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Research of in situ synthesis of TiC-TiB, reinforced Co-based

composite coating by laser cladding

HE Liang-hua ZHOU Fang YANG Hui—yao
( School of Material Science and Metallurgical Engineering Guizhou University Guiyang 550001 China)

Abstract: In order to increase the surface strength and wear resistance of the parts TiC-TiB, reinforced Co-based
composite coating was successfully in situ synthesized by laser cladding with preplaced powder method on steel Q235 using
TiO, Al B,C and KF-Co50 alloy powders as the binding material. The microstructure and phases analysis of the coating
were performed with metallographic microscope scanning electron microscope and X—ay diffractometer. The microhardness
and wear resistance of the coating were also tes, The results show that the coating is uniform continuous and free of pores
and cracks. An excellent bonding between t@ing and the substrate was ensured by the strong metallurgical interface.
The microstructure of the coating is mainly composed of y-Co TiC TiB, and Cry C;. The average microhardness of the
coating is 770HV,, , and the coating presents excellent wear resistance. The results have positive significance to improve
service life of the parts.
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Table 1~ Composition of KF-Co50 alloy

element Cr Ni Si B C w Co

mass fraction 0.2160 0.0100 0.0160 0.0255 0.0010 0. 0562 balance
1.2
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3TiO, +4Al + B,C = TiC + 2TiB, +2AL,0, (1)
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Fig.1 Optical microstructure
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Fig.2 XRD pattern of the coating
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Fig.3 SEM images of middle zone in the coating
Table 2 Energy dispersive X—ay analysis results of marked areas in Fig.

3( mass fraction)

area C Si Ti Cr Fe Co Ni
a 0.014 0.008 0.172 0.174 0.103 0.424 0.105
b 0.005 0.005 0.018 0.160 0.124 0.580 0.108
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Fig.4 Microhardness distribution of the coating
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Fig.5 Wear mass loss of the coating and the substrate

o Ni Si Cr v-Co
(1) Q235
TiC-TiB, Co
(2) TiC

TiB, o
(3) 790HV,, (
770HV, ,)
25 o

NIU X CHAO M J ZHOU X W et al. Research on in-situ synthe—
sis of B, C particulate reinforced Ni-based composite coatings by la—
ser cladding J . Chinese Journal of Lasers 2005 32( 11) : 1583—
1588( in Chinese) .

WANG Zh T MENG J Sh WANG Y D et al. Microstructure and
growth characteristic of in-situ synthesized TiC/Ni based composite
coating J . Rare Metal Materials and Engineering 2007 36
(s2) :769-711( in Chinese) .

WANG Zh T MENG J Sh CHEN L L et al. Microstructure and
forming mechanism of TiC/Ni composite coating in situ synthesized
by induction cladding J . Transactions of Materials and Heat

Treatment 2007 28( 6) : 99-403( in Chinese) .


