#5027 B LM
Volume 27 Number 1

TEERERFR

The Chinese Journal of Nonferrous Metals

2017 41 H

XEH/S: 1004-0609(2017)-01-0015-09

ALSi EENHITHM St ARRPBMENLES &

January 2017

B4R, RHE, RA@4a, KEE, 3k
(LA KZE MBI 45 M4 5 I T 2E 3 E S s =, B5Frg 250061)

W . CREZWME. J2ehih, SEAEBERER . PRiBsENR 0 ik, #1958 Al-Si B &2
JRALERAE Si AHTESUARRING, ST RE AR SOl g5 R E4Lih Al-13Si 54:% Sr & Ab B 5 by ik
AT P ARUALEE, PrAidEiE A Lhderm 23%, SR BT P AR RIEE: (H a2, P AR AL S &
G R PR DR B 2 AL SN T AR PR AR B S B R FE (I AE 62~65HBW 2 [A], KUIREREXS Si AHFESRA
AR, 3L ALL25ST 542 AP AE MBS, PRI IR s 53%; EiREM G, L mET 4
PR, i R A i S AR, S MR s S Y 1S B W) B BTSN RRRAE 77THBW A4 AR,

REEIR: Al-Si 54 PR SIS JiaEriae

hESES: TG146.2 XakFrERS: A

LA L gL ALST REZ A S U, 55
P FAMZIK FR A DA ST B 1 F1 - AP I S5 e 3
B, A I 3 2 VR SR 4 AR A B AR R,
SRR AHCIR 0T & SiAHAVER Bk 3L & Si AHTE
S 2 BRI IL ) 24k B A 32 R 22 Y i A s
Bt I RE T ok, Tl b =3 SR 04 28 o Ak B R e
PR ) L

P 1 Sr AR JFUAL B W] 43 il 2k AL-Si & 4]
o SiAH. JLah SiAHTES, INIMAE & 4 0027 Pk R sl
SRR R, A A 2T TRIED T,
SRR AH ] o34, Rl Pl Sr A BT i) LKA
RPN G4, FUae Aw Si A AL Bt g
Si AHZA BRI T A5 A PERE I R, X Il AR
WRGHI . AL, % VEF A HE
TSR, B TR PR A v i S A A EE
M2 ReFabr . HAT R ALSi & 4 i BEERT Y
BD, mi A PR, Jf A ALS A4
BEERAAT NS STAES . ROT . Al o6 R — EAE
ER LAY, LIu SO g S R L Sr
BG P AR AR ER J5 A A N B PR B 2 2, {H CLEGG
SR i SRR DL P AR ST BT 4 4 s T i
PEIRRA IR . [FIREHL, AR AT ALST &4
T 1 S W A TR il — B 81 Rk, AR
ST AL-Si G I PERECANBEE . 38 5 R 5 E)

b SiAHTES . ROT Ko AR A R, O Tl AR =4
2%,

ARIAEF AR AL A S s = 1%, DAkt
fm Al-13Si At L AL-25Si 0S4, @it P,
Sr AFJFALEE Al-13Si &4, P 411k Al-25Si A& 3kA8 A
FZIEA, WA Si B LT SR T
JI5AT A

1.1 R RER

TR HT ) JEUR R S5 R 99.7% (T 43 4, T [])
F TNV EiAREE . i)l 99.9% ) malifd, 2% iR ]
2R BRI EARA A R 271 AL-3P Fil Al-10Sr
WS4

1.2 RWITZRE

FAREEAE TP AR B b 4 A, FHELS 750 CAEty
42 BT it LBl N s ik, R iR se AR A 3 ) e n
AN 0.6%C,Clg RiMRFEATBRBRME, SR 5 Hat BT
T2 750 CAAMATRERLH T Al-13Si.
Al-25Si ot 4. KHCHI Al-13Si 8L Al-25Si 54
ARG T W RS 2 I By R g AT AR

