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Abstract—Two explosive compositions ISU-4K and ISU-5R based on ammonium nitrate with added coke,
diesel fuel, and rubber crumbs are tested so as to establish their sensitivity to mechanical and thermal pertur-
bations. The flash point corresponding to 60-s delay is established. The kinetic parameters of thermal disin-
tegration of the explosives are determined. The information obtained may be used in compiling standard doc-
uments (of GOST, OST, TU, VTU, and other types) and writing industrial regulations.
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In improving the effectiveness and safety of explo-
sives in open-pit mining, a key trend is the expanded
use of simple industrial explosives based on ammo-
nium nitrate. In comparison with traditional explo-
sives, they are less expensive and safer to produce and
also lower in environmental impact.

The main deficiencies of such explosives are insuf-
ficient physical stability when uniform ammonium
nitrate is employed; relatively low heat of combustion;
and relatively low stability in the presence of water.
These flaws may be attributed to the properties of the
main components: ammonium nitrate and liquid
explosive. To improve the stability, the energy charac-
teristics, and the water resistance, we consider three-
component mixtures based on combustible additives
such as coal fines, wood shavings, and soot.

This approach is a response to economic and safety
considerations and also to rising environmental
requirements and interest in recycled materials (such
as worn tires, coal dust, and coke fines). The solid
combustible additive must be able not only to absorb
any liquid fuel that is not retained by the ammonium-
nitrate granules but also to ensure safe handling of the
explosive.

In the present work, we continue the research in
[1]. Attention focuses on the sensitivity of ISU-4K and
ISU-5R explosive mixtures based on ammonium
nitrate, which were developed at Mel’nikov Research
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Institute of Integrated Mineral Development, Russian
Academy of Sciences. Table 1 presents their composi-
tion. These mixtures are physically stable but sensitive
to mechanical perturbations.

Differential scanning calorimetry provides an over-
all picture of the behavior of the mixtures on heating.
This method also permits comparison of the mixtures
with pure ammonium nitrate and assessment of the
influence of the added hydrocarbons on the thermal
characteristics. We use a NETZSCH STA 449 F3
Jupiter instrument for synchronous thermogravimet-
ric analysis and differential scanning calorimetry. For
each composition, we record four thermograms, at

Table 1. Content of components in the ISU-4K and
ISU-5R mixtures

Content, wt %;
Component

ISU-4K ISU-5R
Granulated ammonium 86.0 £ 0.5 93.5%+0.5
nitrate
Crushed ammonium 25105 20x+0.5
nitrate
Diesel fuel S5*0.5 2.25+0.5
Coke fines 7.0£0.5 —
Rubber crumbs 225%+0.5
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Fig. 1. Thermogram of ISU-4K explosive mixture (heating
rate 5°C/min).

heating rates of 2.5, 5.0, 10.0, and 20.0°C/min. In
Figs. 1 and 2, we show typical thermograms for the
ISU-4K and ISU-5R mixtures, respectively. Table 2
presents data obtained by analysis of the thermograms
for the mixtures and also pure ammonium nitrate.

It is evident from Table 2 that the thermograms of
the ISU-4K and ISU-5R mixtures include four endo-
thermal peaks, corresponding to phase transitions of
pure ammonium nitrate (55, 93, 129, and 164°C). The
phase-transition temperatures are consistent with the
data for a heating rate of 2°C/min in [2]: 52.5, 89.0,
127.0, and 169.0°C. With increase in heating rate, the
exothermal and endothermal peaks are shifted to the
right, in agreement with [3].

For the ISU-4K mixture, an intense exothermal
effect begins at 225°C. This effect is accompanied by
sharp mass loss, which may be attributed to thermoo-
xidation by ammonium nitrate. The reducing agents
are organic components such as diesel fuel and coke
fines.

The thermogram of the ISU-5R mixture more
closely resembles that of ammonium nitrate (Fig. 3),

Table 2. Interpretation of Figs. 1 and 2
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Fig. 2. Thermogram of ISU-5R explosive mixture (heating
rate 5°C/min).

since fewer organic additives are used in the ISU-5R
than in ISU-4K mixture. In contrast to pure ammo-
nium nitrate, however, the initial mass loss in ISU-5R
mixture is accompanied by a small exothermal effect
at 237°C.

