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SPECIFICATION  |[sued 200410

Superseding AMS2448

Application of Tungsten Carbide Coatings on Ultra High Strength Steels
High Velocity Oxygen / Fuel Process

RATIONALE

AMS2448A results from a Five Year Review and update of this specification.

1. SCOPE
1.1 Purpose

This specification covérs engineering requirements for applying tungsten carbide thermal spray| coatings to ultra high
strength steels (220 Ksi and above) utilizing high velocity oxygen fuel (HVOF)-combustion driven processes and the
properties for such cqatings. The processes and procedures herein apply only to the propertigs of the as-deposited
coating.

1.2 Application

This process has begn used typically to provide coatings that(possess lower porosity and hjgher adhesive and/or
cohesive strength than generally attainable with plasma spray..and for applications requiring wear, heat, and corrosion
resistance or dimensipnal restoration that were traditionally, chrome plated. However, usage |s not limited to such
applications.

1.3 Safety - Hazardqus Materials

While the materials, nmethods, applications, and ‘processes described or referenced in this specification may involve the
use of hazardous matIrials, this specificationidoes not address the hazards which may be involvgd in such use. It is the
sole responsibility of the user to ensure familiarity with the safe and proper use of any hazardoug materials and to take
necessary precautionary measures to ehsure the health and safety of all personnel involved.

2. APPLICABLE DOCUMENTS

The issue of the following documents in effect on the date of the purchase order forms a part of this specification to the
extent specified hereinl The-stpplier may work to a subsequent revision of a document unless a specific document issue
is specified. When the|referenced document has been cancelled and no superseding document has been specified, the
last published issue of that document shall apply.

SAE Technical Standards Board Rules provide that: “This report is published by SAE to advance the state of technical and engineering sciences. The use of this report is entirely
voluntary, and its applicability and suitability for any particular use, including any patent infringement arising therefrom, is the sole responsibility of the user.”

SAE reviews each technical report at least every five years at which time it may be reaffirmed, revised, or cancelled. SAE invites your written comments and suggestions.
Copyright © 2008 SAE International
All rights reserved. No part of this publication may be reproduced, stored in a retrieval system or transmitted, in any form or by any means, electronic, mechanical, photocopying,
recording, or otherwise, without the prior written permission of SAE.
TO PLACE A DOCUMENT ORDER:  Tel: 877-606-7323 (inside USA and Canada)
Tel: 724-776-4970 (outside USA)
Fax: 724-776-0790

Email: CustomerService@sae.org
SAE WEB ADDRESS: http://www.sae.org
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2.1

SAE Publications

Available from SAE International, 400 Commonwealth Drive, Warrendale, PA 15096-0001, Tel: 877-606-7323 (inside
USA and Canada) or 724-776-4970 (outside USA), www.sae.org.

AMS6454

AMS6484

AMS7881
AMS7882

Sheet Steel, Strip, and Plate, 1.8Ni - 0.80Cr - 0.25Mo (0.38 - 0.43C) (SAE 4340), Consumable

Electrode Melted

Steel, Bars, Forging, and Tubing, 0.80Cr - 1.8Ni - 0.25Mo (0.38 - 0.43C) (SAE 4340), Normalized

and Tempered
Tungsten Carbide-Cobalt Powder, Agglomerated and Sintered
Tungsten Carbide-Cobalt Chrome Powder, Agglomerated and Sintered

SAE J442
2.2 ASTM Publicatio

Available from ASTM
Tel: 610-832-9585, w

ASTM C 633
ASTM E 384

3. TECHNICAL REQ

3.1 Equipment

3.1.1  Torch

A specially constructe
coating material to a n
torch shall be micropr
torch shall be mounte
working distance and
device that will maintai

3.1.2 Gauges
3.1.2.1 Pressure ga

3.1.2.2 Flow meters

e il Y] Llalal () £ Ql . H
FSol Oy, TTUIUTT, adllu'Uayt 1UI oMUl T"TTTITY
NS

International, 100 Barr Harbor Drive, P.O. Box C700, West Conshohod
vw.astm.org.