http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=1&LKText=%5B1%5DNIU+X%2CCHAO+M+J%2CZHOU+X+W%2Cet+al%2EResearch+on+in%2Dsitu+synthe%2Dsis+of+B4C+particulate+reinforced+Ni%2Dbased+composite+coatings+by+la%2Dser+cladding%5BJ%5D%2EChinese+Journal+of+Lasers%2C2005%2C32%2811%29%3A1583%2D1588%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=1&LKText=%5B1%5DNIU+X%2CCHAO+M+J%2CZHOU+X+W%2Cet+al%2EResearch+on+in%2Dsitu+synthe%2Dsis+of+B4C+particulate+reinforced+Ni%2Dbased+composite+coatings+by+la%2Dser+cladding%5BJ%5D%2EChinese+Journal+of+Lasers%2C2005%2C32%2811%29%3A1583%2D1588%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=1&LKText=%5B1%5DNIU+X%2CCHAO+M+J%2CZHOU+X+W%2Cet+al%2EResearch+on+in%2Dsitu+synthe%2Dsis+of+B4C+particulate+reinforced+Ni%2Dbased+composite+coatings+by+la%2Dser+cladding%5BJ%5D%2EChinese+Journal+of+Lasers%2C2005%2C32%2811%29%3A1583%2D1588%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=1&LKText=%5B1%5DNIU+X%2CCHAO+M+J%2CZHOU+X+W%2Cet+al%2EResearch+on+in%2Dsitu+synthe%2Dsis+of+B4C+particulate+reinforced+Ni%2Dbased+composite+coatings+by+la%2Dser+cladding%5BJ%5D%2EChinese+Journal+of+Lasers%2C2005%2C32%2811%29%3A1583%2D1588%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=2&LKText=%5B2%5DWANG+Zh+T%2CMENG+J+Sh%2CWANG+Y+D%2Cet+al%2EMicrostructure+andgrowth+characteristic+of+in%2Dsitu+synthesized+TiC%2FNi+based+compositecoating%5BJ%5D%2ERare+Metal+Materials+and+Engineering%2C2007%2C36%28s2%29%3A769%2D711%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=2&LKText=%5B2%5DWANG+Zh+T%2CMENG+J+Sh%2CWANG+Y+D%2Cet+al%2EMicrostructure+andgrowth+characteristic+of+in%2Dsitu+synthesized+TiC%2FNi+based+compositecoating%5BJ%5D%2ERare+Metal+Materials+and+Engineering%2C2007%2C36%28s2%29%3A769%2D711%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=2&LKText=%5B2%5DWANG+Zh+T%2CMENG+J+Sh%2CWANG+Y+D%2Cet+al%2EMicrostructure+andgrowth+characteristic+of+in%2Dsitu+synthesized+TiC%2FNi+based+compositecoating%5BJ%5D%2ERare+Metal+Materials+and+Engineering%2C2007%2C36%28s2%29%3A769%2D711%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=2&LKText=%5B2%5DWANG+Zh+T%2CMENG+J+Sh%2CWANG+Y+D%2Cet+al%2EMicrostructure+andgrowth+characteristic+of+in%2Dsitu+synthesized+TiC%2FNi+based+compositecoating%5BJ%5D%2ERare+Metal+Materials+and+Engineering%2C2007%2C36%28s2%29%3A769%2D711%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=3&LKText=%5B3%5DWANG+Zh+T%2CMENG+J+Sh%2CCHEN+L+L%2Cet+al%2EMicrostructure+andforming+mechanism+of+TiC%2FNi+composite+coating+in+situ+synthesizedby+induction+cladding%5BJ%5D%2ETransactions+of+Materials+and+HeatTreatment%2C2007%2C28%286%29%3A99%2D103%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=3&LKText=%5B3%5DWANG+Zh+T%2CMENG+J+Sh%2CCHEN+L+L%2Cet+al%2EMicrostructure+andforming+mechanism+of+TiC%2FNi+composite+coating+in+situ+synthesizedby+induction+cladding%5BJ%5D%2ETransactions+of+Materials+and+HeatTreatment%2C2007%2C28%286%29%3A99%2D103%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=3&LKText=%5B3%5DWANG+Zh+T%2CMENG+J+Sh%2CCHEN+L+L%2Cet+al%2EMicrostructure+andforming+mechanism+of+TiC%2FNi+composite+coating+in+situ+synthesizedby+induction+cladding%5BJ%5D%2ETransactions+of