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Salts of quaternary ammonium bases (QABs) with
mineral acids (nitrates, chlorides), and also binary
extractive agents, salts of QABs with organic acids, are
used or have been suggested for use in separation and
purification of rare-earth metals and other elements [1-5].
As a rule, QAB salts are used as 10-40% solutions in
organic solvents. The choice of a solvent and concentration
of an extractive agent are of fundamental importance when
performing technological processes. Toluene is the most
frequently used in laboratory studies of physicochemical
parameters of extraction processes (extraction isotherms,
distribution coefficients, and element separation factors)
as a solvent in systems with QABs [4, 5]. However, use
of toluene in technological practice is complicated by its
low boiling and flash points.

It is difficult to use hydrocarbon solvents (kerosene,
synthine, etc.) when working with QAB salts because
of the mutual solubility of the forming solvates in the
organic phase and hydrocarbon solvents. This leads to
stratification of the organic phase and formation of
a “third phase” in extraction systems. The organic phase
can be stabilized by choosing an appropriate modifier
and its concentration, e.g., by introduction of long-
chain aliphatic alcohols into the extraction system [1].
At the same time, there is no published evidence about
phase diagrams of ternary liquid systems constituted
by a rare-earth metal(Ill) solvate, hydrocarbon solvent,
and aliphatic alcohol in the range of homogeneous and
heterogeneous solutions at different temperatures, which
gives no way of evaluating the possible stratification of
the organic system and developing recommendations for
use of modifiers for practical purposes.
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In this study, we examined phase diagrams of ternary
liquid systems (R4N),[Nd(NO3)s]—C;,H,,—n-octanol
(n-butanol, n-decanol, cyclohexanol) (where R N is
trialkylbenzylammonium), which are of theoretical and
practical interest for the technology of rare-earth metals,
at temperatures of 298.15-333.15 K.

We used trialkylbenzylammonium chloride
(C¢HsCH,)(C5H5—CoH 9)3sNCI. QAB nitrate was
produced by triple or quadruple contact of QAB
chloride with a 6-8 M solution of ammonium nitrate.
(R4N),[Nd(NO3)s] solvate was prepared by triple or
quadruple shaking of concentrated aqueous solutions
of neodymium nitrate (special purity grade) with
a QAB nitrate solution (100%). The concentration of
(R4N),[Nd(NO;)s] solvate in the extract obtained was
0.724 + 0.005 M, pyog ;5 = 0.9710 + 0.015 g cm=3. The
following solvents were used: decane (pjgg 5 =
0.7263 g cm™3), n-butane (p,gg ;5 = 0.8075 g cm=3),
n-octanol (pjog 15 = 0.8221 g cm=3), n-decanol (p,gg 15 =
0.8300 g cm=3), and cyclohexanol (p,gg 15 = 0.9684 g cm3),
all of chemically pure grade. The optical density of
the aqueous solutions was measured with an SF-16
spectrophotometer.

Binodal curves of the binary and ternary systems were
obtained using the visual-polythermic method [6—8]. The
formation conditions of heterogeneous solutions were
additionally monitored by the nephelometric technique
with a Kernco 966 R turbidimeter and a light filter (A =
850 nm). Consistent data were obtained in titration of
stratifying-phase binary systems with a third component
until homogeneous solutions were formed and in titration
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Table 1. Mutual solubility of components in the systems (R;N),[Nd(NO;)s]-decane—n-butanol (n-decanol, cyclohexanol, n-
octanol) (mass fraction of the components) at different temperatures

