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Phosphorus mineralization for resource recovery from wastewater
using hydrothermal treatment
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We investigated the resource recovery of phosphorus from aqueous media containing various inorganic phosphorus com-
pounds by hydrothermal mineralization treatment. The hydrothermal treatment was carried out for the model wastewaters
containing 2000 mg/dm?® of phosphorus in forms of PY0,*, P"'05*, P'O,* or a mixed aqueous solution of P™05* and P'O,* with
mineralizer Ca(OH),. The phosphorus concentration in the treated water, which contained PY04>, was less than 0.1 mg/dm®. On
the other hand, the hydrothermal mineralization treatments with solid-liquid separation under hydrothermal conditions were
required for the treatment of P™O5* and P'O,*, in order to accomplish the national effluent standard of Japan (16 mg/dm®).
In this case, the phosphorus concentration in the solution treated under the optimal conditions was 0.20 mg/dm®. Thus, the
hydrothermal mineralization with Ca(OH); is recommended as one of the detoxification and recovery techniques of phospho-

rus in aqueous solution.
©2009 The Ceramic Society of Japan. All rights reserved.
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1. Introduction

Phosphorus is an essential element for everyday life, and it is
also one of the important but finite industrial resources for fer-
tilizers and medical uses on Earth. All the phosphate rocks have
been imported from abroad in Japan, which is poor in mineral
resources production. Recently, the U.S.A. stopped exporting
them in 1995. On the other hand, it is well known that phospho-
rus discharged into surface water would cause nutrient enrich-
ment of rivers and lakes. Thus, the national effluent standard of
Japan (NESJ) has been set at 16 mg/dm?®. Removal and recovery
treatment of phosphorus from wastewater containing phosphorus
compounds discharged by the sewage facilities, fertilizers and
plating industries is necessary to meet the required regulations.

Some recovery techniques of phosphorus resources from
aqueous media have been reported only by treating PYO,* dis-
solved in aqueous media. Mg and NH, are crystallized to form
struvite (magnesium ammonium phosphate: (MAP)) when the
pH of wastewater rises to 8-9." Ca also crystallizes with
PYO4* and forms hydroxyapatite (HAP: Ca;o(POs)s(OH),). And
the other treatment methods such as biological and adsorption
methods are actively investigated.*® However, phosphorus
compounds with different oxidation states such as P'Fs~, PMO;*
and P'O,* exist in aqueous media in actual cases, especially used
as ionic liquids or discharged in wastewater from the electroless
Ni—P plating industry.” It is well known that these ions do not
precipitate by the above reported technique and there are no
effective removal treatments from aqueous media. Therefore, the
establishment of the phosphorus recovery system, which can be
applied regardless of its oxidation state, is strongly required,
especially in Japan.

In our previous study, we found that the hydrothermal miner-
alization using Ca(OH), as a mineralizer could successfully
recover resources from the aqueous solution with oxo-anions
such as B(OH),~, As¥O,* and As™O;*.'%!V This technique is
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the precipitation technique of very stable anions by imitating a
natural mechanism for forming minerals from such anions in
aqueous media under hydrothermal conditions. Precipitation
mechanism is explained by the effect of decreasing solubility of
formed minerals into aqueous solution with an increase in
temperature.

In this study, the resource recovery from wastewater contain-
ing phosphorus anions, mainly P™03* and P'O,*", by hydrother-
mal mineralization treatment was investigated.

2. Experimental

2.1 Batch-type hydrothermal mineralization treat-
ment

Model wastewaters with various phosphorus species (2000
mg/dm®) were prepared by dissolving HsPYO4, H;P™O; and
H;P'O; in distilled and deionized water, respectively. These
model wastewaters (30 cm®) were sealed in a pressure vessel
lined with fluorocarbon resin with mineralizer Ca(OH),, and in
some cases, with H,O; as oxidizer. Hydrothermal treatment was
carried out by leaving the vessel in a dry oven for 2-24 h at a
given temperature in the range of 100-200°C. After the hydro-
thermal treatment, the vessel was naturally cooled down for 1 h.
Precipitates were filtered and collected.