+Materials+and+HeatTreatment%2C2007%2C28%286%29%3A99%2D103%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=3&LKText=%5B3%5DWANG+Zh+T%2CMENG+J+Sh%2CCHEN+L+L%2Cet+al%2EMicrostructure+andforming+mechanism+of+TiC%2FNi+composite+coating+in+situ+synthesizedby+induction+cladding%5BJ%5D%2ETransactions+of+Materials+and+HeatTreatment%2C2007%2C28%286%29%3A99%2D103%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=4&LKText=%5B4%5DDU+B+Sh%2CZOU+Z+D%2CWANG+X+H%2Cet+al%2EInvestigation+on+in+situsynthesis+of+TiB2%2DTiC%2FFeCrSiB+composite+coatings+by+laser+clad%2Dding%5BJ%5D%2EApplied+Laser%2C2007%2C27%284%29%3A269%2D272%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=4&LKText=%5B4%5DDU+B+Sh%2CZOU+Z+D%2CWANG+X+H%2Cet+al%2EInvestigation+on+in+situsynthesis+of+TiB2%2DTiC%2FFeCrSiB+composite+coatings+by+laser+clad%2Dding%5BJ%5D%2EApplied+Laser%2C2007%2C27%284%29%3A269%2D272%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=4&LKText=%5B4%5DDU+B+Sh%2CZOU+Z+D%2CWANG+X+H%2Cet+al%2EInvestigation+on+in+situsynthesis+of+TiB2%2DTiC%2FFeCrSiB+composite+coatings+by+laser+clad%2Dding%5BJ%5D%2EApplied+Laser%2C2007%2C27%284%29%3A269%2D272%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=5&LKText=%5B5%5DWANG+Z+T%2CZHOU+X+H%2EMicrostructure+and+properties+of+TiC%2DTiB2%2FFe+composite+coating+by+argon+arc+cladding%5BJ%5D%2ERare+MetalMaterials+And+Engineering%2C2009%2C38%28s1%29%3A154%2D158%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=5&LKText=%5B5%5DWANG+Z+T%2CZHOU+X+H%2EMicrostructure+and+properties+of+TiC%2DTiB2%2FFe+composite+coating+by+argon+arc+cladding%5BJ%5D%2ERare+MetalMaterials+And+Engineering%2C2009%2C38%28s1%29%3A154%2D158%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=5&LKText=%5B5%5DWANG+Z+T%2CZHOU+X+H%2EMicrostructure+and+properties+of+TiC%2DTiB2%2FFe+composite+coating+by+argon+arc+cladding%5BJ%5D%2ERare+MetalMaterials+And+Engineering%2C2009%2C38%28s1%29%3A154%2D158%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=7&LKText=%5B7%5DWANG+X+H%2CZHANG+M%2CDU+B+S%2EFabrication+in+situ+TiB2%2DTiC%2DAl2O3+multiple+ceramic+particles+reinforced+Fe%2Dbased+compositecoatings+by+gas+tungsten+arc+welding%5BJ%5D%2ETribology+Letters%2C2011%2C41%281%29%3A171%2D176%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=7&LKText=%5B7%5DWANG+X+H%2CZHANG+M%2CDU+B+S%2EFabrication+in+situ+TiB2%2DTiC%2DAl2O3+multiple+ceramic+particles+reinforced+Fe%2Dbased+compositecoatings+by+gas+tungsten+arc+welding%5BJ%5D%2ETribology+Letters%2C2011%2C41%281%29%3A171%2D176%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=7&LKText=%5B7%5DWANG+X+H%2CZHANG+M%2CDU+B+S%2EFabrication+in+situ+TiB2%2DTiC%2DAl2O3+multiple+ceramic+particles+reinforced+Fe%2Dbased+compositecoatings+by+gas+tungsten+arc+welding%5BJ%5D%2ETribology+Letters%2C2011%2C41%281%29%3A171%2D176%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=9&LKText=%5B9%5DLEI+Y+W%2CSUN+R+L%2CTANG+Y%2EGrowth+mechanism+of+in%2Dsitu+syn%2Dthesized+TiC+and+TiB2+by+laser+cladding%5BJ%5D%2EChinese+Journal+ofLasers%2C2009%2C36%285%29%3A1287%2D1291%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=9&LKText=%5B9%5DLEI+Y+W%2CSUN+R+L%2CTANG+Y%2EGrowth+mechanism+of+in%2Dsitu+syn%2Dthesized