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Abstract. The processing of fat-containing waste from meat-packing enterprises that cannot be landfilled is an
urgent problem. The authors developed the technology of processing fat-containing waste in a chemical reactor
in one step, without dividing the technology into two steps: triglyceride hydrolysis and fatty acid amide production.
The technology for processing fat-containing waste was tested in a laboratory plant. The target product obtained
was analyzed using IR spectroscopy. As a result, the structural formula was clarified, functional groups were
determined, and chemical intermediates in the synthesis process were identified. The proportions of the reagents
were determined: technical fat in the amount of 65.3-72.4 wt%, monoethanolamine — 14.5-17.0 wt% and boric
acid — up to 100 wt% of the mixture. The reaction time was 1.5 h. The protective effect was selected as a quality
control indicator of the surfactant obtained. Solvent selection was carried out for producing anticorrosive materials.
1-20 industrial oil, diesel fuel and SN-150 oil were selected as solvents. Electrochemical studies carried out
on the AVTOLAB PGSTAT302N potentiostat-galvanostat made it possible to determine the mechanism of action
of the surfactant as a corrosion inhibitor. Its optimum concentration was found to be 15%, with a protective
efficiency of 99.33%. To increase the protective anticorrosive efficiency of the surfactant, the tests were carried out
in a humidity chamber for 60 days on St3 steel plates. The test results showed high efficiency of the surfactant used
as a corrosion inhibitor, with the Z value of more than 90%.
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Annorauus. IlepepaboTka >KHPOBBIX OTXOIOB MsicoliepepadaThIBAIONINX MPEINPHATHIA, HE TMOAIECKAIIUX
3aXOpPOHEHHMIO, SIBISAETCS aKTyaJbHOM mpoOneMoid. B pabore mpeayiokeHa TeXHOIOTHs epepabOTKU KUPOBBIX
OTXOJIOB, TTO3BOJISAIOIIAST B XUMUYECKOM PEAKTOPE OCYLIECTBUTh CHHTE3 POIYKTA B OIHY CTAJIMIO, O€3 pa3/ieNieHust
TEXHOJIOTUM Ha JiBa 3Tana: TMApOJIN3a TPUNIULEPUIOB U MOJYUYEHUS] aMUIOB JKUPHBIX KHUCIOT. TexHomorus
nepepadoTKN JKUPCONEPIKAIIMX OTXOJOB ObLIa pealn3oBaHa Ha J1aOOpaTopHOU ycTaHoBKe. IlomydyeHHbIH
1eJTIeBOM MPOIYKT OBbLT MPOaHaIM3UPOBaH ¢ ucnoib3oBanreM MK-cnekrpockonmu. B pesynsrare Obiia yTouneHa
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TEXHUYECKUM CEPBUC B AMK ArpounnxeHepus. 2024. T. 26, Ne 2. C.57-64

CTpYKTypHasi (opMyna, omnpeeieHbl (DYHKIMOHAIBHBIC TPYIIbBI, a TaKXKe YCTAHOBJICHBI MPOMEKYTOYHBIC
XMMHYECKHE COEIMHEHHUSI B MPOIECCe CHHTE3a. YCTAHOBJIEHBI COOTHOIICHHUS PEAareHTOB: TEXHUYECKUH >KUP
B KonmuectBe 65,3...72,4 mac.%, MmoHoaTanomamuH — 14,5...17,0 macc.% u 6opras kuciora — 10 100 macc.%
cmecu. Bpemst mporexanus peakiyu 1,5 4. B kadecTBe nokaszarens KOHTPOJIS KadecTBa, noiayuenHoro [TAB, BoiOpan
3amUTHBIN YQdeKT. s M3roToBIEHNS 3aUTHBIX MAaTEpPUAIOB OT KOPPO3HUH IIPOBEAEH MOIO0p PACTBOPHUTENS.
B kauectBe pactBopuTeneill BbIOpaHbl MHIYycTpuanbHoe macio M-20, nusenbHoe TommmBo U Maciao SN-150.
DJNEKTPOXMMHUUECKUE HUCCIIeI0OBaHUs, IPOBECHHbIEC Ha IoTeHocTare-rasibBaHoctare AVTOLABPGSTAT302N,
MO3BOJIMIIA  OTIPEZIENIUTh MexaHu3M JeicTBusi [IAB B kauecTBe MHTHOWTOpa KOPPO3WH. YCTaHOBJIEHA €ro
ONTUMAaJIbHASI KOHIIEHTpalysl B pactBope 15% wm 3anmrHbIid dQderT (3ammrHas d3dpdekTuBHOCTE) — 99,33%.
JIysl TIOBBIIICHHST TOCTOBEPHOCTH PE3YJIBTaTOB 3alIUTHONW aHTHKOPPO3HOHHOW 3(dextuBHOCTH [TAB, ObLTH
MIPOBE/ICHbI MCIIBITAHUSI B KaMepe BJIAXKHOCTH B TeueHHMH 60 CyTOK Ha MeTalIMuecKkux IuiacthuHax uz Cr3.
PesynbraTel nCTBITAHUI TIOKa3aIM BBHICOKYIO A dekTuBHOCTh [TAB, uCmonp3yeMoro B KauecTBe MHIHOMTOpA
Koppo3ui (Z 6omnee 90%).