2.2 In situ sampling-type hydrothermal mineraliza-
tion treatment

In-situ sampling type treatment apparatus shown in Fig. 1 was
used in order to analyze the phosphorus concentration under
hydrothermal conditions. In this apparatus, the liquid-solid
separation under the hydrothermal conditions was carried out by
using a sintered metallic mesh filter with 0.5 #m porosity. Model
wastewaters of 60 cm’ which contained phosphonic acid
(P"™O5*, P: 1000 mg/dm®) and phosphinic acid (P'O,*", P: 1000
mg/ dm?) were sealed in the pressure vessel as shown Fig. 1 with
1.0 g of Ca(OH), mineralizer. Thermal adjustment was carried

©2009 The Ceramic Society of Japan
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Fig. 1. Schematic diagram of in-situ sampling-type hydrothermal treat-
ment autoclave.

out by using a temperature controller (CHINO Corporation,
DZ1000).

2.3 Analysis

The precipitates were identified by X-ray diffraction (XRD:
RIGAKU Co., Rint-2500) using Cu Ke radiation. The micro-
structure observation and qualitative element analysis of precip-
itates were performed by scanning electron microscopy (SEM:
JEOL Ltd., JSM-T20) equipped with energy dispersive X-ray
spectrometry (EDS: JED-2140). Concentration of phosphorus
ions in the solvent obtained after the hydrothermal treatment was
measured by ion chromatograph (IC: Shimadzu, CTO-20AC.
Mobile phase; 12 mM NaHCOs3, 0.6 mM Na,CO3 aqueous solu-
tion, Column; Shim-pack IC-SA2) with conductivity detector
(Shimadzu Co., CDD-10A).

3. Results and discussion

3.1 Treatment for model wastewater containing
phosphonic acid with Ca(OH)2

At first, we confirmed the treatment effect for removing and
recovering penta-valent phosphoric ions from aqueous media by
using ordinary batch-type treatment apparatus with equivalent
amount of Ca(OH), mineralizer for forming HAP at 150°C. As
a result, P concentration in the treated water was less than 0.1
mg/dm?®, which showed very high removal and recovery yield.
On the next stage, we investigated the treatment for aqueous
media which contained tri-valent phosphonic acid (P™05*).
Figure 2 shows the treatment time dependence of the phosphorus
concentration in treated-water, with 0.50 g Ca(OH), mineralizer
at 150°C. The phosphorus concentration before the hydrothermal
treatment (i.e., only by addition of Ca(OH),, it is shown as O h
treatment in Fig. 2) was ca. 100 mg/dm®. The decrease in phos-
phorus concentration was derived from the formation of calcium
phosphate compound as will be described later. The phosphorus
concentration after the hydrothermal treatment was ca. 5.0 mg/dm?,
which is sufficiently lower than the NESJ. Figure 3 shows the
XRD patterns of the precipitates obtained before and after the
treatment at 150°C. Diffraction peaks of Ca(HP™O3)(H,0) was
observed in both patterns. This result indicates that the solubility
of formed precipitate Ca(HP™Os;)(H,O) under hydrothermal
conditions is lower than that under the normal temperature and
pressure conditions. Thus, low P concentration after the treat-
ment was achieved by solid liquid separation before reaching
equilibrium state under normal conditions. Phosphorus concen-
tration in hydrothermally treated model wastewater will become
the same value as that in the non-treatment wastewater (ca. 100
mg/dm?), if the liquid-solid separation is not accomplished
instantly in the cooling process. These results indicate that the
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Fig. 2. Dependence of concentration of P in the treated-water on treat-
ment time. Initial P™O5*" concentration: 2000 mg/dm3, Ca(OH),: 0.50 g,
150°C.
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Fig. 3. XRD patterns of the precipitates (a) before and (b) after the
treatment for 24 h at 150°C. (O)Ca(OH),, () Ca(HPO3)(H,0).

present hydrothermal mineralization treatment would be more
effective by separating solids and liquids as soon as possible
before reaching the dissolution equilibrium state after the
hydrothermal treatment. Thus, we investigated the hydrothermal
mineralization treatment by using the in-situ sampling-type treat-
ment apparatus.