+TiC+and+TiB2+by+laser+cladding%5BJ%5D%2EChinese+Journal+ofLasers%2C2009%2C36%285%29%3A1287%2D1291%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=9&LKText=%5B9%5DLEI+Y+W%2CSUN+R+L%2CTANG+Y%2EGrowth+mechanism+of+in%2Dsitu+syn%2Dthesized+TiC+and+TiB2+by+laser+cladding%5BJ%5D%2EChinese+Journal+ofLasers%2C2009%2C36%285%29%3A1287%2D1291%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=10&LKText=%5B10%5DWANG+Z+T%2CZHOU+X+H%2CZHAO+G+G%2EMicrostructure+and+forma%2Dtion+mechanism+of+in%2Dsitu+TiC%2DTiB2%2FFe+composite+coating%5BJ%5D%2ETransactions+of+Nonferrous+Metals+Society+of+China%2C2008%2C18%284%29%3A831%2D835%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=10&LKText=%5B10%5DWANG+Z+T%2CZHOU+X+H%2CZHAO+G+G%2EMicrostructure+and+forma%2Dtion+mechanism+of+in%2Dsitu+TiC%2DTiB2%2FFe+composite+coating%5BJ%5D%2ETransactions+of+Nonferrous+Metals+Society+of+China%2C2008%2C18%284%29%3A831%2D835%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=10&LKText=%5B10%5DWANG+Z+T%2CZHOU+X+H%2CZHAO+G+G%2EMicrostructure+and+forma%2Dtion+mechanism+of+in%2Dsitu+TiC%2DTiB2%2FFe+composite+coating%5BJ%5D%2ETransactions+of+Nonferrous+Metals+Society+of+China%2C2008%2C18%284%29%3A831%2D835%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=11&LKText=%5B11%5DXUE+P+F%2CMENG+Q+S%2CCHEN+S+P%2ETribological+property+of%28TiC%2DTiB2%29p+Ni+ceramics+prepared+by+field%2Dactivated+and+pres%2Dsure%2Dassisted+synthesis%5BJ%5D%2ERare+Metals%2C2011%2C30%281%29%3A599%2D603%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=11&LKText=%5B11%5DXUE+P+F%2CMENG+Q+S%2CCHEN+S+P%2ETribological+property+of%28TiC%2DTiB2%29p+Ni+ceramics+prepared+by+field%2Dactivated+and+pres%2Dsure%2Dassisted+synthesis%5BJ%5D%2ERare+Metals%2C2011%2C30%281%29%3A599%2D603%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=11&LKText=%5B11%5DXUE+P+F%2CMENG+Q+S%2CCHEN+S+P%2ETribological+property+of%28TiC%2DTiB2%29p+Ni+ceramics+prepared+by+field%2Dactivated+and+pres%2Dsure%2Dassisted+synthesis%5BJ%5D%2ERare+Metals%2C2011%2C30%281%29%3A599%2D603%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=9-12&LKText=%5B9%5DLEI+Y+W%2CSUN+R+L%2CTANG+Y%2EGrowth+mechanism+of+in%2Dsitu+syn%2Dthesized+TiC+and+TiB2+by+laser+cladding%5BJ%5D%2EChinese+Journal+ofLasers%2C2009%2C36%285%29%3A1287%2D1291%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=1&LKText=%5B1%5DNIU+X%2CCHAO+M+J%2CZHOU+X+W%2Cet+al%2EResearch+on+in%2Dsitu+synthe%2Dsis+of+B4C+particulate+reinforced+Ni%2Dbased+composite+coatings+by+la%2Dser+cladding%5BJ%5D%2EChinese+Journal+of+Lasers%2C2005%2C32%2811%29%3A1583%2D1588%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=2&LKText=%5B2%5DWANG+Zh+T%2CMENG+J+Sh%2CWANG+Y+D%2Cet+al%2EMicrostructure+andgrowth+characteristic+of+in%2Dsitu+synthesized+TiC%2FNi+based+compositecoating%5BJ%5D%2ERare+Metal+Materials+and+Engineering%2C2007%2C36%28s2%29%3A769%2D711%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=3&LKText=%5B3%5DWANG+Zh+T%2CMENG+J+Sh%2CCHEN+L+L%2Cet+al%2EMicrostructure+andforming+mechanism+of+TiC%2FNi+composite+coating+in+situ+synthesizedby+induction+cladding%5BJ%5D%2ETransactions+of+Materials+and+HeatTreatment%2C2007%2C28%286%29%3A99%2D103%28in+Chinese%29%2E