Adhesion or Cohesive Strength of Flame-Sprayed Coatings
Microhardness of Materials

UJIREMENTS

i gun that utilizes combustion products to generate a high velocity gas str
olten or plasticized state, and ttansfer of the coating material to the work pi

d on an automated manipulating device during the deposition process f

traverse rate or maintained in a fixed position with the component moun
h a constant working-distance.

Iges shall have a minimum accuracy of +1.5% of full scale.

shall have a minimum accuracy of +2% of full scale.

ken, PA 19428-2959,

cam for heating of the
ece shall be used. The

bcessor-controlled and fitted with an automated device for regulating the gas(es) and fuel(s). The

b maintain a constant
ted on a manipulating

3.1.3 Powder Feede
The powder feed syste
3.2 Materials

3.2.1

m shall supply a metered flow of material.

engineering organization.

3.2.2

organization. All powders shall be dry, free flowing and uniformly blended.

Gases and fuels specifications used by the processor for procurement shall be acceptable to the cognizant

Coating material shall conform to AMS7881 or AMS7882 unless otherwise specified by the cognizant engineering
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3.3 Preparation
3.3.1 Cleaning

Surfaces to be coated shall be thoroughly cleaned to remove oil, grease, dirt, paint and other foreign material. Final
cleaning shall take place no more than four hours prior to coating. Cleaning procedures shall not embrittle, pit, or damage

surfaces to be coated.
3.3.2 Masking

Parts shall be masked

by any appropriate means to protect all surfaces that are not being coated.

3.3.3 Surface Condi

foning

After cleaning, surfacgs to be coated shall be grit-blasted with aluminum oxide blast media” af

552 KPa) and 6 to 8 in
shall be free from mo
achieve a 120 to 150 H
to verify the proper sur

3.4 Application

3.4.1 Process

Ches (152 to 203 mm) standoff distance to clean and prepare the sdrface for
sture, oil, dirt and other contaminants. Grit size shall be of thefinest posg
Ra surface roughness, but shall never be coarser than 54 grit./A-surface pro
face conditioning for each procedure used.

The parameters for gas flows and pressures, powder feed ratesqcand spray distance, as well a

traverse speeds shall
by this document and/q
3.4.2 Preheating

Surfaces to be coateq
Preheating may be acqd

3.4.3 Coating

The coating material s
dimensions.

be determined by a statistical method designed to achieve the desired coati
r the cognizant engineering organizatiof:

shall be heated to remove.moisture, Surface temperature shall not exg
omplished with the torch or.by other suitable means and shall be monitored

hall be deposited on the designated surface in sufficient thickness to perm

ich coeating is optional must be prepared and handled in the same manne
uired:@nd adhesion requirements still apply.

60 to 80 psi (414 to
HVOF deposition. Grit
ible size necessary to
filometer shall be used

5 deposition rates and
ng properties specified

eed 350 °F (177 °C).
bs specified in 3.4.3.4.

it finishing to specified

as the area on which

e of YU~ £ 5 should be maintained. For cylindrical components, angle IS m

easured relative to the

centerline axis of the cylinder. For any application that requires a spray angle at less than 85°, all test
specimens shall be sprayed at the same angle as the component and all minimum mechanical property

3.4.3.1  Areas on wh
coating is re
3.4.3.2 A spray ang
requirements will apply.
3.4.3.3

cycles to ma

intain part below maximum allowable temperature.

