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	摘要(中)	本研究藉由含微量鈧、鋯之Al-4.5Mg-0.8Mn合金探討以下主題： (1)經電子束焊接(electron beam welding，EBW)後，微量鈧、鋯對Al-4.5Mg-0.8Mn-H116合金板材微結構、機械及腐蝕性質之影響；(2)藉由高溫熱處理模擬實驗，探討含微量鈧、鋯之Al-4.5Mg-0.8Mn-H116合金焊接時熱影響區之特性變化。


Al-4.5Mg-0.8Mn合金微量添加鈧、鋯元素，可使鑄態合金之晶粒細化，提升鑄態合金硬度，並抑制再結晶現象，經高溫退火後仍保有原熱加工組織，使合金機械強度提升，主要強化機制為Al3Sc、Al3Zr及Al3(ScxZr1-x)晶出相所造成的細晶強化、散佈強化，以及抑制再結晶的次結構強化。


高溫熱影響區模擬試驗中發現，Al-4.5Mg-0.8Mn-H116合金在600℃熱處理後其腐蝕重量損失率皆大幅上升，有嚴重的沿晶腐蝕現象，主要是因高溫時合金部分溶解，導致大量β相(Mg2Al3)晶出於晶界，造成嚴重的沿晶腐蝕破壞；而添加鈧、鋯元素的晶粒細化效果，反讓β相有更多析出位置，提供連續的腐蝕傳播路徑，使腐蝕面積增加，裂縫更能深入材料內部，導致合金抗蝕能力衰退。



	摘要(英)	This present study investigates the Al-4.5Mg-0.8Mn alloys containing minor scandium, zirconium and discusses the following topics :(1)Effect of Sc, Zr additions on the properties of Al-4.5Mg-0.8Mn alloys after electron beam welding (EBW). (2)Investigating the characteristics of Al-4.5Mn-0.8Mn alloys in welding process by simulated heat affected zone (HAZ).


Additions of minor Sc, Zr to Al-4.5Mg-0.8Mn alloys not only refine the cast ingots, but also improve hardness. The precipitations can prevent recrystallization even at high temperature and remain fibrous microstructure via hot working. Strengthening increment by adding Sc and Zr is mainly attributed to fine-grain strengthening, dispersive precipitate strengthening and substructure strengthening resulted from recrystallization restricted.


Al-4.5Mg-0.8Mn-H116 alloys have considerably mass loss after heat treatment at 600℃ because alloys have been dissolved partially and β-phase (Mg2Al3) precipitated abundantly at grain boundary, dense precipitation of β-phase in Al-4.5Mg-0.8Mn alloys containing Sc and Zr since the small grains have more boundaries which provide the β-phase nucleation locations and corrosion propagation path, the corrosion crack penetrate into the material further and result in the corrosion resistance of alloys decline significantly.



	關鍵字(中)	
      	  ★ 熱影響區
★ 焊接
★ 鋁鎂合金
★ 鋯
★ 沿晶腐蝕
★ 鈧	關鍵字(英)	
      	  ★ intergranular corrosion
★ scandium
★ heat affected zone
★ welding
★ Al-Mg alloys
★ zirconium
	論文目次	總目錄