Content, mass fraction Content, mass fraction
(R{N),[Nd(NO)s] | decane | ajcohol water (R{N),[Nd(NO5)s] | decane | alcohol water
n-Butanol n-Decanol
T=298.15K T=313.15K
0.886 0.114 0 0 0.862 0.138 0 0
0.417 0.369 0.214 1 0.477 0.375 0.148 1
0.479 0.326 0.195 2 0.624 0.278 0.098 2
0.664 0.230 0.106 3 0.700 0.226 0.074 3
0.810 0.157 0.033 4 0.752 0.202 0.046 4
0.041 0.900 0.059 4 0.036 0.926 0.038 4
0.029 0.930 0.041 3 0.020 0.962 0.018 3
0.011 0.974 0.015 2 0.005 0.982 0.013 2
0.005 0.992 0.003 1 0.001 0.993 0.006 1
<0.003 1 0 0 <0.003 1 0 0
T=315.15K T=333.15K
0.862 0.158 0 0 0.817 0.183 0 0
0.342 0.447 0.211 1
- 0.452 0.404 0.144 1
0.512 0.324 0.164 2 B
5 0.561 0.331 0.108 2
0.695 0.229 0.076 3 -
- - 0.676 0.258 0.066 3
0.732 0.215 0.053 4
p 0.755 0.218 0.027 4
0.060 0.863 0.077 4
- 0.037 0.928 0.035 4
0.019 0.954 0.027 3 ! > .
0.023 0.954 0.023 3
0.004 0.985 0.011 2
0.010 0.980 0.010 2
0.009 0.982 0.009 1 ?
<0.003 i 0 0 0.002 0.995 0.003 1
<0.003 1 0 0
T=333.15K
Cyclohexanol
0.817 0.183 0 0 T7=298.15K
0.283 0.510 0.207 1
0.471 0.364 0.165 2 0.886 0.114 0 0
0.638 0.277 0.085 3 0.497 0.282 0.221 1
0.726 0.239 0.035 4 0.605 0.236 0.159 2
0.079 0.823 0.098 4 0.675 0.213 0.112 3
0.023 0.942 0.035 3 0.775 0.172 0.053 4
0.012 0.975 0.013 2 0.033 0.913 0.054 4
0.005 0.990 0.005 1 0.015 0.956 0.029 3
<0.003 1 0 0 0.010 0.973 0.017 2
n_Decanol 0.007 0.982 0.011 1
T=298.15K <0.003 1 0 0
0.886 0.114 0 0 s
0.480 0.366 0.154 1 T=31315K .
0.626 0.266 0.108 2 0.862 0.138 0 X
0.692 0.229 0.079 3 0.447 0.326 0.227
0.791 0.170 0.039 4 0.566 0.271 0.163 2
0.049 0.910 0.041 4 0.673 0.227 0.100 3
0.018 0.964 0.018 3 0.732 0.203 0.065 4
0.021 0.963 0.016 2 0.031 0.906 0.063 4
0.007 0.989 0.004 I 0.025 0.941 0.034 3
<0.003 1 0 0 0.010 0.973 0.017 2
0.004 0.988 0.008 1
<0.003 1 0 0
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Table 1. (Contd.)
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Content, mass fraction

(R4N)2[NA(NO3)s] | decane I alcohol water

Cyclohexanol

T'=333.15K
0.817 0.183 0 0
0.399 0.376 0.225 1
0.524 0.305 0.171 2
0.66 0.251 0.089 3
0.763 0.201 0.036 4
0.046 0.885 0.069 4
0.019 0.945 0.036 3
0.010 0.973 0.017 2
0.005 0.990 0.005 1
<0.003 1 0 0

n-Octanol

T=298.15K
0.886 0.114 0 0
0.393 0.436 0.171 1
0.491 0.362 0.147 2
0.581 0.308 0.111 3
0.682 0.243 0.075 4
0.085 0.824 0.091 4
0.056 0.878 0.066 3
0.025 0.937 0.038 2
0.015 0.966 0.019 1
<0.003 1 0 0

T=313.15K
0.862 0.138 0 0
0.361 0.473 0.166 1
0.483 0.376 0.141 2
0.575 0.313 0.112 3
0.657 0.267 0.076 4
0.081 0.833 0.086 4
0.047 0.901 0.052 3
0.030 0.938 0.032 2
0.016 0.964 0.02 1
<0.003 1 0 0

T'=333.15K
0.817 0.183 0 0
0.669 0.060 0.271 1
0.557 0.105 0.338 2
0.358 0.155 0.487 3
0.470 0.135 0.395 4
0.102 0.091 0.807 4
0.053 0.054 0.893 3
0.029 0.033 0.938 2
0.006 0.016 0.978 1
<0.003 1 0 0

of homogeneous binary systems with a third component
until a second phase appeared. The binodal curves were
approximated with third- or fourth-order polynomials.

Solutions containing a mixture of decane, alcohol, and
(R4N),[NA(NO5)s] solvate (in coexisting phases upon
stratification of the systems) were analyzed using the
procedure described in [6—8]. It was found in preliminary
experiments that the change in volume upon mixing
of solutions of (R4N),[Nd(NO;)s] solvate, decane,
and alcohols does not exceed 0.3%. To measure the
(R4N),[Nd(NO;);] concentration in the organic phase, we
trice re-extracted neodymium with water, combined the
re-extracts, and spectrophotometrically determined the
metal by the method described in [9]. The compositions
of the coexisting phases (nodes) (vol %) were recalculated
to mass fractions with account of the solution densities
(Table 1).