EEWME: WK ORRIEEES T B H (51271101);  [FZK HE SRR R R TR 9 BY IR H (2012CB825702)

Ugks BHE: 2015-11-10; 1&iTHHR: 2016-06-28

WBIEEE: XMk, #0%, 4 Wif: 0531-88392006; E-mail: xfliu@sdu.edu.cn



16 T EA OG5 R R

201741 H

WFRAR T ZZHNER 1), BJafE PR R h T 5
o AL AL, SR 0.4%HF (AR
B E MG AE ISM—6610LV Y3 d i N M &¢ 4 20
2B

R1 Al-13Si fil Al-25Si B4 FAHR T ESH
Table 1
Al-25Si alloys

Modification process parameters of Al-13Si and

Sample Alloy ) Holding Holding
~ Modificator . .
No. composition temperature/°’C  time/min
1 Al-13Si  0.5%Al-3P 750 30
2 Al-13Si  0.4%Al-10Sr 750 15
3 Al-25Si - 850 -
4 Al-25Si  0.8%Al-3P 850 30
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Fig. 1 Microstructures and morphologies of different samples: (a) Sample 1; (b) Sample 2; (¢) Sample 3; (d) Sample 4
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Fig. 2 Brinell hardness values of different samples (a) and

hypereutectic Al-Si alloys with different Si contents (b)
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Fig. 3 Tensile properties of different samples
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Fig. 4 Fracture morphologies of different samples: (a) Sample 1; (b) Sample 2; (c) Sample 3; (d) Sample 4
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Fig. 5 Abrasion loss curves of sample 1, 2 (a) and sample 3, 4

(b) at room temperature under different load conditions
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Fig. 6 Worn surface morphologies of different samples at room temperature under different load conditions: (a) Sample 1, 60 N; (b)

Sample 1, 120 N; (c) Sample 2, 60 N; (d) Sample 2, 120 N; (e) Sample 3, 60 N; (f) Sample 3, 120 N; (g) Sample 4, 60 N; (h) Sample
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Fig. 7 Schematic diagrams for effect of different Si phase
morphologies on wear resistance: (a) Bulk primary Si phase; (b)

Coral eutectic Si phase
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Fig. 8 Friction coefficient curves of different samples: (a) Sample 1; (b) Sample 2; (c) Sample 3; (d) Sample 4
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Difference in sensitivity of mechanical behaviors for
Al-Si alloys to Si phase morphologies

JIANG Wei, HU Kai-qi, ZHU Xiang-zhen, WU Yu-ying, LIU Xiang-fa

(Key Laboratory of Liquid-Solid Structural Evolution and Processing of Materials,
Ministry of Education, Shandong University, Ji’nan 250061, China)

Abstract: The difference in sensitivity of mechanical behaviors to the Si phase morphologies of Al-Si alloys prepared by
different modification treatments was investigated by macro hardness test, tensile test, wear test and scanning electron
microscopy. The results show that both of the ultimate tensile strength (UTS) and wear resistance at room temperature for
Al-13Si alloy with Sr modification are superior to those of P modification; while the performance of wear resistance at
high temperature is just the reverse, the variation of friction coefficient is more stable with P modification; the hardness
keeps in the range of 62—65HBW, which indicates hardness is insensitive to the change of Si phase morphologies.
Besides, the UTS of Al-25Si alloy increases by 53% after being refined by Al-P master alloy; wear resistances at room
and high temperature are improved obviously due to lower abrasion loss and more stable friction coefficient curve,
respectively; but the hardness is still 77HBW.

Key words: Al-Si alloy; modification treatment; Si phase morphology; mechanical property

Foundation item: Project(51271101) supported by the National Natural Science Foundation of China; Project
(2012CB825702) supported by the National Basic Research Program of China
Received date: 2015-11-10; Accepted date: 2016-06-28
Corresponding author: LIU Xiang-fa; Tel: +86-531-88392006; E-mail: xfliu@sdu.edu.cn
(FE £ B




<<
  /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