KiroueBble ciioBa: TeXHOIOrUsl nepepabOTKU KUPOCOAEPKAILUX OTXOA0B, OPIrAHUYECKUI CUHTE3, THIPOIIH3,
MOBEPXHOCTHO-aKTHBHBIC BEIIECTBA, JKOJOTMYECKas O€30MacHOCTh, JKUPHBIE KHUCIOTHI, TPHUIIHIIEPUIbI,
MHTUOUTOPBI KOPPO3HH, 3aLIUTHAS 3PPEKTUBHOCTD

Hast uurupoBanusi: [aiigap C.M., [Tukuna A.M., Cepreesa H.A., Jlancapr O.M. Texnomorusi mpou3BoJCTBa
3aIIUTHBIX aHTUKOPPO3UOHHBIX MaTepualioB U3 )KUPOCcoIepKamx oTxonoB // Arpoumxenepus. 2024. T. 26, Ne 2.

C. 57-64. https://doi.org/10.26897/2687-1149-2024-2-57-64

Introduction

The efficient processing and utilization of fat- contain-
ing waste is an unsolved problem. A significant proportion
of the secondary resources generated by the industrial pro-
cessing of agricultural raw materials are used inefficiently
and often end up in landfills or waterways, causing sig-
nificant environmental damage. Waste water from many
meat processing enterprises contains fat emulsions, which
are class 4 waste. Flotation treatment of this waste water
results in the formation of by-products (fatty foam mass-
es). The decontamination and utilization of this waste is
a pressing issue . Organic fat-containing waste cannot
be landfilled and its incineration is problematic” [1].

From an environmental and economic point of view,
it is preferable to use this waste as raw materials for man-
ufacturing secondary products. Thus, the annual process-
ing of 110-115 million tons of agricultural raw materi-
als generates more than 50 million tons of by-products,

' Fundamentals of the State Policy in the field of environmental
development of the Russian Federation for the period up
to 2030. Approved by the President of the Russian Federation
on 30.04.2012. [Electronic source]. (In Russ.) http://www.kremlin.
ru/events/president/news/1577

* Shvanskaya I.A., Konovalenko L.Yu.Use of waste from
processing industries in livestock farming: scientific analytical review.
Moscow, Russia: FGBNU “Rosinformagrotekh”, 2011:96. (In Russ.)

?Sizenko E.I, Komarov V.I. Secondary raw materials
of the food and processing industry of the russian agro-industrial
sector and environmental protection: reference book. Ed.
by Sizenko E.I. Moscow, Russia, 1999:68. (In Russ.)

* Fedorenko VF., MishurovN.P, GolubevI.G., Ne-
menushchaya L.A., Konovalenko L.Yu.Deep processing
of agricultural raw materials. Moscow, Russia: FGBNU
“Rosinformagrotekh”, 2017:164. (In Russ.)

which represent a significant reserve for obtaining vari-
ous types of products’ [2, 3].

At present, only large companies collect and process
by-products. According to the standards of E.I. Sizenko’
about 1888 thousand tons of by-products can be obtained,
but only about 30% of this volume is actually collected.
The profitability of industrial enterprises does not exceed
3-4%. With full collection and utilization of by-products
the profitability can be tripled.

The transition to low- and zero-waste production cy-
cles will help solve the problems of rational use of nat-
ural resources and environmental protection. Scientific
developments in the processing of fat-containing waste
into biogas, liquid and solid biofuels will solve the prob-
lem of environmental safety for companies in the in-
dustry”.

