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SR BEE BRI 2w A2 1) 7003 BURE, HoAk 74
ST %) 4 : 6.20Zn. 0.60Mg- 0.20Cu- 0.10Zr+
0.20Ti. 0.30Mn. 0.20Cr. 0.35Fe. 0.30Si, H.4x4 Al.
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Table 1 Heat treatment values of AA7003

Aging Parameter

PA (470 °C, 2 h)+(120 °C, 50 h)
DPA (470 °C, 2 h)+(120 C, 120 h)
RRA (470 °C, 2 h)+(120 C, 48 h)+

(205 C, 10 min)+(120 °C, 48 h)
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Fig. 1 Size of specimen (Unit: mm): (a) Tensile specimen; (b)

C-ring specimen
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Fig. 2 Polarization curves of AA7003 under different aging

conditions



1834 T EA OG5 R R

2016 £ 9 H

&2 Wbl (E

Table 2  Fitting results of polarization curves

Aging Peon(vs SCE)/V Joon/ (Arcm ?) ba/(V-dec™) b/(V-dec ™) R/kQ
PA -812.26 1.15X10°° 43.54 580.17 153

DPA -813.05 1.08X10°° 43.53 821.74 16.6

RRA -818.91 3.78X1077 39.94 304.79 40.7
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Fig. 3 Stress corrosion crack in C-ring specimen of 7003
aluminum alloy under various aging conditions: (a)

AAT003-PA; (b) AA7003-DPA; (c) AA7003-RRA
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Fig. 4 EIS patterns of AA7003-RRA C-ring specimen in 3.5% NaCl aqueous solution: (a), (b) PA; (c), (d) DPA; (e), (f) RRA
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Fig. 5 Equivalent circles for EIS plots of AA7003 in different
crack growth stage: (a) Initial crack propagation; (b) Secondary

crack growth
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Table 3 EIS fitting results of AA7003 in initial crack propagate stage

G

Aging h Ry ; T R/ ; } 2Cf/ ; Ry ; R/ B} L/ ;
(Q-em ) o o n Qem?) (10 “Fem ) (Qem ) (Qem ) (Hem )
10°Q em 2s™)
1 3.156 12.09 0.9074 32.56 1.33 7629 10680 16750
A 8 4.679 26.85 0.7947 8.881 1.793 3894 4022 5762
1 3.805 14.37 0.8535 42.11 1.801 7639 15930 9374
DPA 8 5.341 32.35 0.7136 18.61 2.138 5299 6261 2019
24 5.328 72.17 0.6207 15.39 2.359 5110 5701 4553
1 4.348 15.72 0.7946 39.57 2.752 8244 17350 11880
8 3.396 33.21 0.7253 67.31 1.494 2711 9121 5071
RRA 24 3.942 65.42 0.6326 4991 1.221 3014 6145 7631
48 4.283 109.4 0.6245 33.43 1.124 3889 4078 5072
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Table 4 EIS fitting results of AA7003 in secondary crack growth stage

Aging R/ S R/ G RY L/ RJ L
condition h (Q-em?) B 7Y0/ o n (Qem?) B 7Y0/ o n (Qem?) (Hem?) (Q ecm?) (Hem )
10°Q " em 2s™) 10°Q " cm 25

24 2.12 135.8 0.5474 13.33 1.639 1 2156 5399 2475 259.4

48 2.707 270.8 0.4196 7.297 23.38 0.7948 1835 4263 2270 379.8

72 3.747 92.08 0.6819 265.1 273.2 0.4874 1730 4896 1885 495.2

A 120  3.184 60.17 0.7469  109.7 456.0 0.4648 1779 572.2 1730 5149

250  3.369 84.9 0.7782  94.57 538.4 0.579 1869 937.4 1744 11170

320 3.043 64.2 0.8394 58.98 895.6 0.5171 1065 458.8 1110 4236

48 1.503 218.7 0.497 16.73 2.383 1 4959 14150 3621 1116

72 2.749 307.3 0.4758 19.6 2.325 0.995 3528 39830 2846 1816

DPA 120 3.789 78.93 0.7254 294.6 207.1 0.711 4728 15830 2638 881.2

250 3.834 158.3 0.7205 224.8 273.7 0.7585 2627 20140 2303 1049

320 3.241 116.2 0.7795 113.7 513.0 0.657 1480 656.3 2555 14940

72 3771 137.6 0.6283 1464 28.98 1 5897 10370 2395 52.18

RRA 120 3.061 186.9 0.6226 493.3 1243 0.9914 1104 6152 3627 5942

250 6.245 241.1 0.668  426.8 113.1 0.9908 5816 14790 2219 4074

320 5.102 2143 0.7147 1722 452.4 0.7369 4028 22080 1616 679.5
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Fig. 6 R, value variation tendency of various tempered
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Fig. 7 Fracture morphologies of AA7003-PA: (a) Corrosion

