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The article considers the influence of the content of the amorphous HB-4 alloy on the
tribological properties of aromatic polyamide phenylone C-2. It has been established that the
introduction of 10-20 wt.% of a dispersed filler leads to a decrease in the intensity of linear
wear and roughness by 3.7-5 and 1.3—-2.4 times, respectively, on the surface of the original
polymer; the maximum positive effect is achieved at 20 mass% filler. The formation of a
transfer film on a steel counterbody makes it possible to increase the wear resistance of metal
polymers by 1.5 times, that is, friction occurs on a smoother surface according to the "compos-
ite-composite” scheme, and the steel counterbody almost does not take part in the friction
process. It was found that the effective content of the filler in the polymer matrix is 20 mass% .

Keywords: aromatic polyamide phenylone C-2, HB-4 amorphous alloy, intensity of
linear wear, friction coefficient, metal polymers.

HMocaigxenna BuauBy amopduoro cnamaBy mapku HB-4 ma TpubGoaoriumi BaacrmeocTti
apomaTtuaHOro mogiaminy denimon. A-M.B.Tomina, K.A.€pvomina

¥ crarri posragHyTo BIJIUB BMicTy aMopdmHoro cnnaBy Mapku HB-4 ma Tpubomoriumi
BJIACTUBOCTI apoMaTuuyHoro mnojiamizy denizon C-2. BeramosiewHo, 1110 BBeIeHHSA IUCIIEPCHO-
TO HATOBHIOBaYa y KimbrocTi 10—20 mac.% MTPUSBOAUTL A0 MOZUTUBHOTO edeKTy: 3MeHIIeH-
HA IHTEeHCHBHOCTL JIHINHOrO BHOIIYBAHHS Ta IIOPCTKOCTL MO BigHOBIIOBANBHIN mOBepXHI
BUXigHoro moxaimepy y 3,7-5 i 1,3-2,4 pasu Bigmosigmo, csaramoum MiHIMaIbHUX 3HAUYEHDL
nmpu 20 mac.% HamoBHIOBaAUA. YTBOPEHHS ILIIBKYU I[epPeHECeHHS Ha CTAJeBOMY KOHTPTIii
TO3BOJISIE MOJATKOBO IIITBUINTUTH 3HOCOCTiIiKicTh MeTasnomonimepir y 1,5 pasu, Tob6To TepTsa
BimOyBaeThCs BiKe 3a OLIBII IJIaJKON IMOBEPXHEI 34 CXEMOK  KOMIIO3UT-KOMIIO3UT , & cTa-
JleBe KOHTPTiNO Malike He IpuiiMae ydaThb y mpolieci Teprda. BusasBneHo, 1o edeKTUBHUNI
BMIiCT HAIIOBHIOBAUA B IOJiMepHill marpuni ckaagae 20 mac.%.

© 2022 — STC "Institute for Single Crystals”

1.Introduction

Polymer composite materials (PCMs)
based on polyamides (PA) including aro-
matic ones are widely used instead of serial
metals in tribological compounds in many
branches of modern industry such as agri-
cultural, metallurgical and automotive ones.
As a result of various processing methods,
unique properties are achieved: stability of
parts under the influence of high tempera-
tures (528 K) and loads, abrasive particles,
acids and alkalis; low coefficient of linear
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thermal expansion, high wear resistance and
thermal conductivity [1]. Another important
factor of the widespread use of PCMs based on
PAs is the economic aspect: the use of 1 ton of
PCMs replaces 3—4 tons of steel or 6—7 tons of
bronze, while reducing the energy consumption

of production by 3.3 times [2].
Fillers (FL) of aromatic PAs to improve

mechanical and tribological properties are
carbon and organic fibers, powders of
graphite, metals, fullerene soot, etc. It is es-
tablished [3] that the use of PCMs with these
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FLs makes it possible to increase the dura-
bility and reliability of friction wunits by
7 times.

