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Effect of non-isothermal retrogression and re-ageing on
through-thickness homogeneity of microstructure and properties in
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Abstract: The effect of matching relationship between retrogression heating and cooling rate on the microstructure
homogeneity and through-thickness properties of medium-thick 7055 aluminum alloy plate was investigated by
mechanical properties test, corrosion resistance test, transmission electron microscope(TEM) observation and kinetics
calculation. The results show that, the through-thickness of strength, fracture toughness, corrosion resistance and
microstructure homogeneity increase with the decrease of retrogression cooling rate when heating rate is fixed. However,
the slow retrogression cooling rate increases the coarsening degree of precipitates, which results in the deterioration of
strength. Considering the compositive request to properties and homogeneity, the “non-isothermal retrogression and

re-ageing” temper based on the air cooling treatment to through-thickness homogeneity was established as (105 ‘C, 24
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h)+(190 C, 70 min) (heating rate 3 ‘C/min, 70 min including heating time)+(air cooling 25 min to 120 ‘C)+( 120 C, 24

h). After “non-isothermal retrogression and re-ageing” treated, the tensile strength, fracture toughness and exfoliation

corrosion resistance level are 619 MPa, 24.7 MPa'm'?

and EB—, respectively. The through-thickness homogeneity of

strength increases by 50% when compared to that of the conventional RRA treatment.

Key words: 7055 aluminum alloy; medium thick plate; non-isothermal retrogression; re-ageing; homogeneity
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medium-thick 7055 aluminum alloy plate: (a) Heating and
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Fig. 4 Temperature—time curves of different layers in medium-thick 7055 aluminum alloy plate(cooling stage in retrogression): (a)

Furnace cooling; (b) Air cooling; (¢) Force-air cooling; (d) Water cooling
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Fig. 5 Scheil integral—time curves of different layers in 7055 aluminum alloy medium thick plate(cooling stage in retrogression): (a)

Furnace cooling; (b) Air cooling; (¢) Force-air cooling; (d) Water cooling
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Fig. 8 Exfoliation corrosion morphologies of different layer samples in 7055 aluminum alloy medium thick plate after
non-isothermal retrogression and re-ageing: (a) Surface layer, 6 h; (b) Surface layer, 12 h; (c) Surface layer, 24 h; (d) Surface layer,

48 h; (e) Central layer, 6 h; (f) Central layer, 12 h; (g) Central layer, 24 h; (h) Central layer, 48 h
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Table 1 Properties comparison between non-isothermal retrogression and re-ageing (N-RRA) and T7751%% states of 7055

aluminum medium thick plate

Tensile Yield Elongation/ Conductivity Fracture toughness/ Exfoliation
Tetmper strength/MPa  strength/MPa % (IACS)/% (MPa'm'?) corrosion level
N-RRA(Surface) 579 560 11.4 38 24.7 EB
N-RRA(Center) 619 592 13.2 39 24.7 EB-
T7751 614 593 =7 =38 =242 EB
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Fig. 9 TEM images of (retrogression state) of transgranular precipitates in different layers of 7055 aluminum medium thick plate:
(a) Surface, air cooling; (b) Center, air cooling; (c) Surface, force-air cooling; (d) Center, force-air cooling; (¢) Surface, water cooling;

(f) Center, water cooling
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Fig. 10 TEM images of retrogression state of grain boundary precipitates in different layers of 7055 aluminum medium thick plate:

(a) Surface, air cooling; (b) Center, air cooling; (c) Surface, force-air cooling; (d) Center, force-air cooling; (e) Surface, water cooling;

(f) Center, water cooling



3010

PR R AR

2015411 H

7055 fafr g b AR AT AN S PE, R AR BT
X FHERAAN™ B, KRR A SR . X
Yo KV BLARPT LLOR B & i, LR TS A
BV SEEAE I R o SRV i ] LA 2
Hug/s 7055 fadr e b SO AT HHZA AN 2
HARIES S50 .

