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Abstract—Dimerization of α-methylstyrene in the presence of natural mordenite and its modified form was 
studied. The dependence of the yield and composition of the products on the process parameters was found. 
Conditions were determined for preparing linear dimers with a high selectivity.

DOI: 10.1134/S1070427209020281

Linear and cyclic dimers of α-methylstyrene are widely 
used as plasticizers, as polymer and rubber modifi ers, and 
in production of synthetic oils [1–4].

High-purity transformer oils are widely used in the 
modern oil-fi lled power systems of electrical equipment, 
in hydraulic systems of engineering apparatus, and in 
various composite materials as the base of insulating, 
cooling, and shock-absorbing fl uids and fi lm-forming 
compounds [5, 6]. Therefore, it is important from both 
scientifi c and practical viewpoints to fi nd high-performance 
synthetic carbon compounds of reproducible composition 
and quality that can be prepared on the basis of α-methyl-
styrene dimerization products and meet the existing 
requirements. 

Various homogeneous and heterogeneous acid catalysts 
are suggested for preparing the dimers: organic and mineral 
acids, metal oxides, acid clays, and cation-exchange 
resins of various grades [7–9]. In the synthesis of linear 
α-methylstyrene dimers, crystalline luminophores were 
used as catalysts, and a linear dimer was obtained at 
a total α-methylstyrene conversion of 94% [10]. However, 

such catalytic systems are unique, and their commercial 
use is economically unfeasible. Talzi et al. [11] prepared 
α-methylstyrene dimers using zeolite Y as catalyst. They 
showed that the synthesis of linear dimers with a high 
selectivity and good yield can be performed in CH2Cl2. 

In this study we examined oligomerization of 
α-methylstyrene in the presence of natural mordenite and 
its modifi ed form without a solvent. We also examined the 
possibility of using the dimerization products obtained as 
the base for transformer oils.

It is known that dimerization of α-methylstyrene I 
yields 2,4-diphenyl-4-methyl-1-pentene (α-isomer) II, 
2,4-diphenyl-4-methyl-2-pentene (β-isomer) III, and 
1,1,3-trimethyl-3-phenylindan (crystalline cyclic dimer) 
IV. The first two compounds are linear unsaturated 
dimers, and the third compound is a cyclic saturated 
dimer (see the Scheme).

Dimerization of α-methylstyrene I was performed 
in the temperature range 30–140°C in the presence 
of 5–15 wt % natural mordenite. The effect of various 
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factors on the conversion and selectivity of dimerization 
is demonstrated by Table 1.

At a catalyst concentration of 5–10 wt % and a tempera-
ture of 30°C, α-methylstyrene transforms slowly: The 
maximal conversion of α-methylstyrene is as low as 
21.6 wt %. However, the selectivity with respect to linear 
dimers II and III reaches 100 wt %. With increasing 
temperature, the reaction rate noticeably increases, 

and at 100°C the yield of the linear dimers reaches 
78.6 wt %, with the content of the cyclic dimer and 
trimers of 3.7 and 3.9 wt %, respectively. As the reaction 
temperature is increased over 120°C, the yield of cyclic 
dimer IV increases, reaching 29.4 wt % at 140°C. 

In the presence of mordenite as catalyst, α-methylstyrene 
initially dimerizes to form liquid dimers II and III as major 
products. Despite high catalyst selectivity with respect to 
α-methylstyrene, the conversion in the fi rst 50 h remains 
virtually unchanged and does not exceed 40% (Fig. 1a). 
After a certain period (60 h), the yield of liquid dimers II 
and III decreases and the content of crystalline cyclic dimer 
IV somewhat increases.

To eliminate these drawbacks and undesirable 
phenomena, we studied the dimerization of α-methylstyrene 
in the presence of a natural zeolite, mordenite modifi ed with 
sulfuric acid in the continuous mode.

Mordenite was preliminarily subjected to hydrothermal 
treatment by contacting with distilled water at 170–180°C 
under the required pressure. Then the support was dried 
at 300°C and treated with sulfuric acid. The results of 
α-methylstyrene dimerization in the presence of modifi ed 
mordenite are shown in Fig. 1b.

