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【摘要】
    本論文係利用固態反應法製備一具有良好機械性質之氧化鋯陶瓷，其目的為應用生醫牙科材料領域。首先，本研究提出氧化鋯陶瓷塊主要用於全瓷冠(All Ceramic Crown)；其次，可將此陶瓷塊依機械性質分類適用於牙橋或是陶瓷牙根等等。1975年澳洲學者 R.C. Garvie提出氧化鋯的相韌變化，此項機制突破陶瓷為脆性材料之觀念，發現氧化鋯的機械性質相較於傳統陶瓷優良許多。於1921年，英國學者Griffith提出一項斷裂準則(Fracture Criterion)理論解釋脆型材料的斷裂現象；此準則是利用裂隙擴展(Crack Propagation)的觀念，當裂隙擴展時，若彈性應變能的減少會大於或等於裂隙擴展所需的表面能，將產生劇烈的擴展導致斷裂。因此，本實驗將進行改善氧化鋯陶瓷之機械性質，其中，影響材料斷裂因素可分為內因與外因；內因係指材料的成分、結構與組織，外因係指溫度、應力狀態、加載方式、介質與環境。縱上所述，本實驗設計係利用下列三種不同變因影響其氧化鋯陶瓷之特性研究:

本論文實驗主要分三部份：(a)不同粒徑大小對氧化鋯陶瓷之影響；(b)以不同燒結溫度對氧化鋯陶瓷之影響；(c) 添加不同穩定氧化物對氧化鋯陶瓷之研究。

(a)不同粒徑大小對氧化鋯陶瓷之影響

此項實驗針對粉末起始粒徑大小為變因，其中，粉末的粒徑大小分別為300 nm與50 nm。接著，本實驗燒結溫度為1300℃並持溫兩個小時，爾後，分析其氧化鋯陶瓷之特性研究。

(b)不同燒結溫度對氧化鋯陶瓷之影響

此項實驗針對不同燒結溫度對氧化鋯陶瓷之影響，其中，起始粉末粒徑大小為50 nm，燒結溫度為1100℃至1400℃並持溫兩小時；爾後，進行分析氧化鋯陶瓷之特性研究。

(c)不同摻雜穩定氧化物對氧化鋯陶瓷之研究。

此項實驗為摻雜不同穩定氧化鋯陶瓷之影響，其中，穩定氧化物為氧化鎂、氧化鈣、氧化釔作為摻雜。接著，本實驗燒結溫度為1300℃並持溫兩個小時，最後，進行分析氧化鋯陶瓷之特性研究。

縱上所述，藉由實驗分析結果得知，對於氧化鋯陶瓷之機械性質影響最具顯著為實驗組(a)，其中藉由SEM觀察維氏硬度壓痕結果發現，300nm陶瓷出現裂痕；相對的50nm陶瓷幾乎將衝擊裂紋完全吸收。因此，這個結果足以說明氧化鋯陶瓷粉末粒徑大小強烈的影響了陶瓷的斷裂強度。接著，對於氧化鋯陶瓷之緻密化性質影響最具顯著為實驗組(b)，利用阿基米德原理量測陶瓷密度由5.29至5.7 g/cm3；這結果說明隨著燒結溫度提升，陶瓷緻密化性質提升7%。雖然，燒結溫度1400℃之特性為最佳，但是陶瓷表面呈現略微焦黑，這對於加工特性方面將造成不利。最後，對於氧化鋯陶瓷之相變化影響最具顯著為實驗組(c)，藉由XRD分析結果得知，摻雜氧化鈣穩定造成正方晶相析出量急劇下降，根據R.C. Garvie學者提出，常溫下的正方晶相愈少會造成斷裂韌度愈低。因此，複合式摻雜之陶瓷特性較單一摻雜為佳；而本研究係以氧化釔與氧化鎂之複合式摻雜為最佳參數。
關鍵字：氧化鋯陶瓷、固態反應法、全瓷冠、人工植牙。
【Abstract】

In this thesis, zirconia ceramic was prepared by a solid-state reaction, which has superior mechanical properties. The target was applied to biomedical materials used in dental fields. This study composes of three points, with the first being that zirconia ceramic blocks are mainly used for all-ceramic crown. The second point, according to mechanical properties, is that ceramic blocks can be classified as teeth bridges, ceramic roots, etc. In 1975, R.C. Garvie proposed a mechanism related to zirconia transformation toughening. This mechanism broke the long-held belief that ceramic is brittle and that zirconia is harder than traditional ceramics. In 1921, Griffith proposed a fracture criterion theory to explain how brittle materials fracture, which was also used in the concept of crack propagation. When the crack extended, the elastic strain energy would be greater or equal to the surface energy of crack extend energy. Furthermore, this study will be on how to improve zirconia ceramic of mechanical properties. Fracture properties can be divided into internal factors and external factors, with internal factors composing of materials of composition, structure and organization, and external factors composing of temperature, stress state, loading methods, media and the environment. The experimental then used three different factors to effect and analysis properties of zirconia ceramic. Then, this thesis is divided into three parts: (a) effect of different powder particle size on the properties of zirconia ceramic; (b) effect of sintering temperature on the properties of zirconia ceramic; (c) effect of the addition of stabilizing oxides on the properties of zirconia ceramic.

Part I : (a) effect of different powder particle size on the properties of zirconia ceramic:

In this experiment, the factor was start of powder particle size and the powder particle size is 300 nm and 50 nm. Then, the sintering temperature was 1300℃ at 2 hours. After, study of properties of zirconia ceramic.

Part II : (b) effect of sintering temperature on the properties of zirconia ceramic:

In this experiment, the factor was different sintering temperature. Then, start of powder particle size was 50 nm and the sintering temperature was from 1100℃ to 1400℃ at 2 hours. After, study of properties of zirconia ceramic.

Part III : (c) effect of the addition of stabilizing oxides on the properties of zirconia ceramic:

In this experiment, the factor was the addition of stabilizing oxides such as CaO, MgO, Y2O3 and CeO2. Then, the sintering temperature was 1300℃ at 2 hours. After, study of properties of zirconia ceramic.

Therefore, from the result of experiment, it is know that Part I is the best significant for effect of mechanical property. Then, from the result of Vickers hardness, it is known that ceramic of powder particle of 300 nm has a about 11μm of micro-crack. Relative, ceramic of powder particle of 50 nm was already absorbed the micro-crack. So, this result let us to show that start of the powder particle effect zirconia ceramic of fracture toughness. Then, Part II is the best significant for effect of densification property. According to the Archimedes principle, this experiment calculated the density of ceramics from 5.29 to 5.7 g/cm3. And show to the result of increase the relative density to 7% with increase the sintering temperature. However, the best of parameter is sintering temperature 1400℃, but it has a little black of the surface. So, this problem is not good for process of zirconia ceramic. Finally, Part III is the best significant for effect of transformation toughening. From the result of XRD, it known that CaO material could create decreased precipitation of tetragonal phase. Therefore, R.C. Garvie scholar proposed when the tetragonal phase is less could be created the fracture toughness lower at room temperature. In conclusion, the properties of ceramic of compound doping are well more than ceramic of single doping. In this study, the best of parameter is doped Y2O3 and MgO.
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