All the results for the phase diagrams of the ternary
system in constant-temperature cuts (see figure)
are presented in the orthogonal coordinates for two
components of ternary liquid systems, with indication
of the mass fractions (for the third component, w; =
1— ®; — ®,). To find points corresponding to the critical
composition of the ternary systems, we used various
methods: passed tangents to the binodal curves from
points of node intersections, plotted dependences of the
distribution coefficients of the components of the system
among phases I and II on the composition of one of the
phases, and extrapolated the data to a composition for
which D = 0 (third-order polynomial). We also used
the method in which a line connecting the midpoints of
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0.0 04 0.8
(R,N),[Nd(NO;);], mass fraction
Effect of temperature on the stratification of the system
(R4N),[NA(NO3)5]-C,(H,,—n-octanol. (4) Field of stratification
into two liquid phases and (B) field of homogeneous solutions.

Solid lines, binodals; dashed lines, nodes; arrows, critical points.
T(K): (1) 298.15, (2) 313.15, (3) 333.15.
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the nodes were drawn and the intersection point of the
extensions of these lines with the binodal curves was
found [8]. All the calculations were made using Origin v.
6.0 graphical editor software. The errors in determining
the compositions at the critical points were +0.01-0.02
mass fraction.

The binary systems constituted by decane and n-
octanol (n-butanol, n-decanol, cyclohexanol) are liquid
single-phase systems in the whole range of temperatures
studied. The binary system (R4N),[Nd(NO;)s]—decane is
a liquid two-phase system in the range 77<333.15 K. In
one of the phases (I), the content of (R4N),[Nd(NO5)s] is
less than 0.003 mass fraction, and the other phase (II) is
enriched in (R4N),[Nd(NO3)s], with the decane content of
0.11 to 0.18 mass fraction, depending on temperature (see
figure, Table 1). It is impossible to determine the upper
critical point for the systems (R4N),[Nd(NO;)s]—decane
because even raising the temperature to 400 K does
not lead to phase stratification, with evaporation of the
hydrocarbon solvent from the systems observed instead.
Similar systems have been characterized in the literature
[10] as systems with “single sided” solubility, e.g., liquid
polymers, which are not dissolved themselves in various
solvents, but dissolve a number of liquids. In the given
case, the state of the (R4N),[Nd(NO;)s] solvate can be
characterized as the state of a liquid polymer because
of the pronounced dipole-dipole interactions between
asymmetric coordination compounds.

The systems (R4N),[Nd(NO;)s]-decane—n-octanol
(n-butanol, n-decanol, cyclohexanol) have, at different
temperatures, a region of homogeneous liquid solutions
(B) and a two-phase region (4) delimited by the binodal
curves (see figure, Table 1). The region of stratification
into two phases (4) becomes somewhat narrower as
temperature increases. Analysis of the nodes of the
systems at different temperatures shows that, in the
heterogeneous regions, one of the phases formed is
enriched in (R4N),[Nd(NO;)s] and n-octanol (n-butanol,
n-decanol, cyclohexanol), and the other, in decane.
The stratification regions become somewhat narrower
as temperature increases. The critical composition
points at fixed temperatures depend on the nature of an
alcohol. Table 2 lists compositions at the critical points
at 7 = 298.15 K, whence follows that the content of
(R4N),[Nd(NOs3)s] and alcohols at the critical points are
rather close and substantially lower than that of decane.
The content of an alcohol at the critical composition point
at fixed temperatures decreases in the order cyclohexanol
> p-butanol > n-octanol > n-decanol.

Table 2. Critical composition points of ternary liquid
systems (R4N),[Nd(NOj)s]-decane—alcohols (R4N is
trialkylbenzylammonium) at 7= 3298.15 K

Content, mass fraction
Component
(R4N)2 [Nd(NO3 )5] alcohol C 1 0H22
n-Butanol 0.169 0.181 0.650
n-Octanol 0.175 0.150 0.675
n-Decanol 0.185 0.130 0.685
Cyclohexanol 0.167 0.218 0.615

The results of our study indicate that the main reason
for stratification of the organic phase and formation of
a third phase in extraction systems based on a nitrate
of a quaternary ammonium base, hydrocarbon solvent,
and rare-carth metal nitrates are limitation imposed
by the mutual solubility of the forming solvates, e.g.,
(R4N),[Nd(NO»)s] and C,,H,,. This phenomenon occurs
as the organic phase containing trialkylbenzylammonium
nitrate and a hydrocarbon solvent is saturated with metal
nitrates to a noticeable extent. The phase stratification
effect cannot be eliminated by raising the temperature in
the systems, which is frequently used in technological
practice. The role of modifier alcohols consists in that they
are predominantly distributed into a phase enriched in
(R4N),[Nd(NOs3)s], solvate the coordination compound,
and raise its solubility in hydrocarbon solvents, and
thereby homogenize the systems at critical composition
points.