1) &R m#GE 23 C/min), 7055 #4454+
JELARCAN [i) 2 PR s 5 ot o [ 74 3 246 PR AR i A1
HL T 2R B A [m] U R R BRI T B o (L B A
HL e 6 R AN S8 50 Pk S B A ] 1 72 24003 246 11 IR A1 o %
ik,

2) [E P I#GE 23 C/min), 7055 #4454+
JEEA 1y AT 2 2R 0 K R R A 2 AN 385 ek B 2 [
VA4 H AR (R B T B . L Bl A 2141 N Y
SIPERR SRR B, RO IR, iKY FUAA 4
PR TR B B 7= AR IR AN I ST (R R MEE R mT DA 22 AN
it

3) 7055 HH G4 JELAR (1 i R B[] U A R AR 1)
PRARITIBR G Bl A b B BARAE = T 7055 44+
JEAR AT H ZH 2R DL R L R AR K A M, (R S B
MR R R, 102V W LE R RE FE IR 9/ N it
FERA (K RN 7055 B4 4 rp AR 1) 41 2 1)
Sk

4) ARAL IR AR R A P I R0 A (105 °C 24
h)+(190 °C, 70 min)(3 “C/min FFEH3, 70 min 45
JRFAFAN+(120 °C, 24 h)(Z¥¥4 25 min £ 120 C), 4
RS N PRI R AR EE S, 7055 BRA SRR A0 2 (1)
rhram s, WP TE RV JE A 0 A 619 MPa,
24.7 MPa'm"? Fil EB—, 53 () J5E 1) ANI4 2 P EL 1
[ AP S R AR B R %2 50%

REFERENCES

(1] sRFT0, XURENE. s i e A R T ). b AR
J&,2013, 32(1): 39-55.
ZHANG Xin-ming, LIU Sheng-dan. Aerocraft aluminum alloys
and their materials processing[J]. Materials China, 2013, 32(1):
39-55.

[2] CINA B M. Reducing the susceptibility of alloys, particularly
aluminum, to stress corrosion cracking: US3856584[P]. 1974.

[3] MARAUD T, DESCHAMPS A, BLEY F, LEFEBVRE W,

(4]

[3]

(6]

(7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

BAROUX B. Evolution of precipitate microstructures during the
retrogression and re-ageing heat treatment of an AlZnMgCu
alloy[J]. Acta Materialia, 2010, 58(14): 4814—4826.

WANG Y L, PAN Q L, WEI L L, LI B, WANG Y. Effect of
retrogression and reaging treatment on the microstructure and
fatigue crack growth behavior of 7050 aluminum alloy thick
plate[J]. Materials & Design, 2014, 55: 857—863.

PENG G S, CHEN K H, CHEN S Y, FANG H C. Influence of
repetitious-RRA treatment on the strength and SCC resistance of
AlZnMgCu alloy[J]. Materials Science and Engineering A, 2011,
528(12): 4014-4018.

LIUDM, XIONG B Q,BIANF G LIZH, LI X W, ZHANG Y
A, WANG F, LIU H W.
evolution and properties of an Al-7.5Zn-1.7Mg-1.4Cu-0.12Zr

In situ studies of microstructure

alloy during retrogression and reaging[J]. Materials & Design,
2014, 56: 1020—1024.

LI Z H, XIONG B Q, ZHANG Y A, ZHU B H, WANG F, LIU
H W. Microstructural evolution of aluminum alloy 7B04 thick
plate by various thermal Transactions of
Nonferrous Metals Society of China, 2008, 18: 40—45.

NICOLAS M, DESCHAMPS A. Characterisation and modelling

treatments[J].

of precipitate evolution in an Al-Zn-Mg alloy during
non-isothermal heat treatments[J]. Acta Materialia, 2002, 51(20):
6077-6094.

LIUD M, XIONGB Q,BIANF G LIZH, LI X W, ZHANG Y
A, WANG F, LIU H W. Quantitative study of precipitates in an
Al-Zn-Mg-Cu alloy aged with various typical tempers[J].
Materials Science and Engineering A, 2013, 588: 1-6.

oA, REAOT, skoke, M, KW, EOB KN
A& 7150 &< E A AT 0 [0 P EA SR AR,
2011, 21(1): 81-87.