area; (b) Secondary crack growth area; (c) Final fracture area

Fig. 8 Fracture morphologies of AA7003-DPA: (a) Corrosion

area; (b) Secondary crack growth area; (c) Final fracture area

UK B 1 AN [ I OTR S 22 SR A8 1) R B
B EoR, WERTCIRASTE NaCl FRBE K R Ak,
R UEE FF 2R S A e sy U IS 0IR[P I 2
MRRE 2R 0] 6l v TR P ARIRES

AR SCHR[28-301/) 73 4T, Y. g J s AR A i 55 T
e R A A Rz S ] P o e
T =t /b ()
KAt A PHREEAE 3.5%NaCl H 1 R A K
tee SRR K o g (EDBROK, Y 7 JE e ek
/N o AR AR AR A T, IR BCIRAS IR
TRAEAE A 3.5%NaCl FREE A ) 2R R 2 3l o
44(£0.5) h #168(£0.5) h, XL ALK A 48(£0.5) h
A1 69(£0.5) h, [HIHHFIS Y 53(£0.5) h F1 67(£0.5)
ho DAL, WREINS 250, XU IR 45 (MDA R IR ) 7 B0



9 26 &4 9 ) P, S 7003 BRGA IE IREGY TR I LR 2 BT 20 M 1839

W 0.647 0.696 A1 0.791. HIXANEERATLAE H:
UEE IR 285 55 [P =1 P B 4340 ] BABRAR. 7003 458 42 Y. J)
JE R ABURNE R ) [ U P R B

B9 [RIHFFIRGS 7003 Fid < 23
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area; (b) Secondary crack growth area; (c) Final fracture area
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Fig. 10 Stress—strain curves of AA7003 under various aging
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EIS analysis of stress corrosion cracks propagation in
7003 aluminum alloy

SUN Bin"?, SONG Ren-guo"? LI Hai"2, PAN Sheng-dong"?, WANG Zhi-xiu" %, HE Wang-zhao'*

(1. School of Materials Science and Engineering, Changzhou University, Changzhou 213164, China;
2. Jiangsu Key Laboratory of Materials Surface Science and Technology, Changzhou University, Changzhou 213164, China)

Abstract: The slow strain rate test (SSRT), scanning electron microscopy (SEM) observation and electrochemical
impedance spectroscopy(EIS) analysis were applied to study the stress corrosion cracks propagation of 7003 aluminum
alloy under peak aging (PA), double peak aging (DPA) and regression reaging (RRA) in aqueous solution of 3.5% NaCl
(mass fraction). The results indicate that the stress corrosion cracks propagation consists of two stages, i.e., initial crack
propagation and secondary crack growth, and the secondary crack growth stage decides the stress corrosion cracking
(SCC) susceptibility. The secondary crack growth rate of 7003 aluminum alloy under various aging states is as follows,
Vpa>Vppa>Vrra- The highest intergranular fracture tendency under PA is found by the observation of fracture morphology,
DPA take the second place, RRA is the slightest. Cooperated with the stress-strain curve analysis ultimately, the SCC
trend under various aging treatment in descending order as follows, Iscc(PA)>Iscc(DPA)>Iscc(RRA).

Key words: 7003 aluminum alloy; electrochemical impedance spectroscopy; stress corrosion cracks; initial crack;

secondary crack

Foundation item: Project (51371039) supported by the National Natural Science Foundation of China
Received date: 2015-03-20; Accepted date: 2016-01-23
Corresponding author: SONG Ren-guo; Tel: +86-519-86330069; E-mail: songrg@hotmail.com
(4REE L)




<<
  /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 <<
    /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 <>
    /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