It can be seen that the results obtained with sulfuric acid 
treated mordenite as catalyst differ from those obtained 

Table 1. Infl uence of reaction conditions on dimerization of α-methylstyrene I in the presence of natural mordenite

Fig. 1. Dimerization of α-methylstyrene in the presence of (a) 
initial and (b) modifi ed mordenite as a function of time τ. (1) 
Selectivity S with respect to liquid dimers and (2) K, α-meth-
ylstyrene conversion. 
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with unmodifi ed mordenite. For example, at a constant 
temperature of 80°C, the conversion of α-methylstyrene is 
68.7 wt % irrespective of the reaction time. Experiments 
performed for 600 h proved that the selectivity with 
respect to liquid dimers remained essentially unchanged, 
97–98 wt %.

The temperature dependence of α-methylstyrene 
dimerization in the presence of modifi ed mordenite is 
presented in Table 2.

Table 2 shows that, starting from 80°C, dimerization 
of α-methylstyrene becomes intense, and at 90°C the 
yield of dimers II and III reaches 80 wt %. However, 
starting from 100°C, the selectivity with respect to liquid 
dimers starts to decrease, and on reaching 120°C the 
weight fraction of crystalline dimer IV and of trimers 
dramatically increases. It should be noted that the yields 
of α-methylstyrene trimers and tetramers on this catalyst 
at temperatures of up to 90°C do not exceed 2 wt %. This 
phenomenon confi rms the coarsely porous structure of 
the treated catalyst (mordenite), because α-methylstyrene 
dimerization in the system is kinetically controlled with 
no diffusion hindrance.

An increase in the yield of liquid dimer IIIwith 
an increase in the time of contact of α-methylstyrene 
with the catalyst and in the temperature shows that, in 
dimerization of α-methylstyrene, α-isomer of linear 
dimer II is formed fi rst, and the β-isomer is formed by its 
isomerization.

Thus, the developed heterogeneous catalyst can be 
suggested for an environmentally safe, power-saving, 
and highly effi cient procedure of the synthesis of the 
linear dimer, 2,4-diphenyl-4-methyl-1(2)-pentene, from 
α-methylstyrene with a small number of process steps.

The structure of the unsaturated linear dimers prepared 
was studied by IR, UV, and 1H NMR spectroscopy. In the 
IR spectrum of 2,4-diphenyl-4-methyl-1(2)-pentene, along 
with the bands at 3070, 3020, 765, and 705 cm–1, belonging 
to two phenyl groups, we found absorption bands at 3090 
and 855 см–1, characteristic of the substituted C=C double 
bond. The structure of 2,4-diphenyl-4-methyl-1(2)-pentene 
is well consistent with the 1Н NMR spectrum in which we 
observed the following signals: a multiplet at 7.09 ppm 
belonging to ten protons of two phenyl rings; a singlet at 
6.0 ppm, characteristic of the single proton at the multiple 
bond (=СН–); a singlet at 1.53 ppm, belonging to three 
protons of the methyl group at the C=C double bond (СН3–
СН=СН–); and, fi nally, a singlet at 1.1 ppm, belonging to 
six protons of the remaining two methyl groups. The ratio 

of the integral intensities of these signals is 10 : 1 : 3 : 6, 
suggesting the presence of 20 protons in the molecule of 
the linear dimer.

The presence of a conjugated vinylphenyl group in the 
molecule of the liquid dimer is well confi rmed by the UV 
spectrum of this compound, in which we found a band at 
λ = 0.251 nm, disappearing upon hydrogenation of dimers 
II and III.

The synthesized α-methylstyrene dimers were analyzed 
by GLC. As references we used individual dimers 
synthesized according to [12].

With the aim to decrease the hygroscopicity of liquid 
dielectrics, improve their gas resistance, and reduce 
tarring of the base of transformer oils, we examined 
α-methylstyrene dimerization products (mixture of 
II–IV).