For example, waste from the meat industry is an in-
expensive renewable raw material for the production
of surfactants. Surfactants are mainly synthesized from
fatty acids derived from vegetable and animal fats (tri-
glycerides)®. Surfactants are used to produce detergents,
corrosion inhibitors, emulsifiers, mineral dispersants, lu-
bricating oil additives’, etc.

The aim of the research is to develop a technolo-
gy for the synthesis of surfactants from fat-containing
waste from meat processing enterprises, to carry out

* Slaughter of animals in meat processing plants, meat-packing
plants, livestock by-products. ITG 43-2017. (In Russ.)

8 Zakupra V.A. Methods of analysis and control in the production
of surfactants. Moscow, Russia: Khimiya, 1977. (In Russ.)

" Abramzon A.A. Surfactants: properties and applications.
Leningrad, Russia: Khimiya, 1981:304. (In Russ.)
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physicochemical analysis of the surfactant obtained
and to evaluate its potential use as a corrosion inhibitor.

Materials and methods

Animal fats are esters of the triatomic alcohol glycerol
and of higher fatty acids:

CH,~ OCOR’
CH - OCOR’
CH,~ OCOR”

Chicken fat obtained from non-food raw materi-
als with quality indicators that are in compliance with
GOST 17483-73 is used for producing surfactants.

Triglycerides of animal fats contain saturated and un-
saturated fatty acids.

Fatty acids with an even number of carbon atoms, as
well as palmitic (C,,), stearic and oleic (C,;) acids pre-
dominate in animal fats®.

Ethanolamines (EAs) are products of petrochemi-
cal synthesis from ethylene oxide and ammonia and are
widely used for producing surfactants’. Monoethanol-
amine (MEA) is used in organic synthesis.

Boric acid (H,BO,) was used for producing fatty acid
amides'’. The outer shell of boron has three electrons,
so in trivalent compounds it does not have a full elec-
tron octet and has a great affinity for electron-donor re-
agents, forming molecular bonds with them, causing B
to become tetracoordinated and adopt a tetrahedral con-
figuration. It is known that borates of amino alcohols can
act as inhibitors of steel corrosion’. The increase in the
protective ability of mono-, di- and triethanolamine bo-
rates in comparison with aminoalcohol is apparently due
to the formation of a thinner protective film on the met-
al surface, formed simultaneously by a donor-acceptor
mechanism through the OH-group of the aminoalcohol
with homosorption of borate ions.

The processing of fat-containing waste from the meat
industry consists of two stages. In the first stage it is nec-
essary to solve the problem of separation of fat from wa-
ter (waste water from catering, meat and dairy industries
contains a significant amount of fat components in the
emulsified state. In the second stage after hydrolysis
of fats (triglycerides), ethanolamides of fatty acids are
obtained as a product of condensation of fatty acids with
ethanolamine borate.

¥ Tyutyunnikov B.N., Bukhshtab Z.I., Gladkiy F.F. et al.
Chemistry of fats. 3rd ed. Rev. and sup. Moscow, Russia: Kolos,
1992:448. (In Russ.)

? Shenfel’d N. Nonionic detergents are products of the addition
of ethylene oxide. Moscow, Russia: Khimiya, 1965:488. (In Russ.)

' Samsonov G.V., Markovskiy.LYA., Zhigach A.F., Valyash-
ko M.G. Boron, its compounds and alloys. Ed. by G.V. Samsonov.
Leningrad, Russia: Khimiya, 1960:215. (In Russ.)
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A process of the production of fatty acid am-
ides includes a stage of heating to a temperature
of 180°C for 1.5 h of technical fat (TF), monoethanol-
amine (MEA) and boric acid (BA) at a ratio of technical
fat, monoethanolamine and boric acid taken in the ratios:
65.3-72.4:14.5-170:100 wt% [4].

The reaction of hydrolytic cleavage of fat and obtaining
of fatty acid amide is carried out according to the algorithm:

H,C—OCOR

Ho,N—CH,—CH,—OH  HO ‘

~ 135°C - 150°C
+ B—OH + HC—OCOR —————>

H;N-CH,—CH,—OH  HO H—OCOR H0
H,C—OCOR
HoN—CH,—CH,—0_ i H,0, H'
. /BfoH + HC—OCOR ——>
H,N—CH,—CH,—0 Hzc‘;_OCOR
H,C—O

H,N—CH,—CH,—O ‘ o, .0 _
B—OH + HC—O +3H +3 R—C( +30H —>
H,;N—CH,—CH,—0 ‘

—_—

H,C—O
Hag—On o HoN—CH,—CH,—O % - 180°
N ™ -
—= 2| HC—OH +3R-C7 |[+3 >BfoH 175HCO1800
HZ‘C_OH OH H N—CH,—CH,—0 B
H,C—OH
R-CONH-CH,—~CH, 0, \
> B—OH + H(\)*OH
R-CONH—CH,—CH,~0 HyC—OH

