepuUKalu/IPUMEHEHHEM KaTa-
nu3aropa, copepikaiiero coenunerus Cu-Cr okcuga. Hanboubiuiit BEIXO IKUPHBIX CITUP-
TOB HAOJIOACTCSI IPH IPUMEHEHHH B Ka4E€CTBE ChIPbS CII0KHBIX A3(UPOB MOACOTHEIHOTO
Macia nipu Temmeparype 200°C (Bpems koHrtakta - 240 mMuHyT) M gocturaet 79,3%.

95



XUMHYECKHHU )XYPHAJI KA3AXCTAHA

W3ydeHsl OCHOBHBIE XapaKTEPUCTUKH KUPHBIX CIIUPTOB U BBIABICHO, YTO OHH MOTYT CIy-
JKUTh HETIOJIIPHOW YacThIO JIJISl TIPOM3BOJCTBA HemoHOTeHHbIX [TAB. Peakmmro cuHTe3a
HenoHoreHHoro I1AB Ha OCHOBE IIIOKO3bI U )KUPHOT'O CIUPTa B MOJIBHOM COOTHOIIEHHUU
1:1,5 cCOOTBETCTBEHHO B MPHUCYTCTBHM KHCIOTHOTO KaTaJH3aTopa, B KaueCTBE KOTOPOTO
HCTOJIB3YIOT COJsiHYI0 Kucnoty. [Ipouecc npotekaer mpu Temnepatype 90-100°C B Te-
YyeHue 3-4 4acoB IPY MHTCHCUBHOM ITEPEMEIINBAHUH PEAKIIMOHHOW MACCHI, IO OKOHYAHHEO
peakIyu KaTaau3aTop Heirpamusyercs menousio g0 pH 9-11. BeiseieHo, uto Hauboee
OnaronpusATHON TeMneparypoi peakuuu siisercs 95 °C, mocie NoBbIIEHHUS KOTOPOTO Ha
5 °C oTMmeuaercsi IOCTATOYHO PE3KOE CHIDKEHHUS CENIEKTHMBHOCTH peakuuu. Hawmywimii
Bbixon [TAB oTMewaercss mpu MPUMEHEHWH B Kau€CTBE CHIPBS JKHUPHBIX CIIHPTOB, MONTY-
YEHHBIX THAPUPOBAHHUEM CIIOXKHBIX A(HPOB PACTUTEIBHOTO CBHIPBs, U cocTaBisieT 73%,
TOTJa KaK BBIXOJ JKAPHBIX CIIHPTOB U3 CIOKHBIX A(QHPOB OTPAOOTAHHOTO PACTUTEIHHOTO
ceIpbsi gocturaetr 62%. VccrmenoBanbl OCHOBHAS (DYM3UKO- XMMHYECKAsT XapaKTEPHUCTHKA
mony4deHHBIX [IAB W ycTaHOBIEHO, YTO HCCIEAyeMble ATKWITTIOKO3HAR 007amaroT
JIOCTaTOYHO XOPOIISH MOIOIIEH U AIMYJIBIHPYIOIICH CITIOCOOHOCTHIO.

KiroueBble c10Ba: KUPHBIC COHPTHI, THIPUPOBAHUE, PACTHTEIBLHOE CHIPbE, OTpa-
0OTaHHOE IMMOJICOTHEYHOE MACIIO, CIIOKHBIC 3(UPHI PACTUTEILHOTO CHIPHS, IOBEPXHOCTHO-
aKTUBHBIC BEIECTBA, TUAPOPIIHLHO-TUIO(DUIBHBIA OaJlaHC, IMYJIBIaTOPHL.
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