The authors of [4] found out that the
introduction of dispersed powders of pure
metals in the PAs significantly improves
their performance properties. It was shown
in [5] that MPs obtained by forming finely
dispersed metal particles in the bulk of a
polymer (methods of dispersion, displace-
ment, polymerization, etc.) are also promis-
ing; they are used in various industries.
However, their use as a PL for PA alloys,
especially amorphous or nanocrystalline
ones, has received insufficient attention in
the literature. Amorphous metals are supe-
rior to known serial materials for structural
and tribotechnical purposes in terms of
strength and elasticity [6—8]. Given all the
above mentioned, the scientific interest is
to study the influence of special alloys on
the properties of polyamide.

The purpose of this work is to study the
effect of the content of the amorphous alloy
HB-4 on the tribotechnical properties (lin-
ear wear rate, friction coefficient, and
roughness) of PCM based on heat-resistant
aromatic polyamide phenylone C-2.

2. Experimental

Linear heterochain AP phenylone C-2
was chosen as a polymeric binder for the
production of MPs. In the main chain of its
macromolecule, there is an amide group —
HNCO- connected by phenyl fragments on
both sides. This polymer is significantly su-
perior to usual PAs in terms of thermal and
chemical resistance, physical-mechanical
and tribological properties [9].

A dispersed (17-133 um) HB-4 brand
amorphous alloy (chemical composition is
Fe60Cr4CO7V2W1 M01 Nb1 820C2Si2) manufac-
tured on the equipment of "Melta™ LLC
(Kyiv) was chosen as a filler for the poly-
mer matrix. The alloy was obtained by
grinding fast-hardened amorphous tape in a
ball mill; its properties are given in Table 1.

MPs were prepared by the compression
pressing method described in [8], except for
ferromagnetic particles. Since the alloy is
based on iron, which is a ferromagnet, fer-
romagnetic particles were excluded from the
mixing process. The ferromagnetic particles
of the alloy were magnetized under the ac-
tion of an external magnetic field; thus,
they moved in the direction of the field,
which made it possible to uniformly distrib-
ute the PL in the bulk of the polymer matrix.
Tribological properties (friction coefficient f
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Table 1. Properties of HB-4 amorphous
alloy tape [10]

Indicators Values

Tape thickness, um 3513

Average interatomic distance, 0.25

R ,, nm

Glazing temperature, K 818

Density, g/cm? 5.13
Tensile strength, ov, GPa 4.29-4.89
Microhardness, GPa 12.89+0.06

and intensity of linear wear I;) were stud-
ied under conditions of friction without lu-
brication on a machine with friction discs
[11] at a load of 0.6 MPa and a sliding
speed of 1 m/s, the friction path was
1000 m. Friction surfaces of the original
polymer and MPs on its basis were studied
using a Biolam-M microscope. The rough-
ness of the friction surfaces (R,, um) of the
test samples was determined using a 170621
profilometer. The microhardness of the par-
ticles of HB-4 alloy was measured on a
PMT-3M microhardness tester.

3. Results and discussion

Table 2 presents the results of tribological
tests carried out on aromatic polyamide and
MPs based on it during the friction on the
restorative surface (imitation of the begin-
ning of the operation of the friction unit) and
on the transfer film (imitation of long-term
operation of the friction unit). From the data
of Table 2 it can be seen that the introduction
of the amorphous alloy HB-4 reduces the in-
tengity of linear wear and roughness on the
restorative surface of the initial polymer by
3.7-5 and 1.8-2.4 times, respectively, reach-
ing the minimum values at 20 mass % filler.

The increase in the wear resistance of
MPs is associated with the presence of a
harder FL in the polymer. The softer ma-
terial deforms quickly as the contacting
surface layers are subjected to repeated
stresses during the friction process [12].
As a result of the deformation processes,
a network of microcracks is formed that
contributes to the intensive separation of
wear particles and, as a consequence, leads
to wear of the material. Thus, a harder FL
is able to withstand stress increasing the
overall hardness of the material. This
inhibits the volumetric deformation of
the polymer matrix in the surface layers
and, consequently, increases the wear re-
sistance.