First, amino alcohol and boric acid are added to the reac-
tor. The reaction mass is stirred and heated up to 110°C until
a homogeneous mixture is formed. Then at the temperature
of 135 to 150°C the condensation reaction takes place with
the formation of amino alcohol borate and release of water.
When triglycerides are introduced into the reactor, steam
and boric acid catalyst act simultaneously on the fat. Bo-
ric acid provides an active proton which promotes the at-
tachment of water molecules in the process of triglyceride
hydrolysis. This results in the hydrolytic cleavage of the tri-
glyceride to form fatty acids and glycerol.

When triglycerides are hydrolyzed, it is the acyl-ox-
ygen bonds that are broken, not the akyl-oxygen bonds.
As aresult, H' is bound to the alcoholic residue and OH
to the acyl group [5].

When the temperature of the reaction mass is raised
to a temperature of 180°C, a condensation reaction takes
place to form fatty acid amides. The final product is
a mixture of fatty acid amides and glycerol.

A sample of surfactant was prepared in a laboratory
plant. Chemical analysis of the surfactant obtained was
carried out by IR spectroscopy'' using a Spoctrun Two
instrument (PerkinElmer, USA).

The amine number was determined according
to the following procedure: 1.0 to 1.2 g of the surfactant

" Pretsch E., Buklmann F., Affolter K. Structure Determination
of Organic Compounds: Tables of Spectral Data. Translated from
English by Tarasevich B.N. Moscow, Russia: Mir BINOM.
Laboratoriya znaniy, 2009:438: il. (Metody v khimii) (In Russ.)
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obtained was poured into a 250 ml conical flask, then
35 ml of benzyl alcohol and 5 ml of isopropanol were
added. The mixture was stirred until a clear homogeneous
mixture was obtained. It was then titrated with a 0.1H
solution of HCl in isopropanol to a pH value of 4.0.

The amine number (A, mg HCl/g) was calculated us-
ing the following formula:

A=3.65-V/m,

where V is the volume of HCl solution used for the titra-
tion, ml; m is the mass of the surfactant, g.

To determine surfactant solubility in hydrocar-
bons, the aniline point was determined using the AST-
MD611-2016 method. Surfactant solubility was deter-
mined as follows: from 5 to 25% of the surfactant was
added to 80.0 to 85.0 grams of [-20A mineral oil, SN-150
oil or to diesel fuel (DT). The mixture was heated to 60-70°
C with stirring for 30 min, then cooled to room temperature
and kept at this temperature for 10 days. The stratification
and/or precipitation of the mixture was observed.

The mechanism and efficiency of the anticorrosion
protection were determined by electrochemical studies
using the AVTOLAB PGSTAT302N potentiostat-galva-
nostat [6, 7].

The tests in the humidity chamber were carried out
continuously for 60 days at a temperature of about 50°C
and a relative humidity of 100%. At the same time,
the specimens were periodically checked for the presence
of corrosion centers on their surfaces.

The effectiveness of the obtained surfactant
as a corrosion inhibitor was evaluated according
to GOST 9.054-75 (method 1) [8, 9, 10].

ArpounnxeHepus. 2024. T. 26, Ne 2. C.57-64

Removal of corrosion products was carried out ac-
cording to GOST 9.907-2007.

The rate of corrosion processes was determined
by weighing the plates before and after the tests. The rate
of corrosion processes was determined according to the
formula:

_tAm
© s’
where + Am is the change in the mass of the plates during
the test, g; S is the square of the plate, m’; T is the test time, h.

The specimens were weighed after the tests before
the removal of corrosion products (+Am), and after their
removal (—Am).

The protective efficiency (Z) was determined accord-
ing to the formula.

(Kc _K1)

Z = -100%,

where K , K, are corrosion rates of the control specimen
and the specimen preserved with the composition.

Results and discussion

The results of IR spectroscopy of the surfactant are
presented in Figure 1.

The analysis of the IR spectroscopy results (Fig. 1)
shows that during the amidation process, the intensity
of the absorption band at 1619 cm™ is observed, which
corresponds to the carbonyl group of tertiary amides
in the spectrum of the reaction products.