The structural-group compositions of a mixture of 
α-methylstyrene dimers II–IV and of typical commercial 
oils are given in Table 3. The properties and physicochemical 
parameters of commercial transformer oils TK, T-750, and 
GK are described in detail in [13].

Table 3 shows that the mixture of α-methylstyrene 
dimers is a highly aromatized oil. Therefore, synthetic 
hydrocarbon oils based on α-methylstyrene dimers II–IV 
are low-viscosity light yellow mobile liquids, resistant to 
oxidation and nonhygroscopic. These oils are compatible in 
defi nite ratios with functional and nonfunctional oligomeric 
and polymeric substances, solvents, and plasticizers. They 

Table 2. Parameters of α-methylstyrene dimerization at 
various temperatures
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exhibit high thermodynamic stability and have relatively 
low vapor pressure (volatility).

As noted above, dimerization of α-methylstyrene 
yields also a crystalline dimer whose amount can be 
controlled by using various catalysts and by varying 
the temperature and time of the reaction. We examined 
how the concentration of the crystalline dimer affects 
the physicochemical and dielectric properties of the 
dimerization products (Table 4).

As seen from Table 4, an increase in the concentration 
of crystalline dimer IV to 18% only weakly affects 
the physicochemical and dielectric properties of the 
products.

The set of the examined physicochemical properties 
and service characteristics of oils is indicative of their 
high thermodynamic stability in a wide temperature range, 
which makes them suitable as base components of various 
formulations, including insulating liquids.

The existing insulating liquids based on transformer 
oils contain 0.3% Ionol (2,6-di-tert-butyl-4-methyl-
phenol) as antioxidant. By analogy, to oils based on 
α-methylstyrene dimers we also added 0.3% Ionol. The 
physicochemical parameters of the resulting formulations 
in comparison with GK and T-750 commercial 
oils were evaluated by standard methods used in 
electrical engineering [13]. The results of studying the 
physicochemical and insulating characteristics of α-
methylstyrene dimerization products II–IV containing 
0.3% Ionol are given in Table 5.

As seen from Table 5, in a high-intensity electric fi eld, 
α-methylstyrene dimerization product II–IV appreciably 
surpasses commercial transformer oil GK in the stability 
and therefore is preferable for use in cables, capacitors, 
and hermetic lead-ins. 

Table 3. Structural-group composition of synthetic hydrocar-
bons (mixture of II–IV) and of GK and T-750 oils

Table 4. Physicochemical and dielectric properties of samples 
of dimers II–IV with different content of IV

Table 5. Quality parameters of dimers II–IV

Dimers
II−IV
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Dimers II–IV also surpass GK and T-750 oils in gas 
resistance (Table 6).

Evaluation of the resistance to formation of partial 
discharges showed that, whereas for commercial 
transformer oil T-750 the gas evolution coeffi cient 
is 84.0 μl J–1, in dimers II–IV the partial discharge is 
absent and no gas evolution is observed (Table 7). It 
should be noted that gas evolution in liquid dielectrics 
is inadmissible, and its value characterizes the extent of 
hazard under the action of electric fi eld.

As already noted, the main requirement to liquids 
for transformers and capacitors is their high resistance 
to formation of partial discharges under the action of an 
electric fi eld.

Monitoring of the oxidation kinetics of oils by the 
yield of volatile acids shows that, whereas in oxidation 
of GK and T-750 oils the oxidation occurs in 22.5 and 
20.5 h, respectively, with dimers II–IV intense oxidation 
is observed only after the lapse of 180 h, i.e., the dimers 
exhibit high insulating stability.

High concentration of aromatic rings and the presence 
of an unsaturated bond predetermine the high stability 
of dimers II–IV to the electric fi eld. The tested product 
can replace phenylxylylethane presently used for power 
capacitors. 

Thus, synthetic alkenylaromatic oils based on 
α-methylstyrene dimers are suitable as base components 
of transformer and capacitor oils, meeting all the IEC 
requirements.

