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Abstract—New nitrogen-and-phosphorus-containing fibrous ion exchangers were produced by two-stage synthesis
from Nitron fiber. The ion exchangers are efficient sorbents of heavy and nonferrous metals from aqueous solutions

under dynamic conditions.
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Nitrogen-and-phosphorus-containing granulated ion
exchangers possess a whole set of unique sorption and
service properties. These ion exchangers are selective
sorbents of a number of nonferrous metals, rare-earth
elements, uranium, and actinides, which makes them
promising sorbents for numerous industries [1-3]. A dis-
advantage of granulated sorbents is their small specific
surface area and the resulting low chemisorption rate.
For fibrous ion exchangers, the sorption—desorption rate
is one or two orders of magnitude higher. One more
advantage of fibrous sorbents, compared with granulated
ion exchangers, is the possibility of their use in various
forms [multifilament yarn, thread, fabric, unwoven fabric,
powder (knop)]. The developed surface and widely
diverse forms of ion-exchange fibrous materials enable
a rational design of filter apparatus. Chelate fibrous
sorbents differ from other types of sorbents in that they
contain chemically active groups that can interact with
metal ions present in solutions to form chelate complexes.
It is known that chelate nitrogen-and-phosphorus-
containing polyampholytes exhibit a high sorption
activity toward heavy metal ions [4-6].

The aim of this study was to synthesize new chelate
fibrous nitrogen-and-phosphorus-containing ion-
exchange materials and estimate their sorption capacity
for cations of heavy and nonferrous metals.

EXPERIMENTAL

Chelate sorbents were synthesized from Nitron D
polyacrylonitrile (PAN) fiber manufactured by Polimir

17

Production Association (Novopolotsk). Functional
groups were introduced by reactions of amination
(stage 1) and phosphorylation (stage II). The amination
reaction was performed with 40% aqueous solutions of
ethylenediamine (EDA), diethylenetriamine (DETA),
and triethylenetetraamine (TETA) at 95°C. The reaction
duration was 10—12 h. Depending on an amine used
for amination of the PAN fiber, the sorption materials
synthesized were given the following commercial names:
FIBAN R-1 in amination with EDA, FIBAN R-2 in
amination with DETA, and FIBAN R-3 in amination
with TETA.

The aminated fiber was phosphorylated by the
Kabachnik—Fields reaction [7], with formaldehyde used
as the carbonyl component, and sodium hypophosphite,
as the phosphorylating agent. The reaction course is
strongly affected by the pH of the reaction medium. It
is known [8] that phosphorylation with disubstitution at
the primary amino group occurs in strongly acidic media,
which is accounted for by the shift of the tautomeric
equilibrium in hypophosphorous acid toward the tri-
coordinated form of phosphorus [9]. Even at pH 1.0,
only monosubstitution occurs in the amino group, and,
therefore, to obtain disubstitution at the primary amino
group, the phosphorylation reaction was performed
at pH 0. In strongly acidic media, the role of the
phosphorylating agent is played by methylphosphonic
acid, which is formed in the reaction of formaldehyde
with sodium hypophosphite at a rate increasing with
the concentration of hydrogen ions. The optimal
temperature of the phosphorylation reaction is 95°C,
and its optimal duration, 3.0-3.5 h. By varying the
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Fig. 1. Cadmium sorption 4 vs. the pH of the equilibrium
solution. (/) FIBAN R-1 and (2) FIBAN R-2.

amounts of formaldehyde and sodium hypophosphite,
the optimal amounts of the reagents for synthesis of
nitrogen-and-phosphorus-containing materials (NPMs)
were determined. Depending on the conditions of both
stages of NPM synthesis, the fibrous ion exchangers
obtained have static exchange capacity (SEC) for acid
groups of 3.4 to 5.7 mmol g-! and contain 4.7 to 10.78%
phosphorus.

Samples for IR measurements were prepared by the
standard procedure of compaction of finely cut fibers of
a sample under study with a thoroughly dried powder of
potassium bromide. The concentration of the sample in
the mixture was 1.5%. The IR spectra were recorded on
a Nicolet Protégé IR Fourier spectrometer.

