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Abstract—Quantum-chemical parameters and regression analysis were used to predict and synthesize a number
of compounds with the highest inhibiting activity in the series of pentenylarylamines. For the compounds with the
highest inhibiting activity, tri-2,4,6-(1'-methyl-2'-butenyl)aniline and di-2,6-(1'-methyl-2'-butenyl)-4-methylaniline,
technical documentation was developed and their inhibiting activity in media as close as possible to real oilfield
conditions were performed. On the basis of results of these tests, the given compounds are recommended for pilot

tests.
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The correlation between the structure and inhibiting
properties has been extensively studied [1-3]. Of
particular interest in recent years has been use, for this
purpose, of quantum-chemical calculations of molecule
properties [4—6], depending on which a tendency toward
an increase in the inhibition efficiency can be revealed.
However, examples of obtaining optimal structures with
the highest inhibiting activity cannot be found in these
publications.

It has been shown that alkenylanilines readily acces-
sible via condensation of anilines with hydrohalogenated
1,4-adducts of piperilene or cyclopentadiene are poten-
tial corrosion inhibitors [7, 8]. However, the dependence
of the anticorrosive activity on structural parameters has
not been studied for compounds of this series.

The goal of our study was to examine the relationship
between the electronic structure of molecules and their
corrosion inhibiting activity in the series of pentenyl
derivatives of aniline, predict and synthesize optimal
corrosion inhibitors, and introduce compounds with the
highest anticorrosive activity into industrial practice.

EXPERIMENTAL

Pentenylarylamines were synthesized by the known
procedures [7]. Anticorrosive studies were performed in
conformity with GOST (State Standard) 9.506-87 [9].
The maximum anticorrosive activity was evaluated by
the degree of protection Z (%) in conformity with GOST
9.506-87, determined by the formula

Vko B Vki %

ko

Z= 100,

where V,, and V}; are the metal dissolution rates
in media without and with an inhibitor, respectively
(gm2hl).

As witness samples served steels 20, the amounts
of the compounds being tested were 0.033 M, and
the temperature of the hydrochloric acid solution was
maintained at 25 + 1°.

The quantum-chemical parameters [energy of higher
occupied molecular orbitals, Eyovo (a.u.); energy of
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lower unoccupied molecular orbitals, | o (a.u.);
negative charge on the nitrogen atom, Q,;, (a.u.);
electrophilicity index W; and dipole moment p(D)] were
calculated using PC GAMESS 7.15 software [10] in the
B3LYP/6-31G(d, p) approximation [11, 12].

The calculation results were visualized and
preliminarily processed using ChemCraft 1.5 software
[13].

All the structures calculated in this study were
subjected to optimization and are stationary points on the
potential-energy surface (PES), which was confirmed
by solution of a vibrational problem: for minima on
the PES, the diagonalized Hessian matrix contains only
positive terms.

We used hydrochloric acid solutions as corrosive
media. Preliminary corrosion tests demonstrated that the
optimal hydrochloric acid concentration for the chosen
compounds is its 16% solution. At low hydrochloric acid
concentrations (1-12%), we have a gross experimental
error, and at high concentrations (20-22%), the
corrosion system does not react on structural changes
for the simplest aromatic amines.

To study the anticorrosive properties of pentenylaryl-
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amines, we chose monosubstituted pentenylarylamines
synthesized by the known methods [7]. Table 1 lists the
calculated electronic properties of mono pentenylaryl-
amines and the degrees of corrosion protection, deter-
mined for these compounds.

An analysis of the results we obtained demonstrated
that the strongest correlation dependence is observed
in this set of parameters for the negative charge on
the nitrogen atom. For the whole selection of mono
pentenylarylamines I-IX, the correlation coefficient R2
is 0.54 (Table 2). In a stage-by-stage exclusion of ortho-
substituted pentenylarylamines VI and VIII from the
general selection, the correlation coefficient increases
(R2=0.59) and reaches a value of 0.95 upon exclusion
of ortho-substituted pentenylarylamines) and reaches
a value of 0.95 upon exclusion of ortho-substituted
pentenylarylamines II, III, VI, and VIII from the
general selection.

Analysis of the relationship between the inhibiting
activity of the compounds under study and the effective
charge on the nitrogen atom shows that the larger the
latter (in absolute value), the more pronounced the
anticorrosive properties of a compound. Based on this

Table 1. Quantum-chemical parameters of alkenylarylamines and trisubstituted pentyl- and pentenylarylamines and their