EXPERIMENTAL

X-ray phase analysis was performed with a DRON-
3M diffractometer. The results of X-ray determination of 
the SiO2, Al2O3, and Fe2O3 content were confi rmed by 
atomic-absorption determination of the corresponding 
metals. Measurements were performed with an AAS-300 
spectrometer in air–acetylene and N2O–acetylene fl ames. 
The results were as follows (ppm): SiO2 78.3, Al2O3 78.0, 
and Fe2O3 0.5.

The IR spectra of dimer samples were recorded on a 
UR-20 spectrophotometer from thin liquid fi lms, and the 
UV spectra, on a Specord spectrophotometer in quartz cells 
0.1 and 1.0 cm thick. The 1H NMR spectra were taken on a 
Tesla BS-487 spectrometer (80 MHz) at 20°C, with HMDS 
as internal reference. Liquid products were analyzed 

with an LKhM-80 chromatograph under the following 
conditions: fl ame ionization detector, 300 × 0.3-cm column, 
stationary phase 7% SE-30 on Chromaton N-AW, carrier 
gas fl ow rate 45 cm3 min–1, vaporizer temperature 315°C, 
programmed column heating from 90 to 290°C at a rate 
of 6 deg min–1.

α-Methylstyrene dimer was prepared by passing 
α-methylstyrene through a glass column packed with 
a catalyst and placed in a glycerol thermostat equipped with 
a heater, a stirrer, and a contact thermometer.

CONCLUSIONS

(1) The use of natural and modified mordenite as 
catalyst allows preparation of α-methylstyrene dimers 
with high conversion (up to 71%) and high selectivity (up 
to 98%).

(2) Linear α-methylstyrene dimers can be used as base 
components of synthetic transformer oil with high service 
characteristics and as components of other formulations.

REFERENCES

1. Isakov, Ya.I., Minachev, Kh.Sh., Sharf, V.Z., and Pite-
rin, E.F., Neftekhimiya, 1990, vol. 34, no. 4, pp. 278–282.

2. Radchenko, L.A., Chesnokov, A.A., and Pavlik, B.B., 
Khim. Tekhnol. Topl. Masel, 1993, no. 7, pp. 14–19.

3. Isakov, Ya.I., Neftekhimiya, 1998, vol. 38, no. 6, 
pp. 404–410.

Table 6. Gas resistance of dimers II–IV and of GK and T-
750 oils in an electric fi eld in a hydrogen medium (IEC* 
procedure)

Table 7. Resistance of dimers II–IV, GK, and T-750 to 
formation of partial discharges (PDs) in an electric fi eld 

* IEC is International Electrical Engineering Comission.



RUSSIAN  JOURNAL  OF  APPLIED  CHEMISTRY  Vol.  82  No.  2  2009

322 RUSTAMOV  et  al.

4. Ibragimov, Kh.D., Zh. Khim. Probl., 2007, no. 2, pp. 411–
415.

5. Grigor’eva, N.G., Dzhemile, U.M., Kutepov, B.I., et al., 
Khim. Prom–st., 2002, no. 11, pp. 4–6.

6. RF Patent 2026871.
7. Chaudhuri, B. and Sarma, M.M., Ind. Eng. Chem. Res., 

1989, vol. 28, no. 12, pp. 1755–1759.
8. Alekperov, N.I., Seidov, N.M., Kyazimov, S.M., et al., 

Izv. Akad. Nauk Azerb., 1985, no. 4, pp. 97–101.

9. Yoon, K.B. and Lim, J.L., J. Mol. Catal., 1989, vol. 52, 
no. 3, pp. 375–386.

10. RF Patent 2090502.
11. Talzi, V.P., Doronin, V.P., and Sorokin, T.P., Zh. Prikl. 

Khim., 2000, vol. 73, no. 5, pp. 787–790.
12. Gadzhily, A.M., Cand. Sci. Dissertation, Baku, 1981.
13. Topliva, smazochnye materialy, tekhnicheskie zhidkosti 

(Fuels, Lubricants, Technical Fluids), Shkol’nikov, V.M., 
Ed., Moscow: Tekhinform, 1999.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
    /RUS ()
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