摘要.......................................................i


Abstract.................................................	ii


謝誌.....................................................iii


總目錄...................................................	iv


表目錄...................................................vii


圖目錄..................................................viii


第一章 前言與文獻回顧.....................................1


1.1 研究背景..............................................1


1.2 鋁鎂合金簡介..........................................2


1.3 添加金屬元素對鋁合金之影響............................3


1.3.1 鎂對鋁合金的影響....................................3


1.3.2 錳對鋁合金的影響....................................3


1.3.3 鋯對鋁合金的影響....................................5


1.3.4 鈧對鋁合金的影響....................................6


1.3.5 其他元素對鋁合金的影響..............................7


1.4 鋁鎂合金之腐蝕........................................13


1.4.1 鋁鎂合金沿晶腐蝕簡介................................13


1.5 影響鋁鎂合金腐蝕破壞之因素............................13


1.5.1 加工量對腐蝕特性之影響..............................14


1.5.2 熱處理製程對腐蝕特性之影響..........................14


1.5.3 介金屬化合物對腐蝕特性之影響........................15


1.6 鋁合金焊接............................................16


1.6.1 惰性氣體電弧焊接....................................16


1.6.2 電子束焊接..........................................17


1.7 研究動機與規劃........................................19


第二章 實驗方法與步驟.....................................20


2.1 合金熔配及成份分析....................................20


2.2 微結構分析............................................21


2.2.1 金相觀察............................................21


2.2.2 掃描式電子顯微鏡觀察................................22


2.2.3 導電度量測.........................................	22


第三章 結果與討論(一)


電子束焊接對含鈧、鋯之Al-4.5Mg-0.8Mn合金性質之影響.......	23


3.1 實驗方法與步驟.......................................	23


3.1.1 均質化處理及熱加工.................................	23


3.1.2 H116製程...........................................	24


3.1.3 電子束焊接.........................................	24


3.1.4 微結構分析.........................................	25


3.1.5 機械性質分析.......................................	26


3.1.6 腐蝕性質分析.......................................	27


3.2 結果與討論...........................................	29


3.2.1 微結構分析.........................................	29


3.2.2 導電度量測.........................................	50


3.2.3 硬度試驗...........................................	53


3.2.4 微硬度試驗.........................................	58


3.2.5 拉伸試驗...........................................	60


3.2.6 ASTM G67重量損失試驗...............................	63


3.3 結論................................................. 70


第四章 結果與討論(二)


鈧、鋯與高溫熱處理對Al-4.5Mg-0.8Mn合金性質之影響.........	71


4.1 實驗方法與步驟.......................................	71


4.1.1 模擬熱影響區.......................................	71


4.1.2 微結構分析.........................................	71


4.1.3 機械與腐蝕性質量測.................................	72


4.2 結果與討論...........................................	73


4.2.1 高溫熱處理之微結構觀察.............................	73


4.2.2 導電度量測.........................................	87


4.2.3 硬度試驗...........................................	91


4.2.4 ASTM G67重量損失試驗...............................	94


4.3 結論.................................................105


未來研究方向.............................................106


參考文獻.................................................107



	參考文獻	[AHM] Z. Ahmad, A. A. B. Jabbar, K. Abdullahi, M. Abbas,” Effect of scandium doping on the corrosion resistance and mechanical behavior of Al-3Mg alloy in neutral chloride solutions,” Materials Sciences and Applications, Vol.2, pp.244-250.(2011)


[AIU] T. Aiura, N. Sugawara, Y. Miura,” The effect of scandium on the as-homogenized microstructure of 5083 alloy for extrusion,” Materials Science and Engineering A, Vol.280, pp.139-145.(2000)


[ASTM1] “ASTM E112-10,” Standard Test Methods for Determining Average Grain Size.(2012)


[ASTM2] “ASTM B928M-09,” Standard Specification for High Magnesium Aluminum-Alloy Sheet and Plate for Marine Service and Similar Environments.(2012)


[ASTM3] “ASTM B557M-10,” Standard Test Methods for Tension Testing Wrought and Cast Aluminum- and Magnesium-Alloy Products (Metric).(2012)


[ASTM4] “ASTM G67”Standard Test Method for Determining the Susceptibility to Intergranular Corrosion of 5XXX Series Aluminum Alloys by Mass Loss After Exposureto Nitric Acid (NAMLT Test).(2012)


[BOV] F.S. Bovard,“Corrosion in marine and saltwater environments II, in D. A. Shifler, T. Tsuru, P.M. Natishan, S. Ito (Eds.),” Electrochemical Society Proceedings, Vol. 2004-14, pp. 232-243.(2005)