degrees of protection

Compd. Compound Lau w Ors | O u, D Zorp | Zosc
HOMO | LUMO a.u. %
I N-(1-Methyl-2-butenyl)aniline —0.1869 | 0.0124|0.0191 | 0.330 |-0.60 | 1.852 | 69.4 | 71.7
11 O-(1-Methyl-2-butenyl)aniline —0.18691 0.0124 {0.0191 | 0.330 |-0.600 | 1.852 | 71.0 | 71.7
11 N-(1-Methyl-2-butenyl)-3-meTtrnaniline —0.1850| 0.0165 | 0.0176 | 0.283 [-0.61 1.916 | 72.1 -
v N-(1-Methyl-2-butenyl)-3-methylaniline —0.1852] 0.0137 | 0.0185 | 0.334 |-0.601 | 1.662 | 72.9 | 72.1
v N-(1-Methyl-2-butenyl)-4-methylaniline —0.1819] 0.0128 | 0.0184 | 0.325 |-0.6 1.552 | 73.8 -
VI O-(1-Methyl-2-butenyl)-4-methylaniline —0.18791 0.0069 | 0.021 | 0.256 |-0.667 | 1.616 | 76.1 -
VII N-(1-Methyl-2-butenyl)-2,4-dimethylaniline | -0.1802 | 0.0164 |0.0171 | 0.276 |-0.61 1.627 | 78.0 | 75.2
VIII O-(1-Methyl-2-butenyl)-2,4-dimethylaniline |—0.1865 | 0.0113 | 0.0145] 0.125 [-0.676 | 1.505 | 849 | -
IX n-(1-Methyl-2-butenyl)aniline —0.1927] 0.0075 | 0.0214 | 0.352 |-0.657 | 1.576 | 93.0 | 91.6
X 2,4,6-Tri(1'-butenyl)aniline —0.1882] 0.0181 | 0.0194 | 0.155 |-0.666 | 1.428 | 94.9 | 94.7
XI 2,4,6-Tri-(3'-butenyl)aniline —0.1877] 0.0139 | 0.0187 | 0.174 |-0.672 | 1.325 [97.75| 96.8
XII 2,6-Di-(1'-methyl-2'-butenyl)-4-methylaniline| —0.1837 | 0.0063 [ 0.0207 | 0.255 |-0.678 | 1.689 |97.87| 98.9
XIII 2,4,6-Tri-(1'-methyl-2'-butenyl)aniline —0.1858] 0.0057 | 0.0212 | 0.255 |-0.678 | 1.898 [98.0 | 98.9
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Table 2. Results of preliminary corrosion tests of compounds
XII and XIII. Experimental conditions: 15% hydrochloric
acid solution as model medium, temperature 90°C, exposure
duration 1 h

Compound Dosage, wt % | Degree of protection, %
XII 0.5 96.6
1.0 973
2.0 97.4
3.0 98.0
4.0 98.4
0.5 98.8
XIII 0.5 97.0
1.0 97.6
2.0 98.0
3.0 98.4
4.0 98.8
5.0 99.1

prognosis, we synthesized 2,4,6-tri-(1'-methylbutyl)
aniline (X), 2,4,6-tri-(3'-methylbutyl)aniline (XI),
2,6-di-(1'-methyl-2'-butenyl)-4-methylaniline  (XII),
and 2,4,6-tri-(1'-methyl-2'-butenyl)aniline (XIII). Table
2 lists electronic properties and degrees of corrosion
protection under the action of the above compounds.
The full set of compounds can be described with
satisfactory accuracy by the correlation equation Z =
—137.44 — 348.610,ip-

Using the regression equation for the negative
charge on the nitrogen atom, we calculated the degrees
of corrosion protection for compounds I-XIII under
study. It can be seen in Table 1 that the experimental
and calculated degrees of corrosion protection for the
compounds synthesized coincide within experimental
error and standard calculation errors.

Based on the results of our study and on the fact that
all the components used to synthesize compounds with
the highest inhibiting activity (XII, XIII are industrially
manufactured, we decided to organize industrial
manufacture of these compounds and recommended to
perform preliminary corrosion tests in media as close as
possible to the real industrial conditions.

For compounds XII and XIII, we developed
production procedures and technical specifications
(TU) 2458-007-20833127-2009 “Yural-3K corrosion
inhibitor.” We performed at Federal state health-

KHUSNITDINOV et al.

protection institution “Center for Hygiene and
Epidemiology at the Republic of Bashkortostan”
toxicological tests of these compounds belonging to
third class of hazard according to GOST 12.1.007. We
obtained a sanitary-epidemiological statement from the
department of the Federal Service for Supervision of
Consumer Rights Protection and Human Welfare for the
Republic of Bashkortostan. The reagent was registered
at the Federal agency for technological control and
metrology, Federal State Enterprise “Standardization,
Metrology, and Certification Center of the Republic of
Bashkortostan.”

Preliminary studies of the inhibiting activity of
the reagent in corrosive media as close as possible to
those under real industrial conditions were performed
at the chemical laboratory of the department for
complication control of crude-oil production at
00O “RN-UfaNIPIneft’.” The inhibiting activity of the
given compounds was studied in a 15% hydrochloric
acid solution at a temperature of 90°C by the standard
procedure with steel 20. The results of these tests are
listed in Table 2.

The results of preliminary corrosion tests in corrosive
media as close as possible to those under real industrial
conditions demonstrated that compounds XII and XIII,
taken in amounts of 0.5-5.0 wt %, have a 97-99%
degree of protection. According to the results of these
tests, the compounds are recommended for pilot tests.

The predicted compounds XII and XIII were
synthesized by the known procedure described in [7],
and their spectral characteristics were presented in the
same report. Compounds X and XI were synthesized for
the first time.