Simultaneously, absorption intensities of ester
groups (1739 and 1074 cm™") are observed in the spectrum,
which can be explained by the parallel formation of amino

PerianElmer Specinum Vension 10.03.09
Saturday. May 20, 2023 941 AW

Analyst Dbnd2023
Date Saturday, May 20, 2023 8:41 AM
1015
95
% S
3310 22cm-1 \\ N Y

85 3008 ETom:-1 17382 1om-1

80 1364 Bdem-1
o Ay
2 _
o 75 &09.18cm

S S,
N, 1464 32em-1 721 fem-1
TH \
1619 28cm-1
651 2853 Z3cm-1
B+ 2922 BTem-1
1074 21em-1
55 v . v T T —
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cm-1

Fig. 1. IR spectroscopy of surfactants

Puc. 1. UK-cnekrpockonus [IAB
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esters in equilibrium with amides. Increasing the reaction
time at 180 to 200°C does not affect this equilibrium.

It is also noteworthy that the decrease in the absorp-
tion intensity of the hydroxyl group band (valence vi-
brations: -OH = 3274 cm™, C-OH = 1053 ¢cm™) occurs
practically up to 2.5 h of synthesis.

To determine surfactant solubility in hydrocar-
bons, the aniline point was determined (Table 1). One
of the qualitative indicators of surfactants is the amine
number. The results of the determined amine number
and surfactant solubility are given in Table 2.

The analysis of Table 2 shows the following:

- increasing the ratio of boric acid to ethanolamine
raises the amine number of the resulting surfactants;

- increasing the reaction time reduces the amine num-
ber of the surfactants obtained (when the reaction is car-
ried out at 180 to 200°C for one hour, the amine number
decreases to 49.2 mg HCl/g).

The process of surfactant dissolution in hydrocarbons
shows the following:

- the lower the aniline point of the solvent, the high-
er the solubility of the surfactant obtained. The solubility
of the surfactant decreases in the order: DT>I-20A>SN-150;

- the longer the reaction time, the higher the solubility
of the surfactants obtained;

- as the ratio of ethanolamine to triglyceride in the
initial reaction mixture increases, the solubility of the ob-
tained surfactants in the solvent decreases;

- increasing the ratio of boric acid to ethanol-
amine in the initial reaction mixture has no significant

TECHNICAL SERVICE IN AGRICULTURE

effect on the solubility of the obtained surfactants in the
solvent.

It is found that the surfactant at a concentration of 5
to 25 wt% in [-20A mineral oil is an inhibitor of anod-
ic action and ennobles the stationary potential (Fig. 2).
The greatest protective effect is observed at the 15% sur-
factant content in mineral oil (Table 3).

The preservation oil containing surface-active mole-
cules is easily permeable to electrolyte solutions, which
enables polarization measurements on metals coated with
them. The results are presented in Table 3 and Figure 2.

The effectiveness of the obtained surfactant as a cor-
rosion inhibitor was evaluated in the humidity chamber.
The preservation oil was prepared in the following ratio:
surfactant — 15%, I-20A oil — 85%. St3 steel plates were
used as specimens, three specimens for each test.

The first corrosion centers on the control specimens
appeared after 12 hours of testing. The onset of pit-
ting on the specimens preserved with the preservative
oil (15% surfactant solution in I-20A oil) was observed
after 816 hours (34 days).

After 60 days of testing, the control specimens had
100% corrosion products on the surfaces.

The test results are presented in Figure 3 and Table 4.

Removal of corrosion products was carried out ac-
cording to GOST 9.907-2007 with a solution (1000 cm’)
consisting of 100 g of citric acid, 50 cm’ of sulfuric acid,
2 g of thiourea (distilled water was used as a solvent).

The protective effect of the anticorrosion coating was
7" =98.78%; Z" =99.33%.