3.2 Treatment for model wastewater containing

phosphinic acid with Ca(OH)

The result of hydrothermal mineralization treatment against
model wastewater which contains 2000 mg/dm® phosphinic acid
P'O,* at 100-200°C with 0.50 g Ca(OH),, is shown in Fig. 4.
Phosphorus concentration decreased less by the addition of
Ca(OH): (0 h treatment) or after the hydrothermal treatments at
100°C and 150°C. However, it decreased considerably down to
13.3 mg/dm? in the treated water at 200°C for 24 h. Therefore,
the hydrothermal mineralization treatment is definitely effective
for reducing the amount of P'O,* in aqueous media. Figure 5
shows the XRD patterns of precipitates obtained by the treatment
at various temperatures. The precipitates formed were
Ca(HP"MO3)(H,0), which was the same crystal structure as the
precipitate after the hydrothermal mineralization treatment for
phosphonic acid. This result suggests that P'O,>~ was oxidized
from mono-valence to tri-valence by H,O molecules under the
hydrothermal condition. In our previous study,'” it was found
that H>O could play the role of oxidizer under hydrothermal con-
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Fig. 4. Dependence of concentration of P in the treated-water on the
treatment time. Initial P'O,> concentration: 2000 mg/dm?®, Ca(OH):
0.50 g, (H) 100°C, (@) 150°C, (A) 200°C.
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Fig. 5. XRD patterns of the precipitates (a) before and after the treat-

ment for 24 h, (b) at 100°C, (¢) at 150°C, (d) at 200°C; (O) Ca(OH),, (H)

Ca(HP™03)(H20).
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ditions. At the optimal treatment condition, therefore, the present
method can decrease the concentration of P'O,* less than NESJ,
and at the same time, the phosphinic acid in the wastewater can
be finally recovered as a natural resource, Ca(HP™O3)(H,0).
Figure 6 shows the treatment time dependence on P concen-
tration for the mixed aqueous solution of 1000 mg/dm* P™MO;*
and 1000 mg/dm® P'O;* using ordinary batch-type treatment
apparatus at 200°C. P concentration in the model wastewater
after the addition of Ca(OH), was 1100 mg/dm®. It indicates that
the formation of Ca(HP™O3)(H,0) occur only for the P0;*". P
concentration in the treated-water shows the same tendency as
the result of P'O,* treatment. Thus, it is expected that the mono-
valent P'O,* would be oxidized to tri-valent P"'O5*". However,
P concentration in the treated-water at the optimal treatment con-
dition was 17.9 mg/dm?®, which is higher than that of NESJ.
Analyses of treated-water by using ion-chromatography, shown
in Fig. 7, were carried out in order to demonstrate the change of
concentration of each ion. Both the final concentrations of
P"0;* and P'O,> were lower than the NESJ. However, P"'O5*"
concentration was constant with an increase in treatment time
despite the P'O,*" concentration decreased. This result indicates
the oxidation reaction of P'O,* to form P"MO;* is attributed to
the increase in P"™O;*" concentration. Therefore, the enhance-
ment of P'O,*~ oxidation would be effective for detoxification
treatment of mixed aqueous solution. The hydrothermal miner-
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Fig. 6. Dependence of P concentration in the treated water after hydro-
thermal treatment at 200°C on the treatment time. (Initial P concentra-
tion: 2000 mg/dm?, Ca(OH),: 0.50 g).
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Fig. 7. Treatment time dependence of concentrations of phosphonic
and phosphinic acids in the treated water after hydrothermal treatment at
200°C. (Initial P concentration: 2000 mg/dm®, Ca(OH),: 0.50 g, black
bar: phosphonic ion, white bar: phosphinic ion).

alization treatments with 0.50 g of Ca(OH) as a mineralizer in
the presence of 1 vol% H»O, as an oxidizer were carried out in
order to enhance the oxidation reaction of P'O,* at 200°C
against the model wastewater containing both P™03* and P'O,*
(figure not shown). The decreasing rate of phosphorus concen-
tration was faster than that without H,O», but the recovery and
removal yields at the optimal treatment conditions were not
improved. This result suggests that the promotion of the oxida-
tion reaction of P'0,*~ to P™0s* by H,0, stimulates the produc-
tion of precipitate, Ca(HP™O3)(H,0). When the hydrothermal
mineralization treatment with 3 vol% of H,O, was performed,
the phosphorus concentration in the treated wastewater was less
than 0.10 mg/dm® at 200°C for 24 h. It is concluded that the
hydrothermal mineralization treatment with Ca(OH), and H»O»
enables effective recovery of phosphorus regardless of the model
wastewaters containing phosphonic and phosphinic acids.
Therefore, the hydrothermal mineralization treatment shows the
possibility of an internal phosphorus resource circulation.