37 3

TiC-TiB, 309

DU B Sh ZOU Z D WANG X H et al. Investigation on in situ
synthesis of TiB,-TiC/ FeCiSiB composite coatings by laser clad—
ding J . Applied Laser 2007 27(4) :269272( in Chinese) .
WANG Z T ZHOU X H. Microstructure and properties of TiC—
TiB, /Fe composite coating by argon arc cladding J . Rare Metal
Materials And Engineering 2009 38( sl) : 154-458( in Chinese) .
WU Ch F MAM X LIU W J et al. Study on wear resistance of
laser cladding Fe-based composite coatings reinforced by in-situ
multiple carbide particles J . Acta Metallurgica Sinica 2009 45
(8):10134018( in Chinese) .

WANG X H ZHANG M DU B S. Fabrication in situ TiB,-TiC—
Al,O; multiple ceramic particles reinforced Fe-based composite
coatings by gas tungsten arc welding J . Tribology Letters 2011
41(1) :171476.

LIUM K TANGHB FANG Y L et al. Wear resistance of laser

10

11

12

clad TiC/Ti-Ti, Co coating on tiatnium alloy J . Laser Technolo—
gy 2011 35(4) :444-447( in Chinese) .
LEI'Y W SUN R L TANG Y. Growth mechanism of in-situ syn—
thesized TiC and TiB, by laser cladding J . Chinese Journal of
Lasers 2009 36( 5) : 1287-4291( in Chinese) .
WANG Z T ZHOU X H ZHAO G G. Microstructure and forma—
tion mechanism of in-situ TiC-TiB, /Fe composite coating ] .
Transactions of Nonferrous Metals Society of China 2008 18(4) :
831-835.
XUE P F MENG Q S CHEN S P. Tribological property of
( TiC-TiB,) p Ni ceramics prepared by field-activated and pres—
sure-assisted synthesis J . Rare Metals 2011 30( 1) : 599-603.
LE Y K ZHANG J P CHEN D et al. Growth behavior of in-situ
synthesized TiB, particle ] . Special Casting & Nonferrous Al-
loys 2008 28(2) :102-405( in Chinese) .