The IR spectra of the NPM obtained contain an
absorption band at 1167 = 2 cm~!, associated with
stretching vibrations of the P=0 group. The absorption
bands at 1034 £ 2 and 920 cm~! are related to symmetric
and asymmetric stretching vibrations of the P-OH group.
The absorption bands at 3422 + 1 and 1712-1639 cm~!
are associated with bending vibrations of —OH groups
in —PO(OH) and —OH group of secondary alcohols [10].
Comparison of the IR spectral data and results of an
elemental analysis shows that, in the chosen conditions,

the Kabachnik—Fields reaction occurs with disubstitution
at the primary amino group to give NPMs with functional
groups of the following structure

_CH,PO(CH,0H)OH
R-N_
CH,PO(CH,OH)OH

which can interact with metal ions present in solution to
give chelate complexes.

First, the dependence of the sorption of cadmium
cations on the solution pH in the static mode was studied.
The sorption of Cd2* was performed from a dilute
0.001 M solution on the background of 1 M NaCl at
room temperature. A 0.1-g portion of FIBAN R-1 or R-2
ion exchanger was placed in a flask, the pH was brought
to a required value by addition of 0.1 M NaOH, and the
mixture was vigorously agitated. After equilibrium was
attained, the content of cadmium ions in the solution was
determined with a Varian AA-200 atomic-absorption
spectrophotometer. The solution pH was measured with
an OP-265-1 pH-meter. The results obtained (Fig. 1)
demonstrate that FIBAN R-1 and R-2 sorbents well sorb
Cd?* ions at pH 5.5-7.5.

The sorption of cadmium ions under dynamic
conditions was performed from a CdCl, solution with
a concentration of 2 x 10-2 mM on the background
of 2 mM of CaCl,. This concentration of CaZ" ions
correspond to moderately hard water. Before the
beginning of sorption, the ion exchanger (~1 g) was
treated with an acetate buffer solution with pH 6.0. The
model solution was passed through columns 12.5 mm
in diameter, packed with the ion exchangers with a bed
height of 30 mm and bulk density of 0.16-0.23 g cm3,
at flow velocities w of 2, 5, and 10 cm min-!. The results
obtained in sorption of cadmium on FIBAN R-1 and
R-2 sorbents are listed in Table 1, whence follows that
NPMs well sorb cadmium ions from dilute solutions in

Table 1. Dynamic exchange capacity (DE) for cadmium ions to breakthrough (5% of the initial concentration)

SEC, mmol g DE to
Sorbent Swelling, g g™’ P, % W, cm min™' Amognt of breakthrough,
acid groups | basic groups solution, | mmol g™

FIBAN R-1 0.90 9.15 5.35 0.58 S 15 0.41
5.35 0.58 10 14 0.38

FIBAN R-2 0.45 9.18 3.99 1.2 2 19 0.55
3.99 1.2 S 15 0.40

3.99 1.2 10 14 0.37
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Table 2. Exchange capacity and swelling of nitrogen-and-phosphorus-containing sorbents

SEC, mmol g™ Swelling, g g
Sorbent P, %
acid groups basic groups H-form Na, H-form
FIBAN R-1 10.75 5.06 0.1 0.9 1.3
FIBAN R-2 10.78 4.35 0.45 0.45 0.54
FIBAN R-2 8.21 4.01 0.98 0.45 0.5

the presence of calcium ions at different solution flow
rates. The largest amount of cadmium is sorbed with the
model solution flow velocity of 2 cm min-!. Raising the
flow velocity to 5 cm min-! results in that the dynamic
capacity to breakthrough decreases; further increase
in the flow velocity to 10 cm min-! affects the sorption
of cadmium ions only slightly. It was found that FIBAN
R-1 and R-2 ion exchangers containing equal amounts
of phosphorus nearly equally sorb cadmium ions from
dilute solutions.

Further, the sorption by NPMs of heavy and nonferrous
metal ions from dilute solutions containing a mixture of
metal salts was studied. The sorption characteristics of
NPMs were studied by the dynamic method from a model
solution containing metal salts [CuCl,, NiCl,, CoCl,,
ZnCl,, CdCl,, Pb(NO;),] with a concentration of 2 x
10-2 mM on the background of 2 mM of CaCl,. The ion

20 4001

20.8

1.0

exchangers were prepared as in the case of sorption of
cadmium ions; the model solution was passed through the
same columns packed with the ion exchangers at the same
bed height, bulk density of 0.12-0.23 g cm—3, and flow
velocities of 2, 5, and 10 cm min-!. The characteristics
of the sorbents used are listed in Table 2.

The results obtained in sorption of cations of non-
ferrous and heavy metals on FIBAN R-1-R-3 sorbents
are shown in Figs. 2a—2c in the form of output sorption
curves. The solution flow velocity was 10 cm min-L.
Figure 2d shows output curves of metal ion sorption on
FIBAN R-1 ion exchanger, obtained at a twice lower flow
velocity of 5 cm min-1.

