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Process of Silane-Zirconium Pretreatment for Carbon Steel

WU Feng-jing, LIU Xiao-juan, XIAO Xin

(School of Chemistry and Chemical Engineering, Hunan Institute of Engineering, Xiangtan 411104, China)

ABSTRACT: The work aims to solve problems of high energy consumption and serious environmental pollution caused by
conventional pretreatment process, develop a silane-zirconium metallic pretreatment process combining silanization and zirco-
nium treatment and exhibiting excellent performing by further adjusting technological parameters based upon the silanized and
zirconium-treated formula developed in early stage. Corrosion resistance of conversion films was tested by performing copper
sulfate dropping experiment, saline immersion experiment and electrochemical polarization curve. Coating adhesion to metallic
surface was tested by performing pull-off test, and microstructure of the conversion films was characterized with scanning elec-
tron microscope (SEM). The optimal process parameters were: pH=3.5, treatment temperature as 20 ‘C and treatment time as 10
min. Polarization curves results showed that corrosion current density of carbon steel treated with silane-zirconium was about
1/40 of that of untreated carbon steel. The films exhibited excellent corrosion resistance, coating adhesion to the substrate was
approximately 11.48 MPa in the pull-off test, which completely met general requirement of pretreatment process. Microstructure
analysis showed that the silane-zirconium films were nano-sized homogeneous, uniform and compact conversion ones which
could provide effective protection for metallic surface. Silane-zirconium composite films exhibiting good properties can be pre-

pared by adjusting pretreament technological parameters and combining silanization and zirconium treatment. The conversion
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films exhibit good corrosion resistance and adhesion to coatings, and meet requirement of pretreatment process.

KEY WORDS: carbon steel; silanization; zirconium treatment; composite conversion films; environmental-friendly pretreat-

ment; corrosion resistance
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Fig.1 Morphology of untreated carbon steel and carbon steel treated at different pH
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Fig.2 Morphology of untreated carbon steel and carbon steel treated at different pH and immersed in NaCl solution
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Tab.1 Corrosion resistance data of untreated carbon steel
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Fig.3 Morphology of carbon steel treated at different temperature
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Fig.4 Morphology of carbon steel treated at different temperature and treated in NaCl solution
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Fig.5 Morphology of carbon steel treated for different time
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Tab.3 Corrosion resistance data of treated carbon steel
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Fig.6 Morphology of carbon steel treated for different time after dropping copper sulfate
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Fig.7 Polarization curves of untreated and treated carbon steel
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Fig.8 SEM image of treated carbon steel surface
3 #Hit

1) B e eSO AR A — o —, ik
T ESHS R SO AN AL B T2, 348 171
REf R RERS & A .

2) fk4E pH=3.5. AbBRYEE R 20 C . AbPERT
8] 4 10 min B, 7520 RERS IR GE RS

3) REERBEAT PR RE R4, TR RS LAY
W& 71385 11.48 MPa, 58 41 2 — UL P T 220K .

4) FEES IR TR P IC e T R, B2y
A1 BE, RE &R R R AEE S

S -

[1] FRANQUET A, DE LAET J, SCHRAM T, et al. De-
termination of the Thickness of Thin Silane Films on
Aluminium Surfaces by Means of Spectroscopic Elli-
psometry[J]. Thin Solid Films, 2001, 384(1): 37-45.

21  ERE, B, EBV. 800 SRR IR 4 B
BEHES T, REHAR, 2017, 46(4): 138-142.
WANG Qing-guo, WANG Kai, WANG Sha-sha. Popu-
larization and Application of Graphene Membrane in
Automotive Corrosion Prevention[J]. Surface Tech-
nology, 2017, 46(4): 138-142.

[3] MVHESC, WMedr. B REESEE AR T 2R EIE A
A R S AT AR BE B A (0], AR5 TR, 2016,
35(2): 93-97.

SUN Ya-wen, YANG Huan-qi. Application of Zirco-
nium-Silane Composite Film to Painting Pretreatment

[4]

(5]

(6]

[7]

(8]

(9]

[10]

(1]

[12]

[13]

[14]

[15]

[16]

for Motorcycle Fuel Tank[J]. Electroplating & Finish-
ing, 2016, 35(2): 93-97.