3.3 Hydrothermal mineralization treatment by
using the in-situ sampling-type autoclave

Hydrothermal mineralization treatment by using the autoclave

as shown in Fig. 1 was carried out in order to separate the pre-
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Fig. 8. Dependence of concentration of P in the treated water on the
treatment time at 200°C. Initial P"O3*" concentration: 1000 mg/dm?, ini-
tial P'O5>~ concentration: 1000 mg/dm?, Ca(OH): 1.0 g, (M) batch, (@)
in-situ.

cipitate from solution under hydrothermal conditions. Results
obtained by this treatment would give us the information on the
solubility of formed minerals under hydrothermal conditions and
the possibility to use actual flow-type treatment equipment.

Figure 8 shows the results of hydrothermal mineralization
treatment against the mixed aqueous solution of 1000 mg/dm?
P"0;* and 1000 mg/dm® P'O;* using an ordinary batch type
autoclave and the in-situ sampling type treatment autoclave.
Phosphorus concentration decreased to 1100 mg/dm® by the
addition of Ca(OH), mineralizer. After that, it was 0.20 mg/dm®
after the treatment for 12 h, which was much lower than the
result of the treatment by using ordinary batch type treatment
apparatus. This result is evidence that the solubility of formed
mineral Ca(HP™O53)(H,0) decreases with an increase in temper-
ature of the solution. The separations of precipitates from aque-
ous solution under hydrothermal conditions can contribute to
both the reduction of treatment time and the recovery yield of
phosphorus, because this treatment completely prevents the re-
dissolution of formed minerals. Therefore, the hydrothermal
treatment using in-situ sampling-type autoclave is effective to
detoxify the wastewater and recover phosphorus in wastewater as
natural resources.

4. Conclusions

Precipitation recovery of phosphorus and detoxification of

model wastewater containing phosphoric (PYO,*), phosphinic
(P™O5*), phosphonic (P'0,*") acids and the mixture of phospho-
nic and phosphinic ions were investigated. Mineralization of
penta-valent phosphorus species by hydrothermal treatment with
Ca(OH), was effective to precipitate phosphorus as
Cas(PY04)3(OH) mineral with high yield. Phosphinic and phos-
phonic ions were also recovered as Ca(HP™O3)(H,0) by hydro-
thermal mineralization.

The hydrothermal mineralization treatment is more effective
to precipitate phosphorus species from aqueous media by the
sampling-type hydrothermal treatment autoclave. The treatment
apparatus completely prevents the re-dissolution of formed min-
erals by solid liquid separation under hydrothermal conditions.
The phosphorus concentration after the treatment for 12 h
decreased down to 0.20 mg/dm® regardless of their ionic states.
Therefore, the hydrothermal mineralization with Ca(OH) is
recommended as one of the detoxification and recovery tech-
niques of phosphorus in aqueous solution.

References

1) P. Battistoni, G. Fava, P. Pavan, A. Musacco and F. Cecchi,
Water Research, 31[11], 2925-2929 (1997).

2) K. Suzuki, Y. Tanaka, K. Kuroda, D. Hanajima, Y. Fukumoto,
T. Yasuda and M. Waki, Bioresource Technology, 98[8],
1573-1578 (2007).

3) J. Wang, Y. Song, P. Yuan, J. Peng and M. Fan, Chemosphere,
65[7], 1182-1187 (2006).

4) E. A. Deliyanni, E. N. Peleka and N. K. Lazaridis, Separation
and Purification Technology, 52[3], 478-486 (2007).

5) Y. Liu, Y. Chen and Q. Zhou, Chemosphere, 66[1], 123-129
(2007).

6) R. J. Banu et al., International Journal of Environmental
Science and Technology, 5[1], 93-98 (2008).

7) K. Karageorgiou, M. Paschalis and G. N. Anastassakis,
Journal of Hazardous Materials, 139[3], 447-452 (2007).

8) A. Patel, J. Zhu and G. Nakhla, Chemosphere, 65[7],
1103-1112 (2006).

9) L. M. Abrantes, M. C. Oliveira, J. P. Bellier and J. Lecoeur,
Electrochimica Acta, 39[11-12], 1915-1922 (1994).

10) T. Itakura, R. Sasai and H. Itoh, Water Research, 39[12],
2543-2548 (2005).

11) T. Itakura, R. Sasai and H. Itoh, Journal of Hazardous
Materials, 146[1-2], 328-333 (2007).

319




<<
  /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 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 3.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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

  /CreateJDFFile false
  /Description <<

    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata pogodnih za pouzdani prikaz i ispis poslovnih dokumenata koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /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.)
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /JPN <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