For both the ISU-4K and ISU-5R mixtures, the
temperature at which mass loss begins (225°C) is
higher than for pure ammonium nitrate (200°C), and
the eventual mass loss is more rapid. That indicates
increased thermal stability.

On the basis of thermograms obtained at different
heating rates, we determine the kinetic parameters of
thermal decomposition in nonisothermal conditions
for the ISU-4K and ISU-5R mixtures, by the
Kissinger method [4]; this method was used success-
fully in [5, 6].

In this approach, the maximum temperature 7,,,,
(K) in the exothermal peak calculated from the curve
for differential scanning calorimetry is related to the
heating rate @ (K/s) as follows

In(Q/T2) = IN(AR/E,) = E,/ RT sy ,

ISU-4K ISU-5R Ammonium nitrate
heating rate, °C/min
Effect
2.5 5 10 20 2.5 5 10 20 10
temperature of peak effect, °C

Endothermal 45 50 50 57 45 50 — 55 55
Endothermal 91 95 95 96 92 94 95 99 93
Endothermal 127 132 129 133 126 130 133 136 129
Endothermal 164 167 166 167 165 166 166 169 164
Exothermal 220 236 245 252 232 237 249 261 298
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Fig. 3. Thermogram of ammonium nitrate (heating rate
10°C/min).

where A is a constant, s~'; E, is the activation energy,
J/mole; and R is the universal gas constant, J/mole K.

Table 3 presents values of T}, and ¢ for the ISU-
4K and ISU-5R mixtures, as well as parameters used
in plotting In ((p/TnfaX) against 1/7,,,, (Fig. 4).

The slope of the straight line in Fig. 4, which is
equal to £,/R, is the coefficient in the corresponding
straight-line equation (17329 for ISU-5R mixture and
15544 for ISU-4K mixture). The free term in the
equation, equal to In(AR/E,), is 18.849 for ISU-5R
mixture and 15.824 for ISU-4K mixture. Hence, for
ISU-5R  mixture, E, 144.1 kJ/mole (34.4
kcal/mole), while logA = 12.4. For ISU-4K mixture,
E, = 129.2 kJ/mole (30.9 kcal/mole), while log4 =
11.1.

The flash point with different time delays is deter-
mined on the OTP certification apparatus for deter-
mining the temperature characteristics of fire safety.
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Fig. 4. Dependence of In(¢// 7,24, ) on 1/ for the ISU-4K
and ISU-5R mixtures.

Samples (mass 0.5 g) are placed in a container and
lowered into a working chamber heated to the required
temperature within the OTP apparatus. The behavior
of the samples is assessed visually by means of a mir-
ror, and the time to ignition is determined by means of
a chronometer.

The tests indicate that the flash point with 1-min
delay is 349°C for ISU-4K mixture and 396°C for
ISU-5R mixture.

In verification of complete combustion of the sam-
ples, the crucibles are clean at the end of combustion.
In all cases, immediately before ignition, we note the
copious emission of white vapor for several seconds
(up to 5 s). With increase in temperature, the interval
of smoke release is shorter. Above 349°C for ISU-4K
mixture and 396°C for ISU-5R mixture, the samples
ignite with practically no smoke release. In the com-
bustion of ISU-4K mixture, the spark extends consid-
erably in a vertical current of hot gases.