Spray deposition shall be continuous except for interruptions to measure coating thickness and/or for cooling
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3.4.3.4 Substrate Temperature

Unless otherwise specified, maximum temperature of the substrate during preheating and coating application shall be
controlled to not exceed 350 °F (177 °C). Temperature measurements shall be made utilizing a laser-sighted infrared (IR)
thermometer with adjustable emissivity (0.1 to 0.99) and response time of less than 1 second. Measurement location shall
be taken on the parent metal adjacent to the edge of the coating as it traverses the area to be coated. If geometric or part
size constraints do not allow this procedure to be followed, then the temperature shall be measured immediately adjacent
to the coated area along the same path of travel as the gun plume. Emissivity shall be set to a standard value for high
strength steel. Resolution of the IR thermometer shall be 1 C° or 1 F°, depending on the scale used and spot diameter
should be less than 2.5 inch (64 mm) or equivalent to the actual diameter of the IR beam.

3.4.4 Test Specimens

Specimens required under 3.7 shall be coated, as far as practicable, using the process procetliures identified on the
Coating Process Contfol Sheet (see Figure 1) with the parts that they represent. Specimens regresenting components
rotated under the sprdy shall be sprayed at the same rotational speed and incremental-step rat¢ as the component. If
there are multiple apglication angles on the same component, each of the deposition-angles shall be evaluated with
specimens for compliance with minimum mechanical property limits. Specimens shall be evaluated prior to coating
application on productipn components.

3.4.5 Specimen Matgrial
Bond strength specimgns shall be fabricated from AMS6484, heat treated to produce a hardness [40 HRC minimum and
no higher than the hafdness of the component substrate. Metallographic and bend test specimgns shall be fabricated
from AMS6454 and hdat treated to produce a hardness of 40 HRC.wiinimum. Alternatively, test specimens can be made
from the same material, in the same condition as the component,
3.5 Surface Finishing
Procedures for finishing shall be in accordance with the_cognizant engineering organization’s specifications.
3.6 Properties

3.6.1  Adhesion

3.6.1.1  Bend Test
Specimens prepared and tested (in)accordance with 3.7.1 shall not show separation of the coating from the substrate, when

examined visually withput magnification. Cracking of the coating and minimal separation at the specimen edges shall be
considered acceptable.

3.6.1.2 Bond Strength

Specimens, prepared and tested in accordance with 3.7.2, shall be 10 ksi (69 MPa) minimum.
3.6.2 Coating Hardness

The coating hardness, tested in accordance with 3.7.3, shall be HV3p04 950 minimum.

3.6.3 Microstructure

A detailed standard procedure for metallographic specimen preparation and examination shall be used to ensure
consistent results as in 4.4.1. Examination of a suitably prepared cross-sectioned specimen shall show the coatings to be
free from cracks and delaminations. Repolishing can only be performed on specimens that show flaws induced by the

polishing method. Oxide content cannot be induced and is not grounds for repolishing. Microstructural properties shall be
evaluated in accordance with the following:
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3.6.3.1 Voids and oxides shall be uniformly distributed and not greater than 1% in any field of view (approximately
0.02 inch (0.5 mm) length) when examined at 400X magnification on the cross sectioned specimen. Any single
void greater than 0.002 inch (0.05 mm) shall be cause for rejection.

3.6.3.2 Unmelted Particles

None in any field of view (approximately 0.04 inch (1.0 mm) length) when viewed at 200X magnification on the cross
sectioned specimen.
3.6.3.3 Interface

Contamination of the coatmg at the substrate interface W|th surface preparat|on med|a shall not exceed 10% in any field

of view (approximatelyro-
Any coating separatiop at the mterface will not be acceptable. Separation is defined as gap;be
substrate greater than|0.002 inch (0.05 mm) in length following directly along the bond line, Any le
be considered acceptaple voids or porosity.

3.6.4 Carbide Distriution

, all carbides shall be uniformly distributed with no banding’or clustering.

s-sectioned specimen.
ween the coating and
ngth less than this will

Coatings shall be evaluated for residual stress by preparing and spraying a standard Almen Ty

e “N” strip in identical

fashion as the comporjent being coated. Both the surface to be ceated and uncoated surfaces of the Almen strip shall be

grit-blasted to minimiz
Almen strip surface tg

curvature of the Almen strip to less than,0:002 inches (0.05 mm) arc height. The arc height of the
be coated shall be measured after, grit-blast surface preparation (first repding) and again after

coating application (s¢cond reading). The first reading and subsequent coating application shall be with the convex
surface of the Almen strip in the up position if the strip. @S not flat after grit blast and the second [reading with the same
surface, now coated, i the up position. The Almen strip shall be restrained flat, in the transverse direction by four screws
located as indicated ip SAE J442 during coating.deposition. The measured change in deflecon of the Almen strip
resulting from the appl|cation of the coating shall\bé reported as the difference of the two readings,| second reading minus
first reading, and is indicative of the desired compressive coating stresses if the sign of the|difference is positive.
Acceptable values for Almen type “N” strip-arc heights are positive 0.003 to 0.012 inches (0.075 t¢ 0.30 mm) for a 0.005
inch (0.13 mm) thick cgating.

3.6.6 The minimum
optional shall

finished coating thickness shall be 0.003 inch (0.076 mm). Areas on which the coating presence is
e exemptfrom the minimum thickness requirement.

3.7 Test Methods

3.7.1 Bend Test
Test panels shall be approximately 0.05 x 1 x 3 inches (1.3 x 25 x 76 mm) and shall be coated on one side to a thickness
of 0.001 to 0.003 inch (0.025 to 0.076 mm). Panels shall be tested by being bent around a 0.5 inch (13 mm) diameter bar,
with the coated surface on the outside of the bend, at a rate of approximately ten degrees per second. Panels shall be
bent to obtain a 90° permanent set.

3.7.2 Bond Strength

Test specimens shall be bar approximately 1 inch (25 mm) in diameter by 2 inches (51 mm) long and shall be coated to a

thickness of 0.009 to 0.012 inch (0.2 to 0.3 mm). Specimens shall be prepared and tested in accordance with ASTM C 633.
Adhesive only qualification tests shall be run under the same test conditions to verify integrity of the adhesive.
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3.7.3 Microhardness

Test panels shall be approximately 0.05 x 1 x 3 inches (1.3 x 25 x 76 mm ) and shall be coated on one side to a minimum
thickness of 0.009 inch (0.20 mm). The hardness shall be the average of a minimum of ten evenly spaced indentations in
accordance with ASTM E 384.

3.8 Quality

The coating, as received by purchaser, shall be adherent to the basis material and shall have a uniform, continuous
surface free from spalling, chipping, flaking, and other imperfections detrimental to usage of the coating.

3.9 Tolerances

Unless otherwise spegified by the cognizant engineering organization, a tolerance of -0 t@y%0}125 inch (3.2 mm) is
allowed on the boundaries of the coated area.

3.10 Definition
3.10.1 Lot

A lot shall be all parts pf a similar configuration, coated sequentially on the same machine setup uging the same batch of
coating material and process parameters, within a shift or eight hours“of torch time, and pregented for processor’s
inspection at one time.

3.11 Mechanical Coafing Removal

Coatings may be remgved subject to section 4.6 requirements by mechanical methods such as gfinding, or any method
approved by the cognizant engineering organization provided original substrate conditions remain ynchanged.

3.12 Chemical Coating Removal

Coatings may be remojed subject to section 4.6 requirements.
3.12.1 Equipment
3.12.1.1 Tank

A container of adequafe volume_ for the stripping solution and the parts being stripped. The tank must be manufactured
from materials such that the structure will not be degraded by the stripping solution.

3.12.1.2 Heaters

Heating devices approved for use with the required solution(s) and capable of reliably maintaining the specified solution
temperature.

3.12.1.3 Rectifier

Approved electrical device for delivery of controlled DC current to the electrolytic stripping solution.
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3.12.1.4 Controls

Indicating devices used to determine and maintain process temperature and current flow shall have minimum accuracy as
follows:

Temperature Gages: 2% of full scale
Current and Voltage Gages: 5% of full scale

3.12.1.5 Agitation

Agitation or circulation of the solution shall be accomplished by either pumping low pressure, clean, dry air through the
solution, or by mechanical agitation using impeller or propeller driven flow.

3.13 Materials
Approved stripping soltitions and their methods of use are shown in Table 1.

TABLE 1 - STRIPPING SOLUTIONS

Solution # Solution Name Immersion Use ~ Electrolytic Usg
1 Rochelle Salt X
2 Nickel Plating Strip Solution
(See Note 8.2) X

3.14 Preparation
3.14.1 Composition apd control of solution is shown in Table 2:

TABLE 2 - SOLUTION 1 - ROCHELLE SALT

Variable Control Limits

Aphydrous Sodium Carbonate 20-30 oz./gal. (150 to 225 g/L) water
(distilled or deionized is preferred)

Spdium Tartrate (Rochelle’ Salt) 8-12 oz./gal. (60 to 90 g/L) water
(distilled or deionized is preferred)

pH 11.0-12.0

Temperature 140 to 150 °F (40 to 65 °C) is optimum

Vpltage 4 to 6 volts DC

Current Density 4 to 8 Alin” (68 to 133 A/dM?)

Splution Agitation Use oil-free, compressed air

3.14.2 Solution Processsing Requirements

The processing solutions and equipment shall be kept clean at all times. Operations shall be suspended and corrected
when the following has occurred:

A nonremovable smut is formed or foreign material is deposited on the component surface.
The solution temperature or composition is outside the control limits.

The solution surface has developed a surface film.

The parts have been etched.

The coating removal rate has diminished to less than 0.001 inch/hour (25 um/hour).

® 20T O

3.14.3 Masking

The specified solutions may have an effect on other plated, painted or surface treated areas. Masking of those areas by
impermeable means is required.
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3.15 Stripping Procedures

3.15.1 Electrolytic Method

Step 1 - A stainless steel cathode is required for this method. The coated part to be stripped is connected to the
positive terminal conductor to act as the anode. Connection shall be made such that arcing is prevented.
Step 2 - Immerse the part into Solution #1 operated in accordance with Table 2.

Step 3 - Check progress at least every 45 minutes to remove any accumulated smut. Use Scotch Brite™ or equivalent
nonwoven, nonmetallic abrasive mats to remove smut. Removal rate should be approximately 0.002 to
0.006 inch (0.05 to 0.15 mm) of coating per hour.

Step 4 - When coating is adequately stripped, remove the part from the tank and rinse thoroughly with water at room
temperature. All remaining coating can be removed by grit blasting prior to reapplication.

Step5 - Dry part ; ot f = corrosion preventative
compound {o prevent corrosion damage while part is in transit.

3.15.2 Non-electrolytic Immersion Method
Step 1 - Immerse pdrt into Solution #2.
Step2 - Check progfess every 45 minutes and remove any accumulated surface*smut. Use Scotch Brite™ or equivalent
nonwoven, [nonmetallic abrasive mats to remove smut. Removal_ rate should be approximately 0.001 inch
(0.03 mm) df coating per hour.
Step 3 - When coating is adequately stripped, remove component fronythe tank and rinse thproughly with water at
room tempgrature.
Step 4 - Dry part with compressed air and apply any necessary in-process corrosion preventative compound to prevent
corrosion damage while part is in transit.

3.16 Post Strip Procegsing

3.16.1 The processeq outlined above do not involve eyolution of atomic hydrogen at the coating |surface, or base metal
interface. Thenefore, there is no susceptibility(to"hydrogen embrittiement of the component and post processing
hydrogen relief bake is not required.

4. QUALITY ASSURANCE

4.1 Responsibility fof Inspection

Processor shall supply all test specimens for processor’'s tests and shall be responsible for fhe performance of all

required tests. When| parts are'\to be tested, the purchaser shall supply such parts. The fognizant engineering

organization reserves [the right-to sample and to perform any conformity testing deemed necesgary to ensure that the
coating conforms to spgcified.requirements.

4.2 Classification of Fests
4.21 Acceptance Tests
Bend test (3.6.1.1), coating hardness (3.6.2), microstructure (3.6.3), residual stress (3.6.4), thickness, (3.6.5), and
tolerances (3.9) are acceptance tests, and shall be performed on each lot. For fatigue sensitive applications, residual
stress (3.6.4) should be evaluated periodically as deemed appropriate by the processor and/or anytime process variables
are changed.

4.2.2 Periodic Tests

Coating material composition verification (3.2.2) and bond strength (3.6.1.2) are periodic tests and shall be performed at a
frequency selected by the processor unless frequency of testing is specified by the cognizant engineering organization.
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4.2.3 Preproduction

Tests

All technical requirements of this specification are preproduction tests and shall be performed prior to, or on the initial
shipment of coated parts to a purchaser. In addition, these tests shall be performed when a significant change in material,
and/or processing requires approval as in 4.4.3, and when the cognizant engineering organization requires conformity

testing.
4.3

4.3.1

Sampling and Testing

Acceptance Tests

One or more sets of test specimens to represent each lot of parts. See 4.6.

4.3.2 Periodic Tests
Sample quantity shall
engineering organizati
4.4  Approval

4.41 The processol
part number.
specified requ
the process dg
factors shall in
4.4.2 The process (
cognizant engi
4.4.3 The processor
processes, or
the cognizant
performance o
4.5 Reports
Processor shall furnish
specified requirements

be selected at the discretion of the processor unless otherwise 'spec
bN.

shall establish a written process description of preparation, application, a
The description shall include control factors and_parameters that provide
rements. Control factors considered proprietary by the processor shall be
scription. The processor shall maintain a complete record of proprietary fag
Clude sufficient information to reproduce theprocess. An example is shown i

escription and control factors, or first>article, whichever is specified, sha
heering organization before production*coated parts are supplied.

controls referenced in the process control sheet (see Figure 1) unless the
engineering organization.A significant change is one which could aff
f the coating or substrate.

with eachdot a report stating that the parts have been processed and tes
and that(they conform to the acceptance test requirements. The report sha

order number, lot number, AMS2448A, part number, quantity and numerical test results.

4.6 Resampling and

fied by the cognizant

hd inspection for each
coated parts meeting
assigned codes within
tors and codes. These
n Figure 1.

Il be approved by the

of coated parts shall make nelsignificant change to the process descriptipn, or to the materials,

change is approved by
ect the properties or

ed in accordance with
Il include the purchase

Retesting

If any lot acceptance test fails to meet specified requirements, disposition of parts may be based upon the results of a
retest on three additional specimens for each nonconforming specimen if coated within the same lot. Except as specified
in 4.6.1, 4.6.2, and 4.6.3, failure of any retest to meet specified requirements shall be cause for rejection of parts
represented. Results of all tests shall be recorded.

4.6.1

If any lot acceptance test or retest fails to meet specified requirements, the parts in that lot may be stripped,

recoated, and retested. Alternatively, all parts in the lot may be inspected for the nonconforming attribute, and
nonconforming parts may be stripped, recoated, and retested. After stripping and recoating, parts shall meet the

dimensions on

4.6.11

the drawing.

When stripping is performed, the method shall be acceptable to the cognizant engineering organization and

shall not roughen, pit, or embrittle the basis metal or adversely affect part dimensions. When parts have been

stripped and

replated, the purchaser shall be informed. See 8.6.


https://saenorm.com/api/?name=259d1c573405f8109ca84e770d63ebea


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 30%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /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 true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /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 false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /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 0.76
    /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /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>
    /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 (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.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