HAN Xiao-lei, XIONG bai-qing, ZHANG Yong-an, LI Zhi-hui,
ZHU Bao-hong, WANG Feng. High-temperature retrogression
behavior of under-aged 7150 aluminum alloy[J]. The Chinese
Journal of Nonferrous Metals, 2011, 21(1): 81-87.

LIGF, ZHANG X M, LI P H, YOU J H. Effects of retrogression
heating rate on microstructures and mechanical properties of
aluminum alloy 7050[J]. Transactions of Nonferrous Metals
Society of China, 2010, 20(6): 935—941.

XU D K, BIRBILIS N, ROMETSCH P A. The effect of
pre-ageing temperature and retrogression heating rate on the
strength and corrosion behaviour of AA7150[J]. Corrosion
Science, 2012, 54: 17-25.

HUTCHINSON C R, GOUNE M, REDJAIMIA. A Selecting
non-isothermal heat treatment schedules for precipitation
hardening systems: An example of coupled process—property
optimization[J]. Acta Materialia, 2007, 55(1): 213—223.

GRONG @, SHERCLIFF H R. Microstructural modeling in
metal processing[J]. Progress in Materials Science, 2002, 47(2):

163—282.



o 25 B4 11 8] Mo, A ARSI RO 7055 405 b R AR 5 R L2 MR eV S 1 R R

3011

[15]

[16]

[17]

[18]

ik . 7050 G ARSI R A R ARNIIID]. MIRIE
IR Tk K%, 2012.

ZHANG Xue. Study on the microstructural evolution of 7050
aluminum alloy during non-isothermal ageing process[D].
Harbin: Harbin Institute of Technology, 2012.

JIANG J T, XIAO W Q, YANG L, SHAO W Z, YUAN S J,
ZHEN L. Ageing behavior and stress corrosion cracking
resistance of a non-isothermally aged Al-Zn-Mg-Cu alloy[J].
Materials Science and Engineering A, 2014, 605: 167-175.

LIU Y, JIANG D M, LI B Q, YANG W S, HU J. Effect of
cooling aging on microstructure and mechanical properties of an
Al-Zn-Mg-Cu alloy[J]. Materials & Design, 2014, 57: 79—86.
LIU Y, JIANG D M, LI B Q, YING T, HU J. Heating aging
behavior of Al-8.35Zn-2.5Mg-2.25Cu alloy[J]. Materials &
Design, 2014, 60: 116—124.

FENG D, ZHANG X M, LIU S D, DENG Y L. Non-isothermal
“retrogression and re-ageing” treatment schedule for AA7055

thick plate[J]. Materials & Design, 2014, 60: 208—217.

(20]

[21]

[22]

o, SR, MiEck, XU, REEE FRZESC. TN AL
A STV I A 3T 7055 0 LU R R AL
Bt 4R 24, 2014, 24(5): 1141-1150.

FENG Di, ZHANG Xin-ming, DENG Yun-lai, LIU Sheng-dan,
WU Ze-zheng, GUO Yi-wen. Effect of pre-ageing temperature
and retrogression heating rate on microstructure and properties
of 7055 aluminum alloy[J]. The Chinese Journal of Nonferrous
Metals, 2014, 24(5): 1141-1150.

WRZEM. AA 7055 BRG SN R IHAT A 5 D02 TR RE[D]. W
IR W ARV Tl K2, 2008.

CHEN Jun-zhou. Ageing precipitation behavior and mechanical
properties of AA7055 aluminum alloy[D]. Harbin: Harbin
Institute of Technology, 2008.

AMS  4206A. Aluminum Alloy,
8.0Zn-2.3Cu-2.0Mg-0.16Zr
Relieved, and Overaged[S]. 2006.

Plate  (7055-T7751)

Solution Heat Treated, Stress

(4RI ZFHE4D)




<<
  /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


