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Imidaszoninu ompumano amioy8amHam JAAAHOT
onii Odiemunenwmpuaminom. B odocaidxncenni
BUKOpUCMANHO OUMOBY ma aJKiJACipuany CcoJi
anxinimioazoninie. Ouineno emynveyrouy odiro,
30amuicmo 3HUICYEAMU NOBEPXHEGUI HAMAZ HA
Medici po3nodiny ¢asz ma awmuxopositiny 0ito.
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3ana oymosa cinv, a Kpawy anmuxoposiiny 0ito
anKin cipuana cinv imioasoniny
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Hccnedosano  nogepxnocmmno-axmuenoie
ceolicmea amudoOuUMuUOA30AUHOE U UX COJeU.
Hmuoazonunvt nosyuenvt amuouposanuem aoHs-
HO20 Macaa ousmunenmpuamunom. B uccaedo-
8aNUYU UCNOIBIOBANUCL YKCYCHAA U AAKUJICED-
Has coau anxunumuoazoaunos. Bvino oueneno
amyabeupytowee oeticmeue, CnocooHOCmMv CHU-
Jcamo NOGEPXHOCMHOE HAMSICEHUE HA 2PaHUYe
pasdena ¢az u awmuxopposzuonmnoe oeiicmeue.
Jyuwyro cnocoénocmos 00pazoevieamsv SMyivCuu
noxasana YyxcycHas coie, a Jyuuiee AHMUKoOppo-
3uOHHOe Oelicmeue — ANKUICEPHASL COIb UMUOA-
3ouna

Kmouegvie caosa: noeepxnocmmo-axmugnvie
UMUOAZONUNBL, 3AUUMHBIL 3P dexm, IMYyabcus,
nogepxmHocmuoe namscenue, NOGEPXHOCMHASA
axkmueHocms
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1. Introduction

Alkylimadazolines are well-known surface active sub-
stances. They found their application in different fields of
industry such as production of household chemicals, perfum-
ery production, oil and gas production/extraction, building
industry etc [1, 2]. Because of their properties to react with
acids they can easily absorb on the different positive charged
surfaces, such as glass, fibers, metals, rocks. There are a lot
of types of imidazolines which differ by their structure, alkyl
and type of substitute near nitrogen atom.

In some application it is necessary to use nonneutralized
form but in another cases neutralized imadazolines utilizes
as well. There is a big difference in surface active proper-
ties of neutralized (imidazoline salts) and unneutralizes
imadazolines. It is well known that fatty alkylimidazolines
isn’t soluble in water but only disperse in it. In the same time
imidazoline salts not only have a good solubility in water but
also have perfect foaming and emulsifying properties and in
that form can be used as components of mild shampoos.

Unneutralized imidazoline are stable during storage in
dry and cool place but in a little presence of water or alkaline
they can rapidly hydrolyze with amidoamines formation [3].
In acidic media imadazolines are much more stable and can
be stored long time even in form of water solutions. A lot of
chemicals formulations with imadazoline in their composi-
tion are water solution. In this case it is required to use
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imidazoline salts due to their stability against hydrolysis.
But in the form of salts imidazolines have other properties
than unneutralized.

2. Statement of research problem

There is a lot of data about surface active properties of
unneutralized imidazolines as well as properties of betaine
SAS which made from imidazoline. Despite this the data
about properties of imidazoline salts almost absent. Due to
this the aim of the investigations was determination of such
surface active properties as Ability to prevent corrosion,
interfacial tension and emulsifying ability of different
imidazoline salts.

3. Materials and methods

Amidoimidazolines of general formula (a) were used as
unneutralized imidazoline.




It was synthesized by the reaction of linseed oil with
diethylenetriamine under determined optimal conditions
[4]. This product contains 67 % of imidazoline of formula
(a). Obtained imidazoline was neutralized stoichiometric
by amine value by acetic and alkylbenzenesulfuric acid
to obtain imidazoline salts. Anticorrosive ability was
estimated by standard method according to GOST 9.908
and method of maximum bubble pressure for interfacial
tension determination as well. Determination of emulsifying
ability was conducted with standard “bottle test”.

4. Results and discussion

4.1 Corrosion rate and defensive effect

Because of imidazolines are widely used as components of
corrosion inhibitors [5,6] in the first stage of investigations
anticorrosive ability have been estimated. It has been
measured for imidazoline and its salts as well as for reaction
masses which have been took away during synthesis process
of imidazoline.

Obtained results are shown on Fig. 1.
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Fig 1. Dependence of defensive effect from time of
imidazoline obtaining reaction and type of acid which took
for neutralization

As we see on Fig.1 defensive effect of imidazoline and its
salts increases with increasing of reaction time. Defensive
effect of imidazoiline which was neutralized with alkyl-
sulfuric acid have a maximum value. After 60 minutes of
reaction it was almost 95 % while defensive effect of unneu-
tralized imidazoline and acetic salt of it were 37% and 22%
respectively. Maximum defensive effect was more than 99%
and it was reached after 270 minutes of synthesis process of
imidazoline. The reason of it is that in this case maximum
concentration of imidazolines in reaction masses is observed.
Difference between alkylsulfuric and acetic salt happened
due to their solubility in water. Acetic salt have an excel-
lent water solubility so being adsorbed on metal surface can
easily washed from here by water. Alkylsulfuric salts could
be solved only in alcohol or hydrocarbons and caught not in
water. Because of this being adsorbed on metal surface such
salts prevent contact with aqueous media and as a result cor-
rosion rate rapidly decreases. On Fig. 2 presented data about
corrosion rate of investigated imidazolines and its salts.

As we can see corrosion rate decreases with raise of reac-
tion time as in case unneutralized imidazoline and its salts
as well. This effect caught easily been explained by that fact
that in first period of imidazoline obtaining reaction there
is a rapidly increasing of imidazoline content in reaction
masses [4, 7].

Have been determined (Fig. 2), that minimum corro-
sion rate was in presence of alkylsulfuric salt of imidazoline.
Corrosion rate in this case was only 0.076-0.032 mm/year
after 90 minutes if synthesis. In the same time corrosion rate
in the presence of acetic salt of imidazoline have been 1.8-
3.0 mm/year which is 10-15 times more than alkylsulfuric
acid salt. Moreover corrosion rate of unneutralized imidazo-
line was at the same level as acetic salt.
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- A - aleylsulfuric acid salt of imidazoline

Fig. 2. Dependence of corrosion rate from time of
imidazoline obtaining reaction and type of acid which took
for neutralization

Corrosion rate in the media with presence of alkylsulfuric
salt of imidazoline is less than 0.1 mm/year and it means that
such compounds caught be used as highly effective corrosion
inhibitors in aqueous media.

4.2 Interfacial tension of imidazolines and its salts.

Have been determined that imidazolines and its salts
have an ability to adsorbs on solid surfaces of metals
but the another important characteristic of surface-active
substance (SAS) is ability to adsorbs on the interfacial
border. Being adsorbed on phase boundary SAS usually
promote decreasing of interfacial tension and as a result
increase emulsifying ability. On Fig. 3 shown dependence of
interfacial tension on border water/kerosene in the presence
of imidazoline and its salt in different concentrations.
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g. 3. Dependence of interfacial tension of imidazolines and
its salts from its concentration

As shown on Fig. 3 interfacial tension decreased with
increasing of SAS concentration. Minimum interfacial
tension show acetic salt of imidazoline (2.6 mN/m) and
maximum — alkylsulfuric salt of imidazoline (10.2 mN/m).
The other characteristics of investigated SAS have been
determined on the base of interfacial tension isotherms. The
obtained results are in table 1.



Table 1

Interfacial tension, maximum adsorption, length and area of
SAS molecule of imidazoline and its salts

o, Finax g-moll/ 2
Product mN/m m? S, m L, m
Unneutralized 44 | 0004736 | PO3E | 93E08
imidazoline 22
Acetic salt of 26 | 0004027 | P2 | 4 04E-08
imidazoline 22
Alkylsulfuricacid ||y | ggp104 | 8925 | 4 ggp g
salt of imidazoline 22

As shown in tabl. 1, maximum adsorption increases in
row alkylsulfuric salt-acetic salt- unneutralized imidazoline.
The value of maximum adsorption is in the same level as
salts hydroxyethyl imidazoline salts [8] The area which
occupy one molecule of SAS increases in row uneutralized
imidazoline-acetic salt-alkylsulfuric salt. Obtained data
caught be explained larger molecular mass and greater size
of alkulsulfuric salt of imidazoline compare to unneutralized
imidazoline. The area of unneutralized imidazoline and
its acetic salt is in the same level because of low molecular
weight and small size of acetic acid which form salt. This
confirms results about defensive effect where best result
have been shown by alkulsulfuric acid salt. Larger molecule
of imidazoline salt provide better defense of metal surface.

4.3 Ability to form emulsion

It is well known that decreasing of interfacial tension
leads to increasing the ability to emulsion formation [9, 10].
To investigate influence of imidazoline and its salts addition
on emulsions formation standard “bottle” test have been
conducted. The obtained results are shown on Fig. 4, 5.
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Fig. 4. Emulsion stability with addition of different
imidazoline and its salts compare to sodium oleate. SAS
concentration — 1 % wt
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Fig. 5. Emulsion stability with addition of different
imidazoline and its salts compare to sodium oleate. SAS
concentration — 0.5 % wt

Have been determined (Fig. 1, 2) that best emulsifying
ability have acetic salt of imidazoline. At the end of
investigations there is 30% of undestroyed emulsion is left.
Emulsion which was formed with unneutralized imidazoline
was fully destroyed after 9 minutes of investigations and
6 minutes is required for destroying of emulsion formed by
alkylsulfuric salt of imidazoline. Despite the best emulsion
stability of acetic salt of imidazoline in this investigation it
is still twice worse than emulsion stability which could be
reached with use of hydroxyethyl imidazoline salts [8]