As a rule, data on recovery of metals from solutions
containing various concentrations of accompanying
elements are reported in the literature. The metal sorption
with the ion exchangers obtained was performed from

(d
1.6

1.2

0.4

Fig. 2. Output curves of sorption of heavy and nonferrous meta0-61s on FIBAN fibrous ion exchangers. (¢/c,) Concentration ratio and
(V) solution volume. FIBAN: (a, d) R-1, (b) R-2, and (c) R-3. Flow velocity (cm min-!): (a—c) 10 and (d) 5. (/) Pb2*, (2) Cu2+, (3) Cd?*,

(4) Zn2*, (5) Ni2*, and (6) Co2*.
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Table 3. Dynamic exchange capacity of the ion exchangers to breakthrough of metal ions

W SECacid, DC to breakthrough, mmol g
Sorbent P, % cm min_l mmol g_l
cu? Pb** Co** Ni* cd* Zn**
FIBAN R-1 10.7 10 0.43 0.39 0.03 0.05 0.08 0.07
5 5.06 0.65 0.63 0.05 0.08 0.10 0.09
2 0.65 0.64 - - 0.14 0.13
FIBAN R-2 9.15 10 435 0.05 0.03 Breakthrough
5 0.50 0.28 0.03 0.06 0.06 0.04
FIBAN R-3 9.0 5 4.0 Breakthrough of all ions
VION KN-1 - 10 6.67 0.17 0.19 0.02 0.04 | 0.08 | 0.03

a complex-composition solution containing a mixture of
metal ions in the same concentrations on the background
of calcium ions with a concentration 100 times higher
than that of any other metal ion. It can be seen from

Figs. 2a—2c that, when the solution is passed through
columns packed with ion exchangers at a flow velocity
of 10 cm min-1, the output sorption curves are different
for different metals. The output curves for sorption of
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Fig. 3. Curves of elution of (/) Cd?*, (2) Cu?*, (3) Ni2*, and (4) Zn2*

on FIBAN R-2 ion exchanger at 20°C with 0.5 N HCI solution and

(5) Pb2* with a 0.5 N HNOj solution. (¢) Metal ion concentration and (¥) acid volume.
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Zn2*, Ni2*, and Co?* ions and, to a certain extent, for
Cd?* show a clearly pronounced rise, i.e., a breakthrough
of metal ions is already observed after several liters of
the model solution are passed, and for FIBAN R-3 ion
exchanger, a breakthrough of metal ions was observed
even in the very first portions of the outflowing solution
(Fig. 2c). The output curves for Cu?* and Pb?* ions are
more gently sloping. Analysis of Figs. 2a—2c¢ shows that
the equilibrium sorption is observed under the chosen
conditions only for Cd2*, Zn2*, Ni2*, and Co?*, and is not
attained for Pb2* and Cu?* ions even on passing 40 1 of the
solution for FIBAN R-1 and R-2 ion exchangers.

It can be seen from the output curves for metal ion
sorption on FIBAN R-1 ion exchangers, obtained at
different flow velocities of the model solution, that the
sorption efficiency substantially increases as the flow
velocity is lowered (Figs. 2a, 2d) for all the metal ions. For
example, on passing 40 1 of the solution through a column
packed with FIBAN R-1 sorbent, the concentration ratio
c/c0 for Pb2" and Cu?* ions is 0.8 at a solution flow
velocity of 10 cm min-1 and only 0.4 at 5 cm min-!.
A breakthrough of these best sorbed ions (c = 5% of the
initial value) occurs on passing 16 1 of the model solution
at a flow velocity of 10 cm min—!, and only on passing
20-22 1 at a velocity of 5 cm min-1.

To compare the efficiencies of the sorbents in sorption
of metal ions, the dynamic capacities to breakthrough
of metal ions in a concentration of 5% relative to the
initial value were calculated from the output curves. The
efficiencies of the sorbents were compared with that of
the known VION KN-1 fibrous cation exchanger. The
data obtained are listed in Table 3, whence follows that
the DCs of FIBAN R-1 and R-2 ion exchangers increase
as the solution flow velocity is lowered from 10 to 5 cm
min-1. Further decrease in the flow velocity for FIBAN
R-1 ion exchanger to 2 cm min-! does not lead to any
considerable increase in the DC. At a high flow velocity
of the model solution, FIBAN R-1 twice exceeds the
widely used VION KN-1 ion exchanger in the efficiency
of absorption of lead, copper, and zinc ions.