389



A-M.YV.Tomina, YeAYeriomina / Studying the ..

Table 2. Tribological properties of phenylone aromatic polyamide and composites based on it

Indicator C-2 C2+10% | C2+15% | C2+20% | C-2+25 %
HB-4 HB-4 HB-4 HB-4
Friction on the restorative surface

Intensity of linear wear, 34.30 9.18 7.16 6.87 12.01
I,-10°°

Coefficient of friction, f 0.520 0.474 0.493 0.633 0.611

Surface roughness, R, um 2.43 1.90 1.02 1.02 1.20

Friction on the transfer film (L = 3000 m)

Intensity of linear wear, 31.18 5.98 4.50 4.41 6.54
I,10°°

Coefficient of friction, f 0.477 0.470 0.486 0.582 0.581

Surface roughness, R, um 2.11 1.77 0.97 0.88 1.05

When forming a transfer film, the wear
resistance  additionally  increases by
1.5 times compared to friction on the re-
storative surface. It is known from litera-
ture [13] that the transfer film improves
the tribological properties of composites.
The transfer film reduces the inhomo-
geneity of the surface layer of the counter-
body (roughness is reduced by 15 %), thus
the friction process takes place on a
smoother surface according to the "compos-
ite-composite™ scheme, and the steel coun-
terbody takes almost no part in the friction
process.

Table 2 shows that the friction coeffi-
cient of acquires a minimum value with the
introduction of 10 mass% of the filler both
on the restorative surface and on the trans-
fer film. A sharp (by ~ 18 %) increase in
this index is observed with a further in-
crease in the HB-4 content to 20 mass%.
That is due to the fact that the particles of
a harder filler (HV = 607-809 units) are
concentrated on the MP surface in the con-
tact zone and increase friction forces, which
can probably lead to the formation of deep
grooves on the steel counterbody [12].

Figure 1 shows the friction surfaces of
the initial polymer (Fig. 1, a) and MPs with
an amorphous alloy content of 10—
25 mass% (Fig. 1, b—e).

On Fig. 1 (b—d), traces of adherence of
composites to the counterbody and the ab-
sence of microcracks on the friction sur-
faces of metal polymers containing 10—
20 mass% are observed. This indicates the
plastic destruction of the material under
the influence of sliding friction. In this
case, the higher the wear resistance of the
MP, the less traces of adhesion are observed
(the surface becomes less deformed).
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Morphological studies of the friction sur-
faces of MPs with an alloy content of
25 mass% indicate a fatigue mechanism of
surface destruction. On Fig. 1(e), a crack
formed at the interface of the “phenylone
-filler™ is observed, which grows to critical
sizes due to repeated loads and greatly fa-
cilitates the formation of wear particles. As
a result, the wear resistance of these MPs
deteriorates (see Table 2). This can be ex-
plained by a decrease in the plasticity of the
composition due to the excessive amount of
the filler. Before the formation of the final
products, MPs are exposed to a magnetic
field (B =0.12 T). Under the action of a
magnetic field, the ferromagnetic particles
of the filler are magnetized. Due to the
magnetic interaction, the particles collide
during mixing and form agglomerates that
behave like elementary magnets. In this
case, the higher the amount of filler in the
mixture, the greater the probability of in-
tersection of particle trajectories; hence,
the more likely is the formation of agglom-
erates. Such agglomerates are not pene-
trated by the polymer melt; inside them
there are voids, due to which cracks form
during friction.

The formation of agglomerates leads not
only to the formation of cracks and deterio-
ration of wear resistance of MPs. They also
cause intensive wear of the counterbody (see
Fig. 2, a—c) due to the high microhardness
of the amorphous alloy.

Confirmation of the presence of voids in-
side the formed FL agglomerates is the fact
that the hydrostatic (experimental) density
of the metal polymer at a filler content of
25 mass% is less than the calculated one
(see Fig. 3); the process of "softening”™ at

Functional materials, 29, 3, 2022



A-M.YV.Tomina, YeAYeriomina / Studying the ..