[CAB] M. Cabibbo, E. Evangelista, and S. Spigarelli,” Microstructural characterization of secondary-phase particles in a hot-deformed Al-Cu-Mg-Zr alloy,” Metallurgical and Materials Transactions A, Vol. 35, pp.293-300.(2004)


[CAR] M. C. Carroll, P. I. Gouma, M.J. Mills,G. S. Daehn and B.R. Dunbar,” Effects of Zn additions on the grain boundary precipitation and corrosion of Al-5083,” Scripta mater, Vol.42, pp.335-340.(2000)


[CAV] M. K. Cavanaugh,a N. Birbilis, R. G. Buchheita, and F. Bovard,” Investigating localized corrosion susceptibility arising from Sc containing intermetallic Al3Sc in high strength Al-alloys,”Scripta Materialia, Vol.56, pp.995-998.(2007)


[DAV1] J. R. Davis and Associates, ASM Specialty Handbook: Aluminum and Aluminum Alloys, ASM International Materials Park, Ohio, p.590.(1994)


[DAV2] J. R. Davis and Associates, ASM Specialty Handbook: Aluminum and Aluminum Alloys, ASM International Materials Park, Ohio, p.31.(1994)


[DAV3] V. G. Davydov, T. D. Rostova, V. V. Zakharov, Yu. A. Filatov, V. I. Yelagin,” Scientific principles of making an alloying addition of scandium to aluminium alloys,” Materials Science and Engineering A, Vol.280, pp.30-36.(2000)


[FIL] Yu. A. Filatov , V.I. Yelagin, V. V. Zakharov,” New Al-Mg-Sc alloys,” Materials Science and Engineering A, Vol.280, pp.97-101.(2000)


[GAO] J. Gao and D. J. Quesnel, “Enhancement of the stress corrosion sensitivity of AA5083 by heat treatment,” Metallurgical and Materials Transactions A, Vol.42, pp.356-364.(2010)


[GAT] K. M. Gatenby, et al., in: T.H. Sanders Jr., E.A. Starke Jr. (Eds.), Aluminum Alloys-Their Physical and Mechanical Properties, Vol. I, Atlanta, USA, p.378.(1994)


[HAT] J. E. Hatch, Aluminum: Properties and Physical Metallurgy, ASM, Metals Park, OH, pp.356-357.(1984)


[JON] D. A. Jones, Principles and Prevention of Corrosion 2nd ed., Prentice Hall International, Inc. pp.235-244. (1997)


[KAI] M. S. Kaiser, S. Datta, A. Roychowdhury, M. K. Banerjee,” Effect of scandium on the microstructure and ageing behavior of cast Al-6Mg alloy,” Materials Characterization, Vol.59, pp.1661-1666.(2008)


[KAT] S. Katsas, J. Nikolaou, G. Papadimitriou,” Corrosion resistance of repair welded naval aluminium alloys,” Materials and Design, Vol.  28, pp.831-836. (2007)


[LAM] L. K. Lamikov and G.V. Samsonov,”Soviet Non-Ferrous Metals Res,”(USSR), Vol.9, pp.79-82.(1964)


[LAT] S. Lathabai , P.G. Lloyd,” The effect of scandium on the microstructure, mechanical properties and weldability of a cast Al-Mg alloy,” Acta Materialia, Vol.50, pp.4275-4292.(2002)


[LEE1] S. L. Lee, S.T. Wu,” Influence of soaking treatment on hot ductility of Al-4.85 pct Mg alloys containing Mn,”Metallurgical Transactions A, Vol.17A, pp.833-841.(1986)


[LEE2] S. L. Lee, S.T. Wu,” Identification of dispersoids in Al-Mg alloys containing Mn,” Metallurgical Transactions A, Vol.18A, pp.1353-1357.(1987)


[LEE3] S. W. Lee, J. W. Yeh,” Superplasticity of 5083 alloys with Zr and Mn additions produced by reciprocating extrusion,” Materials Science and Engineering A, Vol.460-461, pp.409-419.(2007)