To enable practical use of extraction systems based on
nitrates of quaternary ammonium bases and decane under
conditions of complete saturation of the organic phase
with neodymium(III) nitrate to obtain (R4N),[Nd(NO;)s]
without stratification of the organic phase at any of the
temperatures studied, it is necessary to replace decane
with n-octanol or n-decanol to 0.18 mass fraction
(~20 vol %). Use of n-butanol and cyclohexanol as
modifiers of the organic phase is less advisable.

CONCLUSIONS

(1) The system (R4N),[Nd(NOj)s]-decane forms
two stratifying liquid phases. One of the phases contains
less than 0.001 mass fraction of (R4;N),[Nd(NO;)s], and
the other is enriched in (R4N),[Nd(NO3)s] and contains
0.11 to 0.18 mass fraction of C,;yH,,, depending on
temperature.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 1 2009
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(2) In ternary liquid systems (R4N),[Nd(NO;)s]]—
decane-n-octanol (cyclohexanol, n-butanol, n-decanol),
two stratifying liquid phases are formed. The first phase is
enriched in (R4N),[Nd(NO;);] solvate and alcohols, and
the second, in decane. The region of stratification into
two phases becomes somewhat narrower as temperature
increases, and the content of alcohols at the critical
points at fixed temperatures decreases in the order cyclo-
hexanol > n-butanol > n-octanol > n-decanol.

(3) To enable practical use of extractive systems
based on nitrates of quaternary ammonium bases and
decane without stratification of the organic phase, it is
necessary to replace decane with n-octanol or n-decanol
to 0.128 mass fraction (~20 vol %). Use of n-butanol
and cyclohexanol as modifiers of the organic phase is
less advisable.

REFERENCES

1. Mikhailichenko, A.I., Mikhlin, E.B., and Patrikeev, Yu.B.,
Redkozemel 'nye metally (Rare-Earth Metals), Moscow:
Metallurgiya, 1987.

2. Khol’kin, A.l. and Kuz’min, V.I., Khimiya ekstraktsii
(Extraction Chemistry), Novosibirsk: Nauka, 1984,
pp. 53-68.

3. Kuz’min, V.I., Pashkov, G.L., Kalyakin, S.N., et al.,

10.

Abstracts of Papers, Konferentsiya “(Nedelya khimicheskikh
tekhnologii v Sankt-Peterburge” (Conf. “Week of Chemical
Technology in St. Petersburg,”, St. Petersburg, 2002,
pp- 24-28.

. Pyartman, A.K., Kopyrin, A.A., Zhikharev, D.A., and

Keskinov, V.A., Radiokhimiya, 2003, vol. 45, no. 4,
pp. 358-362.

. Pyartman, A.K., Kovalev, S.V., Keskinov, V.A., and

Khokhlova, N.V., Radiokhimiya, 1997, vol. 39, no. 6,
pp. 534-536.

. Traybal, R., Liquid Extraction, New York: McGraw-Hill,

1963.

. Nikolaev, A.V. and Yakovlev, 1.1., Klatratoobrazovanie

i fiziko-khimicheskii analiz ekstraktsionnykh sistem
(Clathrate Formation and Physicochemical Analysis of
Extractive Systems), Novosibirsk: Nauka, 1975.

. Zhurkina, A.I. and Karapet’yants, M.Kh., in Shornik:

Fizicheskaya khimiya rastvorov (Coll. of Works: Physical
Chemistry of Solutions), Moscow: Nauka, 1972,
pp- 211-216.

. Poluektov, N.S. and Kononenko, L.I., Spektrofoto-

metricheskie metody opredeleniya individual nykh RZE
(Spectrophotometric Methods for Determination of Rare-
Earth Elements), Kiev: Naukova Dumka, 1968.

Wales, S.M., Phase Equilibrium Chemical Engineering,
Boston: Butterworth, 1985.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 82 No. 1 2009




<<
  /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