Table 1
Aniline point value of solvents according to the ASTMD611-2016 method
Tabnuyal
3HaueHune aHWJIMHOBOIT TOUKH pacTBopuTeeii mo metony ASTMD611-2016
Oil solvent Diesel fuel Oil I-20A Oil SN-150
Aniline point 72.1°C 90.3°C 113.8°C
Table 2
Determination of the amine number and surfactant solubility in hydrocarbons
Tabnuya 2
Onpenesiene aMuUHHOTO YKciIa 1 pacrBopumocti ITAB B yriieBogoponax
. Reaction time at the temperature .
Reagent ratio (g/g) of 180 0 200°C Mass Mass Amine Surfactant solubility
No. of the surfactant | of extracted | number, - -
Technical | Monoethanolamine | Boric Obtaining Reaction |  obtained, g water,g | mg HCl/g DT Oil oil
fat (TF) (EA) acid (BA) | of the clear solution |  time 1-20A | SN-150
1 130 65 6.5 20 min. 1h 192.3 7.8 479 + | + -
2 130 65 9.75 40 min. Lh 195.1 9.2 48.1 + |+ +
3 130 65 13 1h 1h 194.0 11.2 49.2 + | + +
4 130 65 16.25 1h Lh 196.4 12.4 50.8 + | + +
5 130 65 19.5 1h 1h 195.2 17.9 52.7 + |+ +
rangap C.M., MukuHa A.M., Cepreesa H.A., Nancapb O.M. TexHonorvst Npou3BoACcTBa 3aLMTHBIX @HTUKOPPO3UOHHbIX... 01



TEXHUYECKUM CEPBUC B AMK ArpouHxeHepus. 2024. T. 26, Ne 2. C.57-64

Table 3
Results of electrochemical measurements on St3 steel coated with films of I-20A oil with the surfactant in 0.5% solution of NaCl
Tabnuya 3
Pe3ynbTarsl 31eKTpOXUMHYCCKHX H3MepeHnii Ha ctaau Cr. 3, nokpsbIToii miienkamu maciia U-20A ¢ ITAB B 0,5 M pacrsope NaCl
Electrode Corrosion current | Tafel’s cathodic | Tafel’s anodic | Corrosion rate Protective effect
Studied mixture potential density (i), constant (b,), constant (b ), (K,10™), 2), %
-E, )V Alm’ my my kg/m’h e
Control specimen 0.47 0.063 100 60 0.670 -
1-20A 0.01 0.018 100 66 0.185 72
[-20A +5% of the surfactant 0.05 0.008 100 100 0.0832 88
1-20A +10% of the surfactant 0.09 0.006 75 85 0.065 90
1-20A +15% of the surfactant 0.08 0.0058 100 100 0.061 91
[-20A +20% of the surfactant 0.04 0.008 75 70 0.083 88
1-20A +25% of the surfactant 0.05 0.025 100 100 0.26 61
EV
n I i ! i : : | = Control
0 ] i e e : : == I-20A
. I I f | : ! == [-20A (+5%)
= 1-20A (+10%)
“I-20A (+15%)
: I-20A (+20%)
I-20A (+25%)
. “ 2
o gi [i. A/m?]
3 2 1 0 1 2 3 4
Fig. 2. Polarization curves of St3 steel at surfactant concentration in I-20A:
A —5%; l—10%; Bl - 15%; © —20%; 0 -25%
Puc. 2. Iloasipuzauuonnslie kpusble Ha ctaiau Ct3 npu konuentpauuu I[TAB B U-20A:
A —5%; Il — 10%; B — 15%; O —20%; 0 -25%
. h: L Ju;i
Control specimen before testing Anticorrosive-coated specimen before testing

Control specimen after testing Anticorrosive-coated specimen after testing

Fig. 3. Test results in the humidity chamber

Puc. 3. Pe3yabTaThl HCILITAHNI B KaMepe BJIAKHOCTH
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Table 4
Results of corrosion tests in the humidity chamber
Tabnuya 4
Pe3ysbTaThl KOPPO3HOHHBIX HCIILITAHUI B KaMepe BJIA:KHOCTH
No. Mass of the specimen Mass of the specimen Mass of the specimen Change in [nass Protective
of the specimen*® before testin; after testin, after removal of the specimen effect, %

P &8 &8 of corrosion products, g after testing, g, +Am > 70
+0.2640

1C 57.1742 57.4382 56.3203 0.8539
+0.2356

2C 57.3145 57.5501 56.4630 0.8515 -
+0.2140

3C 57.3601 57.5741 56.6975 0.6626
+0.0031

u 57.0112 57.0143 57.0057 0.0055
+0.0043 Z'=98.78

21 57.3274 57.3317 57.3196 0.0078 729933
+0.0026

37 57.3448 57.3474 57.3389
—0.0059

* C — control specimen, I — anticorrosive-coated specimen

Conclusions

The production of surfactants from non-food fatty
raw materials solves the environmental problem associ-
ated with the use of fat-containing waste. The technolo-
gy developed makes it possible to synthesize the prod-
uct in one stage in a chemical reactor without dividing
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