Table 3. Data for calculating the kinetic parameters of thermal decomposition of the ISU-4K and ISU-5R mixtures

¢, K/min 9, K/s fmax> °C Tnax: K 1/ Tnax ln((p/TniaX) k,s! Ink

ISU-5R

2.5 0.0416 232 505 0.00198 —15.627 0.00283 —5.867

5 0.0833 237 510 0.00196 —14.953 0.00555 —5.193

10 0.167 249 522 0.00191 —14.307 0.01059 —4.546

20 0.333 261 534 0.00187 —13.659 0.02025 ~3.899
ISU-4K

2.5 0.0416 220 493 0.00202 —15.579 0.00266 —-5.927

5 0.0833 236 509 0.00196 —14.949 0.00500 —5.298

10 0.167 244 517 0.00193 —14.287 0.00969 —4.636

20 0.333 252 525 0.00190 —13.625 0.01879 -3.973
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Table 4. Flash point of various explosives

No. Explosive Flash point, °C

1 ISU-4K 193

2 ISU-5R 306

3 TNT 295—-300
4 Hexogen 215-230
5 TEN 205-215
6 Ammonites 280—320
7 Protective ammonites 250-350
8 Pyroxylin 195

9 Nitroglycerin 200—-205

For the ISU-4K and ISU-5R mixtures, the flash point is deter-
mined at fixed temperature; in the other cases, it is determine at a
heating rate of 20°C.

We also determine the minimum value of the flash
point for the ISU-4K and ISU-5R mixtures. The tests
are conducted by the method in State Standard GOST
12.1.044—89, analogously to the determination of the
self-ignition temperature. For safety reasons, the mix-
ture mass chosen is 0.5 g, as in determining the flash
point with different time delays. For ISU-4K mixture,
the flash point is 193°C; for ISU-5R mixture, it is
306°C. That is considerably less than the self-ignition
temperature for pure ammonium nitrate (350°C) [7].

Thus, we may say that adding diesel fuel, coke
fines, and rubber crumb to ammonium nitrate
increases the thermal sensitivity of the mixtures. Note,
however, that these temperatures are comparable with
the flash points of commercial explosives (Table 4)
[8]. Accordingly, we may regard safe use of such mix-
tures as feasible. In comparing the flash points in
Table 4, we must bear in mind that the results deter-
mined in the present work correspond to constant
temperature, whereas the flash points for the commer-
cial explosives were determined at a heating rate of
20°C/min in [8].

In studying the mechanical sensitivity, tests are
conducted with impact and with friction in rapid
shear. Two types of tests are conducted, in accordance
with State Standard GOST 4545—88 [9]: determina-
tion of the lower limit of sensitivity to impact in instru-
ment 2; and determination of the explosion frequency
in instrument 1. First, for the ISU-4K and ISU-5R
mixtures, it is established that dropping a load (mass
10 kg, height 25 cm) in instrument 2 with a pressed
charge of 50 mg does not provoke an explosion in a
series of 25 tests. Therefore, to determine the lower
limit of sensitivity for pressed (at 290 MPa) 100-mg
samples, we drop the load from 50 cm. In all, three
series of tests are conducted, each with 25 impacts. No
explosion is seen in these tests, for either ISU-4K or
ISU-5R mixture. Hence, the lower limit of sensitivity
to impact is more than 50 cm for the two mixtures.
Their level of impact sensitivity is compared with
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results for pure ammonium nitrate, TNT, Ammonite
6-ZhV, Alyumotol, and other explosives [10].

In instrument 1, a 10-kg load is dropped from
25 cm onto pressed 50-mg samples. Three series of
tests are conducted, each with 25 impacts. For ISU-4K
mixture, explosions are observed with frequencies of
36, 36, and 24%; the mean is 32%. For ISU-5R mix-
ture, no explosions are observed. Thus, the sensitivity
of ISU-4K mixture is comparable with that of Pobedit
VP-4, Ammonal VA-4, Ammonite 6-ZhV, and other
industrial explosives. For ISU-5R mixture, the sensi-
tivity is comparable with that of ammonium nitrate
and other explosives with practically no sensitivity.

Tests with friction in rapid shear are conducted in
accordance with State Standard GOST R 50835-95
[11]. Three series of tests are conducted with 20-mg
charges; the maximum load on a K-44-3 hammer is
1 GPa; and the deviation of the hammer pendulum is
110 deg. No explosion is observed in any case.