RAMEZANZADEH B, RAEISI E, MAHDAVIAN M.
Studying Various Mixtures of 3-Aminopropyl Trie-
thoxy Silane (APS) and Tetraethylorthosilicate (TEOS)
Silanes on the Corrosion Resistance of Mild Steel and
Adhesion Properties of Epoxy Coating[J]. International
Journal of Adhesion and Adhesives, 2015, 63: 166-176.
RAHALI C, MASMOUDI M, ABDELMOULEH M, et
al. An Environmentally Friendly Film Formed on
Copper: Characterization and Corrosion Protection[J].
Progress in Organic Coatings, 2015, 78: 90-95.
PRAFm, EIFHE. BUES MR PUOKR L IEEOR[T]. B
B SERE, 2013, 33(4): 34-36.

CHEN Chun-cheng, WANG Xue-kang. Technology for
Fluorozirconate Nano Conversion Film[J]. Electrop-
lating & Pollution Control, 2013, 33(4): 34-36.
LUNDER O, LAPIQUE F, JOHNSEN B, et al. Effect
of Pre-treatment on the Durability of Epoxy-bonded
AA6060 Aluminium Joints[J]. International Journal of
Adhesion and Adhesives, 2004, 24(2): 107-117.
HAm, TR, A, S5 AR AL BT 20 N A5
1. BARIEHSU%, 2016, 19(4): 15-18.

ZHENG Fu-bin, SU He, LIANG Bing-hua. Application
of Zirconium Pretreatment Process[J]. Modern Paint &
Finishing, 2016, 19(4): 15-18.

ANDREATTA F, TURCO A, DE GRAEVE 1, et al.
SKPFM and SEM Study of the Deposition Mechanism
of Zr/Ti Based Pre-treatment on AA6016 Aluminum
Alloy[J]. Surface and Coatings Technology, 2007,
201(18): 7668-7685.

NORDLIEN J H, WALMSLEY J C, STERBERG H, et
al. Formation of a Zirconium-Titanium Based Conver-
sion Layer on AA 6060 Aluminium[J]. Surface and
Coatings Technology, 2002, 153(1): 72-78.

WU F, LIU X, XIAO X. Corrosion Resistance and
Characterization Studies of Calcium Series Chemical
Conversion Film via Green Pretreatment on Magne-
sium Alloy[J]. Anti-corrosion Methods and Materials,
2016, 63(6): 508-512.

WU F, ZHANG S, TAO Z. Corrosion Behavior of 3C
Magnesium Alloys in Simulated Sweat Solution[J].
Materials and Corrosion, 2011, 62(3): 234-239.
ZHANG S, TAO Z, LIAO S, et al. Substitutional Ad-
sorption Isotherms and Corrosion Inhibitive Properties
of Some Oxadiazol-Triazole Derivative in Acidic So-
lution[J]. Corrosion Science, 2010, 52(9): 3126-3132.
ZHANG S, TAO Z, LI W, et al. The Effect of Some
Triazole Derivatives as Inhibitors for the Corrosion of
Mild Steel in 1M Hydrochloric Acid[J]. Applied Sur-
face Science, 2009, 255(15): 6757-6763.

WU F, LIU X, XIAO X, et al. The Effect of Combined
Corrosion Inhibitors on AZ31 Magnesium Alloy[J].
Materials Performance, 2016, 55(5): 42-46.

TR, SR, RRTEL, AF. fERMHIR KH550 X
Parylene C fIi 54 J& S0 B AR 45 G B S ()], &
S IOERRE 5 TR, 2012, 28(3): 57-59.

JI Xiang-bo, XIAN Xiao-bin, TANG Xian-chen, et al.
Influence of KH550 Silane Coupling Agents on Adhe-
sive Properties of Parylene C Film to Aluminum Sub-
strates[J]. Polymer Materials Science and Engineering,
2012, 28(3): 57-59.




<<
  /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 /LeaveColorUnchanged
  /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 600
  /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 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /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.)
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
  >>
  /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 [612.284 841.890]
>> setpagedevice


