26 EH 5 W
Volume 26 Number 5

TEERERFR

The Chinese Journal of Nonferrous Metals

2016 45 H
May 2016

XEHS: 1004-0609(2016)-05-1001-09

FHEFTPGEERT 3D-C/Al E & #1#l

BRBRR N F RN

XE)PKH}:]B)E]’ ’f{%‘:&%’ ,fé}

g, &

W, ERFE

(P BB R A TR SHOR P AR S, F 5 330063)

B RHEXSSRRBIER & F AR H08 51%000 =4k 1 M i 28 M40 ik - 414 smiE 56 5 A4 RL3D-Cy AL,
WFFCAF TR ST 3D-CyAl AR B LS )R RE I R, XS LUIFST 3D-CyAl MRS HL ) 4k
CyAl HEMBINZER . SRR LAEMREUR A g SR TRELE 3 i, 4w R iz vl 2ok
5T ERE Y I AL RN AT S AR 2R SR BB s 53 ARk (R o A 55 P52 I 2 T ) A TR 2 PO e T 03 P . I
o, ZETHELRE 500 °C . BB 720 °C. BBJE 7 7 MPa FIMEIE A 20 min B9 T2 544K, Bl &1 3D-C/Al
LEMRIEEREN 97.3%, HrfsREE N 777.8 MPa, #iPEAE 186.1 GPa.

EER: YL C/Al EAAEL AHETHGREE; TR B

hESES: TB33I XHktRERD: A

3D-CyAl ZEMEMHR T 2D HiaiEs: Cy/Al K
Gk BREAR. m R R E R R B
IR R RESL, AT . AR PUTR K
M 95 57 SR N, RIS A AR, DRI A 2 A
RO TI OGTE, J T A BA I 977 vy g B A 40
ol e FL s 1) & R Rl 2 — U2, B R RIS
WP e = dEgm 2 G AR S 2 B AT 1 O e
RIS TTVE, XA 3D Ll 4R R g b g e
SEMEL, 3D FYENG o4 J8 L5 S MR R AR 4 4 )
2 TFYAF-AE 1) 7 B G e N DA B 4 Jed FH 4T 4 1) AN AH 2%
SN = WV 5B v v 3 T e L =R i TN
TENT, WG rEf AN, Hl#mrEhe 3D
SIRFEREMEN BN R B SE Tz —

KOP!' . MACANDER % ¥ | YAU % D1
SHIVAKUMAR 2518125558 3D-Cy BRI i 53 2 A KL
F1VERERATRIG AT 7T o B Ik AR £ Yl AR 53 SR G
23, RS 1T T 3R S g g 23 52 & AL
(18 BEfLAE A 5 ) AR A A R RIS 45 S S I
(18]~ 359 I8 A ST 24 I AR ) Pl &5 S AT LA, iE
HH AR I BRI SRS 465 H 1) 45 S e e 1R e &5
o VbR, ) g R AP A 57 ik 00
X} = YL U ET YIRS (C-3D/EP) A AR b ot | i
AL EEREL W7 B TR PR REEET T WEAR,

k2 e R R B0 BB AR 5 77 150 B T 4T 4 /9K 4
W g 2R ST A MORMIE = R0 g VR T 2480t s
PIEK R 3 24T AT IR AT FT, 5K 7 [ Pl =
Yo 2 b BE I AT A PRI 5 TP REEA T IR AT . 8K
M, NS 3D 4 HE A2 A PR 25 A RERIE T
FHXFE D

b, ARSCAERE I FARAR 73 28 51% 1) — 4k 17 G
21 M40 TihA, TR RS EC A LT R 15~16
mm & 10 4877, BERAETT R 30~40 mm & 10 {77,
K26 708 LA S RIS . W FUAN R AR 4E T
PIRLEE T 3D-C/Al HEMEHOEUR . B f7
MR DL R B A, SR T B W A AR
PARMT L, X ILHEAT 0T, BTN s A
J12E g R A1 3D-Cy/Al EAMEHR L4, Sm
PERE 3D-CyAl S E MR 5 R — L T2, #E8)
3D-Cy/Al A MR R FBAL TR o

1.1 KRHR
WFER T MA0(6 K) i i T 47 S8 2T 4 A 4114 5
ST MR, RS R I 1

EEWE: MK ARBEIEEEIINH (51365043); {LV544 B REBHEIE S I H (20151BAB206039); #8440 LRl 5 HOA H B 7 A 22 Bl sy
F R AR A AN 2 R A S 00 = D64 % B 10 H (GF201101004)

Igis B#A: 2015-07-22; &iTHHA: 2016-01-12

WEEEE: RS, #P%; Wik 0791-86453167; E-mail: xu_zhf@163.com



1002 hEA SR R

2016 5

B, HE 1) () gAY, Kl 1(a)h
AR T, B 1(e) AR FE T A 5w, 1
1(b) 2k =4 T ln) g Z Pl A (ARS8 . M40(6 K) I3
TEVEREFRAR WAL 1o =4 o 1m) PRI IERE I RS0 130
mmX20 mmX3 mm, M40 R4 KAFR 3 E0h 51%.
EhAE A KM ZL301 A4, Hd Mg &N
9.5%~11.0%(Fi &7 £0) -

R1 HEMNTERES I
Table 1 Performance parameters of M40-6K fiber

Tensile  Elastic
Monofilament Elongation/ Density/
) strength/ modulus/ 4
diameter/um % (grem ™)
MPa GPa
6.5 4400 392 0.7 1.81

| S TS T EN
Fig. 1 3D five-directional-woven prefabrication body: (a), (b)

Preforms photos; (c) Preforms model
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Fig. 2 Schematic diagram of vacuum pressure impregnation
method: 1—Lift and rotate plug; 2—Cooling water; 3—
Insulation cover; 4—Heating coil; 5—Preform; 6—Digital
control and display; 7—Crucible lift; 8—Vacuum; 9—Power

supply
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Fig. 3 Microstructures of 3D-C¢/Al composite at preheating
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Fig. 4 Microstructures of 3D-C¢Al and continuous C¢Al composites under different preheating temperatures: (a) 3D-Cy/Al
composite, 500 C; (b) 3D-C¢/Al composite, 560 C; (c) 3D-Cy/Al composite, 600 ‘C; (d) Continuous C¢/Al composites, 500 C; (e)
Continuous C¢/Al composites, 560 “C; (f) Continuous C¢/Al composites, 600 ‘C
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Fig. 5 Relationship between preheat temperature and average

relative density
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Fig. 6 Tensile fracture morphology of 3D-C¢/Al composite
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Fig. 8 Tensile fracture morphologies of 3D-C¢/Al composite at different preheating temperatures: (a), (d) 500 C; (b), (¢) 560 C;

(), (f) 600 C
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Fig. 9 XRD patterns of 3D-C¢/Al composite at different

preheating temperatures: (a) 500 C; (b) 560 C; (c) 600 C
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Fig. 10  Elasticity modulus of 3D-Cy/Al composites at

different preheat temperatures
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Effect of fiber preheating temperature on microstructure and
mechanical properties of 3D-C;/Al composites

NIE Ming-ming, XU Zhi-feng, XU Peng, YU Huan, WANG Zhen-jun

(National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology,
Nanchang Hangkong University, Nanchang 330063, China)

Abstract: The vacuum gas pressure infiltration was performed to prepare the 3D-Cy/Al composite reinforced 3D
five-directional braided performs woven by M40 graphite fiber with the fiber volume fraction of 51%. The effects of
preheating temperature on the microstructure and tensile strength of 3D-C¢/Al composites were studied, and the
difference between 3D-Cy/Al composites and continuous Ci#/Al composites were compared. The results show that the
density of composite increases with the fiber preheat temperature increasing, the increase of the fiber preheat temperature
can effectively reduce the infiltration defects, such as internal holes and partial fiber reunited. The tensile strength reduces
significantly with the fiber preform preheating temperature increasing. Moreover, the density, tensile strength and
elasticity modulus of the 3D-Cf/Al composites are 97.3%, 777.8 MPa and 186.1 GPa, respectively, when the preheating
temperature, infiltration temperature, impregnation pressure and dwell time of the fiber are 500 C, 720 C, 7 MPa and
20 min.

Key words: 3D-woven; C/Al composite; fiber preheating temperature; mechanical property; microstructure

Foundation item: Project (51365043) supported by National Natural Science Foundation of China; Project
(20151BAB206039) supported by Jiangxi Province Natural Science Foundation, China; Project (GF201101004)
supported by National Defence Key Discipline Laboratory of Light Alloy Processing Science and Technology Aviation
Technology Key Laboratory of Aerospace Materials Hot Working Processing Technology Jointly Funded Projects
Received date: 2015-07-22; Accepted date: 2016-01-12
Corresponding author: XU Zhi-feng; Tel: +86-791-86453167; E-mail: xu_zhf@163.com

(YR58 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