The results of the study demonstrate that, among all
of the ion exchangers examined, the best sorbent for all
heavy and nonferrous metal ions from aqueous solution
is FIBAN R-1 obtained in the first stage of synthesis by
amination of the PAN fiber with EDA. As the chain of the
amine used in amination of the PAN fiber becomes longer,
the DC of the sorbents falls even for Pb2* and Cu?*. The

activity of the sorbents toward metal ions decreases in the
following order: FIBAN R-1>FIBAN R-2 > FIBAN R-3.
The ion selectivity series for NPM has the form: Cu2+ >
Pb2+ > Cd2t > Zn2" > Ni2+ > Co?2*.

The desorption of heavy and nonferrous metal ions was
studied under dynamic conditions at room temperature.
As eluents served 0.5, 1.0, and 2.0 M solutions of
hydrochloric or nitric acid. It was found that the sorbents
are easily regenerated with 0.5 M hydrochloric acid, with
all the metal ions removed, except lead ions, for whose
recovery a 0.5 M solution of nitric acid is necessary
(Fig. 3). Of particular importance for practical purposes is
the possibility of multiple use of ion-exchange materials
in sorption—desorption without changes in the exchange
capacity. Therefore, sorption—desorption cycles of the
ion exchangers obtained were studied. Sorption tests
performed with regenerated sorbents demonstrated that
the materials do not lose their sorption and mechanical
properties and can be used in, at least, ten sorption—
desorption cycles more.

Thus, the results of the study show that FIBAN R-1 and
R-2 fibrous ion exchangers exhibit high sorption activity
and have good kinetic properties and convenient form
for recovery of heavy and nonferrous metals. Therefore,
the ion exchangers are promising for use in filters for
purification of drinking and technological water.

CONCLUSIONS

(1) New fibrous nitrogen-and-phosphorus-containing
ionexchangers, FIBAN R-1,R-2,and R-3, were synthesized
by polymer-analogous conversion of a polyacrylonitrile
fiber, which includes its amination with ethylenediamine,
diethylenetriamine, or triethylenetetraamine and sub-
sequent phosphorylation under the conditions of the
Kabachnik—Fields reaction.

(2) It was demonstrated that FIBAN R-1 and R-2
fibrous chelate ion exchangers based on ethylenediamine
and diethylenetriamine, respectively, are efficient
sorbents of heavy and nonferrous metal cations from
aqueous solutions with a complex cation composition
under dynamic conditions. It was found that sorption of
cadmium cations from dilute solutions on the background
of calcium cations is possible under both static and
dynamic conditions.

(3) It was demonstrated that chelate ion exchangers
are easily regenerated and do not lose their sorption and
mechanical properties.

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



22

GRACHEK et al.

REFERENCES

. Tsilipotkina, M. V., Balakin, V.M., Kolmakova, L.K., et al.,

Vysokomol. Soedin., Kratk. Soobshch., 1990, vol. 32, no. 1,
pp. 36-40.

. Skvortsova, L.N. and Selivanova, E.V., Zh. Prikl. Khim.,

2004, vol. 77, no. 11, pp. 1775-1778.

. Skvortsova, L.N., Bobkova, L.A., Kisecleva, M.A_, et al.,

Sorbts. Khromatogr. Prots., 2001, vol. 1, no. 1, pp. 35—
45.

. Balakin, V.M., Dranitsina, N.V., Kholmanskikh, Yu.B., et

al., Zh. Prikl. Khim., 1981, vol. 54, no. 4, pp. 781-785.

. Trochimczuk, A.W. and Jezierska, J., Polymer, 2000,

vol. 41, pp. 3463-3470.

6.

10.

Alexandratos, S.D. an Quillen, D.R., React. Polymers,
1990, vol. 13, pp. 255-265.

. Kabachnik, M.1., Medved’, T.Ya., Dyatlova, N.M., et al.,

Usp. Khim., 1968, vol. 37, no. 7, pp. 1161-1188.

. Lobachev, A.A., Cand. Sci. (Chem.) Dissertation, Moscow,

1983.

. Kopylova, V.D., Mekvabishvili, T.V., and Gefter, E.L.,

Fosforsoderzhashchie ionity (Phosphorus-containing Ion
Exchangers), Voronezh: Voronezh. Univ., 1992.

Uglyanskaya, V.A., Chikin, G.A., Selemenov, V.F., et al.,
Infrakrasnaya spektroskopiya ionoobmennykh materialov
(IR Spectroscopy of lon-Exchange Materials), Voronezh:
Voronezh. Univ., 1989.

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