2,4,6-Tri-(1'-methylbutyl)aniline (X) was
synthesized by hydrogenation of compound XIII
on skeleton nickel in an alcoholic solvent [14]; np,,
1.5856. Found (%): C 83.05, H 12.24, N 4.60. C,,;H5;N.
Calculated (%): C 83.10, H 12.29, N 4.61.

IR spectrum, v, cm-1: 3420, 3490 (NH,). 'H NMR
spectrum (CDCly), 3, ppm (J, Hz): 0.72-0.97 m (9H,
3CH;), 1.17-1.28 m (9H, CH;), 1.45-1.55 m (6H,
3CH,), 1.64-1.75 m (6H, 3CH,), 2.72-2.80 (3H, 3CH),
3.56 brs (2H, NH,), 6.77 s (2H, ArH). 13C NMR
spectrum (CDCl;), 8, ppm: 14.4 (3CH,); 20.7 (3CH,);
21.8 (3CH,); 33.2 (3CH,); 40.0 (3CH); 121.7, 132.0,
137.4, 138.6 (C-arom).

2,4,6-Tri-(3'-methylbutyl)aniline (XI) was syn-
thesized by the Friedel-Crafts alkylation of 4-(1-meth-
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ylbutyl)aniline produced by the known method [7]
with isoamyl chloride in the presence of AlCl;; npy,
1.5815. Found (%): C 83.05, H 12.24, N 4.60. C,,H;;N.
Calculated (%): C 83.10, H 12.29, N 4.61.

IR spectrum, v, cm1: 3425, 3493 (NH,). 'TH NMR
spectrum (CDCl), 6, ppm (J, Hz): 0.88-0.89 m (12H,
4CH;), 0.96-0.98 m (3H, CHj), 1.16-1.18 m (3H,
CH;), 1.23-1.48 m (8H, 4CH,), 1.58 m (CH, 2H), 2.20-
2.24 m (4H, CH,), 2.59 (1H, CH), 4.38 br.s (2H, NH,).
13C NMR spectrum (CDCly), 8, ppm: 14.19 (CH;); 20.7
(CH,); 22.67 (CH,); 27.90 (2CH); 28.36 (2CH,); 28.70
(CH,); 41.34 (2CH,); 43.90 (CH); 128.09, 132.16,
144.86, 146.11 (C-arom).

CONCLUSIONS

(1) Quantum-chemical parameters were calculated
for prognostication of the inhibiting activity in the
pentenylarylamine series.

(2) A number of compounds with the highest
inhibiting activity were synthesized with consideration
for the results of a regression analysis for the negative
charge on the nitrogen atom.

(3) It was shown that the calculated degrees of
corrosion protection coincide with experimental values
within experimental and standard calculation errors.

(4) Compounds with the highest anticorrosive activ-
ity, 2,4,6-(1'-methyl-2'-butenyl)aniline and 2,6-di-(1'-
methyl-2'-butenyl)-4-methylaniline, were recommend-
ed for pilot tests.

1185

REFERENCES

. Grigor’ev, V.P.amd Ekilik, V.V., Khimicheskaya struktura

i zashchitnoe deistvie ingibitorov korrozii (Chemical
Structure and Protective Effect of Corrosion Inhibitors),
Rostov-on-Don: Rost. Gos. Univ., 1978.

. Free, M.L., Corros., 2002, vol. 58, no. 12, pp. 1025-1030.

3. Durnie, W., Demarco, R., Jefferson, A., and Kinsella, B.,

J. Elektrochem. Soc., 1999, vol. 146, no. 5, pp. 1751-
1755.

. Avad, G.Kh., Asad Adel’, N., Abdel’ Gaber, A.M., and

Masud, S.S., Zashch. Met., 1997, vol. 33, no. 6, pp. 565—
572.

. Bugai, D.E., Gabitov, A.L., Bresler, I.G., et al., Doklady

Akad. Nauk SSSR, vol. 314, no. 2, pp. 887-892.

. Bugai, D.E., Golubev, VM., Laptev, A.B., et al., Bashkir.

Khim. Zh., 1996, vol. 3, no. 4, pp. 59-63.

. Abdrakhmanov, 1.B., Doctoral Dissertation, Ufa, 1989.

8. Gataullin, R.R., Khaziev, E.V., Khusnitdinov, R.N., et al.,

I1.

12.

13.

Zh. Prikl. Khim., 2001, vol. 74, no. 11, pp. 1850-1852.

. GOST (State Standard) 9.506-87 Metal corrosion

inhibitors in water—oil media.

. Granovsky, A.A., http: // assik/chem.msu.su/gran/amess/

ndex.html

Stephens, P.J., Delvin, F.J., Chabalovcky, C.F., and Frisch,
M.J., J. Phys. Chem., 1994, vol. 98, pp. 11623-11627.

Rassolov, V., Pople, J.A., Ratner, M., and Windus, T.L.,
J. Chem. Phys., 1998, vol. 109, no. 4, pp. 1223-1229.

http://www.chemcraftprog.com.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 85 No. 8 2012




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS (Pfeps)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