[LEE4] S. Lee, A. Utsunomiya, H. Akamatsu, K. Neishi, M. Furukawa, Z. Horita, T.G. Langdon,” Influence of scandium and zirconium on grain stability and superplastic ductilities in ultrafine-grained Al-Mg alloys,” Acta Materialia, Vol.50, pp. 553-564.(2002)


[LIU] Z. Liu, Z. Li, M. Wang, Y. Weng,”Effect of complex alloying of Sc, Zr and Ti on the microstructure and mechanical properties of Al-5Mg alloys,” Materials Science and Engineering A, Vol.483-484, pp.120-122.(2008)


[MAE] D. Y. Maeng, J. H. Lee, S. I. Hong,” The effect of transition elements on the superplastic behavior of Al-Mg alloys,” Materials Science and Engineering A, Vol.357, pp.188-195.(2003)


[MAR] E. A. Marquis and D. N. Seidman,” Nanoscale structural evolution of Al3Sc precipitates in Al(Sc) alloys,” Acta Materialia, Vol.49, pp.1909-1919.(2001)


[MAS] T. B. Massalski, Binary Alloy Phase Diagram, ASM International, OH,(1990)


[MUN] M. A. Muñoz-Morris, C. G. Oca, G. Gonzalez-Doncel, D. G. Morris,” Microstructural evolution of dilute Al-Mg alloys during processing by equal channel angular pressing and during subsequent annealing,” Materials Science and Engineering A, Vol. 375-377, pp. 853-856.(2004)


[NAK] Y. Nakayama, T. Takaai, D. Jin,” Precipitation behaviors of β-phase and changes in mechanical properties of Al-Mg system alloys,” Materials Science Forum, Vol.217-222, pp.1269-1274.(1996)


[NEU] V. Neubert, B. Smola, I. Stul´ıkov´a, A. Bakkar, J. Reuter,” Microstructure, mechanical properties and corrosion behaviour of dilute Al-Sc-Zr alloy prepared by powder metallurgy,” Materials Science and Engineering A, Vol.464, pp.358-364.(2007)


[NIK] I. Nikulin, A. Kipelova, S. Malopheyev, R. Kaibyshev,” Effect of second phase particles on grain refinement during equal-channel angular pressing of an Al-Mg-Mn alloy,” Acta Materialia, Vol.60, pp.487-497.(2012)


[NOR1] A. F. Norman, P. B. Prangnell and R. S. Mcewen,” The solidification behaviour of dilute aluminium-scandium alloys,” Acta Materialia, Vol. 46, pp.5715-5732.(1998)


[NOR2] A.F. Norman, K. Hyde, F. Costello, S. Thompson, S. Birley, P.B. Prangnell,” Examination of the effect of Sc on 2000 and 7000 series aluminium alloy castings: for improvements in fusion welding,” Materials Science and Engineering A, Vol.354, pp. 188-198.(2003)


[OCE] V. Ocenasek, M. Slamova,” Resistance to recrystallization due to Sc and Zr addition to Al-Mg alloys,” Materials Characterization, Vol.47, pp.157-162.(2001)


[PAR] J. K. Park, A. J. Ardell,”Microstructures of the commercial 7075 Al alloys in the T651 and T7 tempers,”Metallurgical Transaction A, Vol.14A, pp.1957-1965.(1983)


[PET] Peter Petrov, Chavdar Georgieva and Georgy Petrov,” Experimental investigation of weld pool formation in electron beam welding,”Vacuum, Vol.51, pp.339-343.(1998)


[POP1] M. Popovic, Endre Romhanji, “Stress corrosion cracking susceptibility of Al-Mg alloy sheet with high Mg content,” Journal of Materials Processing Technology, Vol.125-126, pp.275-280.(2002)


[POP2] M. Popović, E. Romhanji,” Characterization of microstructural changes in an Al-6.8 wt.% Mg alloy by electrical resistivity measurements,” Materials Science and Engineering A, Vol.492, pp.460-467.(2008)