It should be noticed that sodium oleate and acetic salt
form emulsion “oil in water” while unneutralized imidazoline
and alkylsulfuric salt of imidazoline form emulsion “water in
oil”. This happens due to the difference in HLB (hydrophilic-
lipophilic balance) value of imidazoline and its salts.
Calculated HLB of unneutralized imidazoline is 6,8 for
alkylsulfuric salt — 4,1 and for acetic salt - 8,2. Obtained
results are consistent with well known data that compounds
with HLB from 0 to 8 promote “water in oil” emulsion
formation while compounds with HLB from 8 to 13 promote
“oil in water” emulsion formation [11].

5. Conclusions

On the base of conducted investigations the follow

conclusions could be done:

1. The surface active properties of imidazoline depends
not only from structure of imidazoline but also from
type of acid which was took for neutralization:

2. The protective effect of imidazoline salts against
corrosion increasing in row acetic salt- inneutralized
imidazoline-alkylsulfuric salt of imidazoline

3. Corrosion rate in the presence on alkylsulfuric salt
of imidazoline is less than 0.1 mm/year and on base
of this index it could be used in compositions of
corrosion inhibitors as main component.

4. Interfacial tension of acetic salt of imidazoline is
2.5 mN/m and by this value is at the level of many
effective cationic surface active substances.

5. The highest among investigated interfacial tension
of alkylsulfuric salt of imidazoline leads to low
ability to form emulsion

6. The type of emulsion depends also from acid which
took for neutralization
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Hocnioaceno npouec cycnensiiunoi
Kooniezomepu3zauii HeHacuue-
Hux eyeneeodnie gpaxuii Cy pioxux
npooyxmie niponizy 6 npucymmocmi
opzaniunux nepoxcuodie. Bcmanogaeno
3agedcHicmo Qi3uKo-xXiMivHux xapak-
mepucmux Koosxizomepy 6i0 npupo-
Ju iniuiamopa, 3miny menacuuenocmi
osizomepuzamy 6 x00i npoyecy, 6udbpa-
HO cmabinizamop cycnensii, 3anpono-
Hoeano psd ocadxcyeaxie 0as cmaoii
euoislenHs KooNi2oMepY

Knwuosi caosa: cycnensiiina
KooJnizomepusayis, eyenesoonesa
paxuis, iniyiamop, xooniecomep
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Hccnedoean mnpouecc cycnensu-
OHHOU KOOJUZOMepU3AUUU Henpe-
denvivlx Yeneeodopodoe Pparxuuu Cy
HCUOKUX NPOOYKMOE NUPONU3A 6 NPU-
cymcmeuu opzanu1eckux nepoxcudos.
Ycmanoeaena sasucumocmo Qusuixo-
XUMUMECKUX XaAPAKMEPUCMUK COOU-
20Mepoé om npupodvt unuyUAMOPA,
usMenenue HEeHACLIUEHHOCMU OAUZ0-
Mepuzama 6 xode npouecca, 6vlopan
cmabuauzamop Ccycnenuu, npeono-
scen pad ocadumeneu 0as cmaouu
6bL0eNIeHUSL COONUZOMEPOB

Knioueevie caoea: cycnensuonnas
KOONuzoMepuU3auus, Ya1e6000p00HaAs
Ppaxuus, unuyuamop, Kooauzomep
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1. Beryn

Po3BuTok XiMiuHOi TPOMUCJIOBOCTI Ta PO3MIUPEH-
Hs1 obJacteil 3aCTOCYBaHHs JIEKOPATHBHUX i 3aXMCHUX
MarepiaiiB cTaBUTh epet JakohapboBoIo ramys3io besiv
pi3BHOMAaHITHUX TeXHIUHUX 3aBJaHb. /lo HUX BiHOCATBLCS
He TIIbKM IMOKPAIIEeHHA AKOCTI 0 CBITOBUX CTaHIApTiB,
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aje i 3HUIKEHHS cobiBapTOCTi BUPOOJIEHOT TIPOMYKIILi.
OjiHy 3 TOJIOBHUX pOJieil B 1IbOMY Biirpae mojauikartis
JsakohapbOBUX MaTepiasiB KOOJiroMepamu, siKi OJepiKy-
10Th 3 NMOGIYHUX TPOAYKTIB IpoleciB HadTOnepepobKu.
BpaxoByioun HasiBHICTh CHPOBUHM — MOGIYHUX TIPOLYKTIB
MipOJIi3y eTUJIeHOBUX YCTAHOBOK Ta MUPOKOI cchepu 3acTo-
CyBaHH$ KOOJIIoMepiB, iX BUPOOHUIITBO € aKTYaJbHUM.