Fig. 1. Friction surfaces (x200) of phenylone
C-2 (a) and metal polymers based on it under
conditions of friction without lubrication,
containing a filler (mass%): b — 10, ¢ — 15,
d — 20, e — 25.

|

Fig. 2. General view of the counterbody after testing for wear resistance of the MP containing
25 mass% FL (a, c¢) and the wear process of the steel counterbody (b).
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p, g/em?
1,554
2
1,454
1 - hydrostatic
2 - estimated
1.351
0 5 lb 1l5 Zb C, mass.%

Fig. 3. Dependence of density (p, g/cm?®) on the
content of the amorphous alloy (C, mass %).

the "phenylone-HB-4 amorphous alloy™ in-
terface dominates over the ordering process.

Another important factor affecting the
tribotechnical characteristics of the MPs is
the temperature in the contact zone. It has
been established that with a filler content
of 25 mass%, the temperature reaches val-
ues close to 383 K, that is, the work of
friction forces aimed at breaking the inter-
molecular bonds between the filler and the
polymer increases. As a result, microcracks
formed on FL agglomerates coalesce into a
network that promotes the formation of
wear particles, or increase to a significant
size; which leads to uprooting of FL parti-
cles (Fig. 1e).

4. Conclusions

An analysis of the results of the per-
formance indicators of the developed metal
polymers showed that the use of the HB-4
amorphous alloy as a filler for the aromatic
polyamide phenylone C-2 is promising for
improving its tribotechnical characteristics:
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reducing the intensity of linear wear on the
recovery surface (by 5 times) and on the
transfer film (by 7 times) It has been estab-
lished that the effective content of the filler
for the polymer matrix is 20 mass% of the
HB-4 amorphous alloy.

References

1. A.I.Burya, A.-M.V.Tomina, Ye.A.Yeriomina,
J.Technological Systems, 86, 1 (2019).

2. V.A.Belevitin, E.A Gnatyishina, E.N.Smirnov,
M.L.Hasanova. In: Study guide Materials Sci-
ence: New Structural Materials: Educational
Edition, Chelyabinsk (2019) [in Russian].

3. A.I.Burya, Ye.A.Yeriomina, X.Y.Qian,
X.M.Feng, J.Advanced Materials Research,
1004 (2014).

4. A.I.Burya. Ye.A.Yeriomina, V.I.Sytar,
S.V.Kalinichenko, <. Problems of Friction and
Wear, 73, 4 (2016).

5. Ye.A.Yeriomina, dis. for the degree of cand.
tech. science (2017).

6. O.B.Lysenko, O.L.Kosynska, S.V.Gubarev,
T.V.Kalinina, J.Metallofizika i Noveishie
Tekhnologii, 36, 10 (2014).

7. A.B.Lysenko, G.V.Borisova, O.L.Kravets,
A.A . Lysenko, <J.Phys.of Metals and Metal-
lography, 106, 5 (2008).

8. 0.B.Lysenko, O.L.Kravets, 0.0.Lysenko, .
Metallofizika i Noveishie Tekhnologii, 30, 3
(2008).

9. V.I.Sytar. O.S.Kabat, J.Questions of Chemis-
try and Chemical Technology, 107, 3 (2016).

10. http://melta.com.ua/pro-kompaniyu/

11. A.I.Burya, Y.A.Yeriomina, J.Friction and
Wear, 37, 2 (2016).

12. I.V.Kragelskiy, Friction and Wear, Engineer-
ing, Moscow (1968) [in Russian].

138. N.K.Myshkin. M.I.Petrokovets, Tribology.

Principles and Applications. IMMS NASB,
Gomel (2002) [in Russian].

Functional materials, 29, 3, 2022




<<
  /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 /Error
  /CompatibilityLevel 1.4
  /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 true
  /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 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /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 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