[RAD] Tamara Radetić, Miljana Popović, Endre Romhanji,” Microstructure evolution of a modified AA5083 aluminum alloy during a multistage homogenization treatment,” Materials characterization, Vol.65, pp.16-27.(2012)


[REE] Robert E. Reed-Hill, Reza Abbaschian,”Physical metallurgy principles third ed.,”CENGAGE Learning, p.455.(1994)


[RID] Y. W. Riddle and T. H. Sanders, Jr.,” A study of coarsening, recrystallization, and morphology of microstructure in Al-Sc-(Zr)-(Mg) alloys,” Metallurgical and Materials Transactions A, Vol.35A, pp.341-350.(2004)


[SAU] X. Sauvage , A. D´ed´e , A. Cabello Mu˜noz , B. Huneau,” Precipitate stability and recrystallisation in the weld nuggets of friction stir welded Al-Mg-Si and Al-Mg-Sc alloys,” Materials Science and Engineering A, Vol. 491, pp.364-371.(2008)


[SEA] J. L. Searles, P. I. Gouma, R. G. Buchheit,“Stress corrosion cracking of sensitized AA5083(Al-4.5Mg-1.0Mn),”Metallurgical and Materials Transactions A, Vol.32, pp.2859-2867.(2001)


[SMO] B. Smola,,I. Stul´ıkova´ ,V. Oˇcen´aˇsek, J. Pelcova ´, V. Neubert,” Annealing effects in Al-Sc alloys,” Materials Science and Engineering A, Vol.462, pp.370-374.(2007)


[TAN] L. Tan, T. R. Allen,” Effect of thermomechanical treatment on the corrosion of AA5083,”Corrosion Science, Vol.52, pp.548-554.(2010)


[VAS] A. K. Vasudevan and R. D. Doherty,” Aluminum alloy-contemporary research and application,”p.87.(1989)


[VEN] K. Venkateswarlu, L. C. Pathak, A. K. Ray, Goutam Das, P. K. Verma,M. Kumar and R. N. Ghosh, “Microstructure, tensile strength and wear behaviour of Al-Sc alloy”, Material Science and Engineering A, Vol.383, pp.374-380.(2004)


[VER] R. Vermaa,A. K. Ghosh,S. Kimb,C. Kimb,”Grain refinement and superplasticity in 5083 Al,” Materials Science and Engineering A, Vol.191, pp.143-150.(1995)


[VET] J. S. Vetrano,S. M. Bruemmer,L. M. Pawlowski,I. M. Robertson,” Influence of the particle size on recrystallization and grain growth in Al-Mg-X alloys,” Materials Science and Engineering A, Vol.238, pp.101-107.(1997)


[YIN] Z. Yin , Q. Pan, Y. Zhang, F. Jiang,” Effect of minor Sc and Zr on the microstructure and mechanical properties of Al-Mg based alloys,” Materials Science and Engineering A, Vol.280, pp.151-155.(2000)


[ZHA] J. Zhao, F. Jiang , H. Jian, K. Wen, L. Jiang, X. Chen,” Comparative investigation of tungsten inert gas and friction stir welding characteristics of Al-Mg-Sc alloy plates,” Materials and Design, Vol.31, pp.306-311.(2010)



	指導教授	
      	  李勝隆(Sheng-long Lee)
      	 	審核日期	2012-8-27
	推文	
      	  [image: ]facebook   [image: ]plurk   [image: ]twitter   [image: ]funp   [image: ]google   [image: ]live   [image: ]udn   [image: ]HD   [image: ]myshare   [image: ]reddit   [image: ]netvibes   [image: ]friend   [image: ]youpush   [image: ]delicious   [image: ]baidu   
      	 
	網路書籤	
      	  [image: ]Google bookmarks   [image: ]del.icio.us   [image: ]hemidemi   [image: ]myshare   
      	 


  

  











若有論文相關問題，請聯絡國立中央大學圖書館推廣服務組 TEL:(03)422-7151轉57407，或E-mail聯絡
	       - 隱私權政策聲明



	