http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=6&LKText=%5B6%5DWU+Ch+F%2CMA+M+X%2CLIU+W+J%2Cet+al%2EStudy+on+wear+resistance+oflaser+cladding+Fe%2Dbased+composite+coatings+reinforced+by+in%2Dsitumultiple+carbide+particles%5BJ%5D%2EActa+Metallurgica+Sinica%2C2009%2C45%288%29%3A1013%2D1018%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=6&LKText=%5B6%5DWU+Ch+F%2CMA+M+X%2CLIU+W+J%2Cet+al%2EStudy+on+wear+resistance+oflaser+cladding+Fe%2Dbased+composite+coatings+reinforced+by+in%2Dsitumultiple+carbide+particles%5BJ%5D%2EActa+Metallurgica+Sinica%2C2009%2C45%288%29%3A1013%2D1018%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=6&LKText=%5B6%5DWU+Ch+F%2CMA+M+X%2CLIU+W+J%2Cet+al%2EStudy+on+wear+resistance+oflaser+cladding+Fe%2Dbased+composite+coatings+reinforced+by+in%2Dsitumultiple+carbide+particles%5BJ%5D%2EActa+Metallurgica+Sinica%2C2009%2C45%288%29%3A1013%2D1018%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=6&LKText=%5B6%5DWU+Ch+F%2CMA+M+X%2CLIU+W+J%2Cet+al%2EStudy+on+wear+resistance+oflaser+cladding+Fe%2Dbased+composite+coatings+reinforced+by+in%2Dsitumultiple+carbide+particles%5BJ%5D%2EActa+Metallurgica+Sinica%2C2009%2C45%288%29%3A1013%2D1018%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=8&LKText=%5B8%5DLIU+M+K%2CTANG+H+B%2CFANG+Y+L%2Cet+al%2EWear+resistance+of+laserclad+TiC%2FTi%2DTi2Co+coating+on+tiatnium+alloy%5BJ%5D%2ELaser+Technolo%2Dgy%2C2011%2C35%284%29%3A444%2D447%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=8&LKText=%5B8%5DLIU+M+K%2CTANG+H+B%2CFANG+Y+L%2Cet+al%2EWear+resistance+of+laserclad+TiC%2FTi%2DTi2Co+coating+on+tiatnium+alloy%5BJ%5D%2ELaser+Technolo%2Dgy%2C2011%2C35%284%29%3A444%2D447%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=8&LKText=%5B8%5DLIU+M+K%2CTANG+H+B%2CFANG+Y+L%2Cet+al%2EWear+resistance+of+laserclad+TiC%2FTi%2DTi2Co+coating+on+tiatnium+alloy%5BJ%5D%2ELaser+Technolo%2Dgy%2C2011%2C35%284%29%3A444%2D447%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=12&LKText=%5B12%5DLE+Y+K%2CZHANG+J+P%2CCHEN+D%2Cet+al%2EGrowth+behavior+of+in%2Dsitusynthesized+TiB2+particle%5BJ%5D%2ESpecial+Casting%26Nonferrous+Al%2Dloys%2C2008%2C28%282%29%3A102%2D105%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=12&LKText=%5B12%5DLE+Y+K%2CZHANG+J+P%2CCHEN+D%2Cet+al%2EGrowth+behavior+of+in%2Dsitusynthesized+TiB2+particle%5BJ%5D%2ESpecial+Casting%26Nonferrous+Al%2Dloys%2C2008%2C28%282%29%3A102%2D105%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=12&LKText=%5B12%5DLE+Y+K%2CZHANG+J+P%2CCHEN+D%2Cet+al%2EGrowth+behavior+of+in%2Dsitusynthesized+TiB2+particle%5BJ%5D%2ESpecial+Casting%26Nonferrous+Al%2Dloys%2C2008%2C28%282%29%3A102%2D105%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=4&LKText=%5B4%5DDU+B+Sh%2CZOU+Z+D%2CWANG+X+H%2Cet+al%2EInvestigation+on+in+situsynthesis+of+TiB2%2DTiC%2FFeCrSiB+composite+coatings+by+laser+clad%2Dding%5BJ%5D%2EApplied+Laser%2C2007%2C27%284%29%3A269%2D272%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=5&LKText=%5B5%5DWANG+Z+T%2CZHOU+X+H%2EMicrostructure+and+properties+of+TiC%2DTiB2%2FFe+composite+coating+by+argon+arc+cladding%5BJ%5D%2ERare+MetalMaterials+And+Engineering%2C2009%2C38%28s1%29%3A154%2D158%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=6&LKText=%5B6%5DWU+Ch+F%2CMA+M+X%2CLIU+W+J%2Cet+al%2EStudy+on+wear+resistance+oflaser+cladding+Fe%2Dbased+composite+coatings+reinforced+by+in%2Dsitumultiple+carbide+particles%5BJ%5D%2EActa+Metallurgica+Sinica%2C2009%2C45%288%29%3A1013%2D1018%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=7&LKText=%5B7%5DWANG+X+H%2CZHANG+M%2CDU+B+S%2EFabrication+in+situ+TiB2%2DTiC%2DAl2O3+multiple+ceramic+particles+reinforced+Fe%2Dbased+compositecoatings+by+gas+tungsten+arc+welding%5BJ%5D%2ETribology+Letters%2C2011%2C41%281%29%3A171%2D176%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=8&LKText=%5B8%5DLIU+M+K%2CTANG+H+B%2CFANG+Y+L%2Cet+al%2EWear+resistance+of+laserclad+TiC%2FTi%2DTi2Co+coating+on+tiatnium+alloy%5BJ%5D%2ELaser+Technolo%2Dgy%2C2011%2C35%284%29%3A444%2D447%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=9&LKText=%5B9%5DLEI+Y+W%2CSUN+R+L%2CTANG+Y%2EGrowth+mechanism+of+in%2Dsitu+syn%2Dthesized+TiC+and+TiB2+by+laser+cladding%5BJ%5D%2EChinese+Journal+ofLasers%2C2009%2C36%285%29%3A1287%2D1291%28in+Chinese%29%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=10&LKText=%5B10%5DWANG+Z+T%2CZHOU+X+H%2CZHAO+G+G%2EMicrostructure+and+forma%2Dtion+mechanism+of+in%2Dsitu+TiC%2DTiB2%2FFe+composite+coating%5BJ%5D%2ETransactions+of+Nonferrous+Metals+Society+of+China%2C2008%2C18%284%29%3A831%2D835%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=11&LKText=%5B11%5DXUE+P+F%2CMENG+Q+S%2CCHEN+S+P%2ETribological+property+of%28TiC%2DTiB2%29p+Ni+ceramics+prepared+by+field%2Dactivated+and+pres%2Dsure%2Dassisted+synthesis%5BJ%5D%2ERare+Metals%2C2011%2C30%281%29%3A599%2D603%2E
http://link.cnki.net/cnkidoi/Index.aspx?FileName=jgjs201303009&LinkType=RE&Index=12&LKText=%5B12%5DLE+Y+K%2CZHANG+J+P%2CCHEN+D%2Cet+al%2EGrowth+behavior+of+in%2Dsitusynthesized+TiB2+particle%5BJ%5D%2ESpecial+Casting%26Nonferrous+Al%2Dloys%2C2008%2C28%282%29%3A102%2D105%28in+Chinese%29%2E