Continuing the research on mechanical sensitivity,
we conduct tensometric tests, in which the explosive
flash emitted is recorded by means of high-speed pho-
todiodes, using the critical-pressure method [12]. Two
series of hammer tests are conducted, recording the
impact pressure profile of a 10-kg load dropped from
50 cm onto pressed charges of ISU-4K or ISU-5R
mixture in instrument 2. The thickness of the charges
varies from 0.05 to 1 mm. (Their mass varies from 10
to 150 mg.) The charges do not explode, but the
destructive pressure is reliably recorded. As a result,
the compressive strength of the charges in impact is
determined: 64 MPa for ISU-4K mixture and 69 MPa
for ISU-5R mixture.

Thus, tensometric tests with load impact on the
explosive charges permit the determination of some
rheological characteristics of ISU-4K and ISU-5R
explosive mixtures under impact and confirm the
finding in standard tests: no explosions are seen in
instrument 2.

Comprehensive research on the mechanical and
thermal sensitivity of ISU-4K and ISU-5R explosive
mixtures shows that these mixtures may be success-
fully used in open-pit mining: their mechanical and
thermal sensitivity is low.

REFERENCES

1. Gadzhieva, E.P., Grantov, A.E., Shushpanov, A.N.,
et al., Evaluation of the sensitivity of some composi-
tions based on ammonium nitrate to thermal effects,
Materialy 111 mezhdunarodnoi nauchno-prakticheskoi
konferentsii molodykh uchenykh po problemam tekhnos-
fernoi bezopasnosti (Proc. 111 Int. Sci.-Pract. Conf. Of
young Scientists ob the Problems of Technosphere
Security), Moscow: Ross. Khim.-Tekhnol. Univ. im.
D.I. Mendeleeva, 2018, pp. 33—36.

2. Babkina, T.S., Phase equilibria in binary and ternary

systems based on ammonium nitrate and urea, Cand.
Sci. (Chem.) Dissertation, Moscow, 2014, pp. 75—79.



412

AKININ et al.

Wendlandt, W.W., Thermal Methods of Analysis, New
York: Wiley, 1974.

. Kissinger, H.E., Reaction kinetics in differential ther-

mal analysis, Anal. Chem., 1957, vol. 29, no. 11,
pp. 1702—1706.

Vasin, A.Ya., Gadzhiev, G.G., Raikova, V.M., et al.,
The explosion hazard of some organic compounds with

explosion-bearing groups, Khim. Prom. Segodnya,
2016, no. 12, pp. 51-55.

. Platonova, S.A., Shushpanov, A.N., Vasin, A.Ya., and

Gadzhiev, G.G., The fire and explosion hazard proper-
ties of 5-aminolevulinic acid hydrochloride and its syn-
thesis intermediate, Usp. Khim. Khim. Tekhnol., 2017,
vol. 31, no. 13, pp. 78—80.

GOST (State Standard) 2-2013: Ammonium Nitrate.
Specifications, Moscow: Standartinform, 2013.

. Orlenko, L.P., Fizika vzryva (Physics of Explosion),

Moscow: Fizmatlit, 2002.

SPELL: OK

9.

10.

11.

12.

COKE AND CHEMISTRY  Vol. 61

GOST (State Standard) 4545-88: Explosives, High. Sen-
sitivity Characteristics Determination for Impact, Mos-
cow: Izd. Standartov, 1988.

Kondrikov, B.N., The sensitivity of solid explosives to
mechanical stress, in Vzryvchatye materially i pirotekh-
nika (Explosives and Pyrotechnics), Moscow: Tsentr.
Nauchno-Issled. Inst. Nauchno-Tekh. Inf., Kon”yuk-
tury, Povysh. Kvalifikatsii, 1994, pp. 12—25.

GOST (State Standard) R 50835-95: High Explosives.
Methods for Determination of Sensitivity Characteristics
to Friction at Impact Displacement, Moscow: I1zd. Stan-
dartov, 1996.

Dubovik, A.V., Chuvstvitel’nost’ tverdykh vzryvchatykh
system k udaru (Sensitivity of Solid Explosive Systems
to Impact), Moscow: Ross. Khim.-Tekhnol. Univ.
im. D.I. Mendeleeva, 2011.

Translated by Bernard Gilbert

No. 10 2018




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /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 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages false
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /RUS ()
    /ENU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice




