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The present study deposits Al203 nanoparticles onto GO films using an electrochemical processing method. The scratch resistance,
mechanical properties, and temperature effects of the GO hybrid material are investigated. The addition of Al203 improves the hardness and
strength of GO layers, demonstrating its potential for passivation and interface engineering of graphene-based devices. GO/AI203 can be
applied in a wide range of heating temperatures in the manufacturing of stable negative-temperature-coefficient thermostats.

1.Intorduction

Graphene oxide (GO), a non-conducting material, has
received increasing attention for various applications,
including solar cells, transparent/conducting films,
battery electrodes, and sensors[1]. Graphene fims
have been used to create new composites[2].

Previous researchers have reported that a nanoscale
Al,O; layer deposited via atomic layer deposition
creates a hard and protective conformal coating that
reduces abrasive wear in microsystems[3]. The scratch
resistance and temperature coefficient of Al,O5
nanoparticles deposited onto graphene have not been
thoroughly investigated yet, which was the motivation
for this research.

The present study deposits Al,O, nanoparticles onto
GO films using an electrochemical processing method.
The scratch resistance, mechanical properties, and
temperature effects of the GO hybrid material are
investigated.

2. Experiments
The GO hybrid material was fabricated in two steps,

namely chemical vapor deposition (CVD) growth and
electrophoretic deposition (EPD) as shown in Fig. 1.
For CVD growth of GO films on nickel foils, the
substrate was heated to 1,000 “C inside a quartz tube in
an argon atmosphere. A reaction gas mixture
(CH,4:H,:Ar at 550:65:200 standard cubic centimeters
per minute) was allowed to flow into the furnace. The
substrate was then cooled to room temperature.

Figure. 1. Schematics of EPD process.

The EPD system comprised a cathode (GO films on
nickel foils) and an anode (aluminum, Al) in an
electrolyte (water). In the anodization process,
negatively charged material was deposited onto the
positively charged electrode (anode). A direct-current
voltage of 10 VV was applied for 1 minute to the
electrolyte in contact with the GO films to generate
Al, O, particles. In the anodization process, the cathode
electrode changed from pure Al to a GO/AIL,O; hybrid

material.
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3. Results and discussion

(a) (b]
Figure 2 shows the Raman spectrum of the =i 3
chemically synthesized GO/Al,O; hybrid material. . o
The spectrum of AlL,Og-covered GO is dominated by ¢ « yil =N, b Wi o
the D peak arising from a double resonance. A N N ;:: n
similar phenomenon was observed for Al,O- X ke

covered graphene by Friedemann et al. Only
significant shifts have been induced by Al,O4-
covered graphene. The peak of Al,O, does not
appear in the Raman spectrum. Strong peaks
appear in the D band (sp?, 1336 cm-') and G band 1
(sp?, 1590 cm-'). The peak frequency of the G band  _ N
of single-layer graphene films (1585 cm-') shifts by £
about 5 cm! into higher frequencies after being £
stacked. The D band peak is attributed to the 8
structural imperfection of the A1g mode, andthe G 1 | i
band peak is attributed to the first-order scattering ',’7-,‘_-',‘ e
of the E,; mode. The peak in the 2D band at around % s IR
2720 cm-' can be attributed to the number of layers —
of graphene sheets. The results confirm that a GO

structure was fabricated.

Nanoscratching tests were used to study the
mechanical properties of the surfaces of GO and
GO/Al,O4 films. Figures 3(a) and (b) show AFM
topography images of the nanoscratch grooves
produced on the GO and GO/AI, O, films at loads of
1-5nN, respectively. The scratch grooves appear
smooth. The scratch depth increased with load.
Figures 6(c) and 6 (d) show cross-section profiles of
the GO and GO/Al,Q; films after scratching,
respectively. The nanoscratch depths of the GO and
GO/Al, 05 films were 25-39 nm and 17-27 nm,
respectively. The GO/Al,O; films exhibited better
scratch resistance and thus had lower groove
depths. This is due to hard Al,O, nanoparticles
improving abrasion and wear resistance.

Figures 4(a) and (b) show an interdigital
electrode made from a polyimide (PI) flexible
substrate used to construct a GO film bridge fixed to
electrodes. Figures 4(c) and (d) show |-V curves of
devices prepared from as-prepared GO film and
GO/Al,O; film, respectively. The results show that
the average resistances were 114-178 (2 and 227-
339 () for GO and GO/AI,O,, respectively, at 27 °C
~ 70 °C. The results show that GO/AI,O; has a
higher temperature coefficient than that of GO.
These findings indicate that doping with Al,O, leads
to a negative temperature coefficient (NTC) effect.
The electrical properties of NTC thermostats can be
controlled by changing the Al,O, doping
concentration. The resistivity decreases with
increasing Al, O, content. GO/AI,O, can thus be
applied in a wide range of temperatures in the
manufacturing of stable NTC thermostats.
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Figure 3. AFM images of nanoscratched grooves on
(a) GO and (b) GO/ALO, films. Profile data for 1-5
nN loads for (¢) GO and (d) GO/ALO; films.
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Figure 4 (a) Images of GO and GO/ALQ; films
on an interdigital electrode made of Pl flexible
substrate. (b) SEM image of GO fim. |-V
characteristics of (¢) GO and (d) GO/ALQ;.
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4. Conclusion

This study developed a two-step anodization
process for depositing Al,O, on GO films. The
GO/Al, O, hybrid films allow easy processing and
improve abrasion and wear resistance. The number
of GO films on an Si chip can be adjusted by
controlling the deposition time. Nanoscratching and
contact tests showed that Al,O, nanoparticles
improve the abrasion and wear resistance of GO
films. GO/Al;, 04 films can be applied to microsystem
structures such as NTC thermostats and optical
components for insulation, anti-stiction, wear, and
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1、 目的
1、 計畫目標

方得華教授團隊参加在法國里爾舉辦歐洲材料研究學會2014春季會議國際研討會（EMRS 2014）。並針對新一代的功能材料趨勢方向進行國際學術交流與討論，並籌畫未來之學術研究，並規劃以創新技術為標竿進而培訓國內優秀研究與技術人才。
2、 主題

本屆的會議主題是“功能材料的最新技術發展”（Recent Technological Developments Of Functional Materials）。
3、 緣起

本研究團隊以功能材料技術研究為根基，並以發展創新技術與學術研究為目標。積極參與國際研討會與發表國際期刊，今年將其中一篇論文發表於歐洲材料研究學會2014春季會議國際研討會（EMRS 2014），標題為: Electrical properties of graphene oxide on flexible substrate相關的研究成果。
4、 預期效益與預達成事項

本研究團隊發表一篇標題為: Electrical properties of graphene oxide on flexible substrate，研究功能材料在軟性基板上的電力學的研究。参加本次會議可以增進學校的知名度與增進本校研究生與教授國際學術交流的機會。
2、 過程

5月25日
由桃園直飛抵達法國里爾。5月25日其間抵達位於法國里爾的會議中心完成註冊程序，並理論與工程科技發展討論。5月25日報到於歡迎晚會後開始學術活動。

5月26日
開始在法國里爾會議中心，展開一系列的材料與工程研討會交流。演講者在這其間分別由:

Title：All-solution synthesis of entangled ZnO nanorods for sensing applications
Author：A. Resmini, I. Tredici, U. Anselmi-Tamburini
Title：Ultrathin urchin-like ZnO nanowires 

Author：A. Gokarna, R. Parize, H. Kadiri, K. Nomenyo, G. Patriarche, P. Miska, G. Lerondel
Title：SiO2 nanowire-Au nanoparticles functional composites: physical fabrication and structural characterizations 
Author：F. Ruffino, M. G. Grimaldi
5月27日

Title：Solution processed metal-oxides for organic electronics
Author：T. Riedl
Title：Chemically improved high performance solution processed indium gallium zinc oxide thin-film transistors
Author：M. Benwadih, J. Chroboczel, G. Ghibaudo, R. Coppard, D. Vuillaume
Title：Effect of Si on the electrical performance of Zn-Sn-O solution processed thin film transistors
Author：J. Y. Choi, S. S. Kim, S. Y. Lee
5月28日
Title：From molecular to functional nanostructures for energy health application
Author：S. Mathur, T. Fischer, R. Mueller, R. Fiz, L. Wotmann
Title：Hydrothermal-electrochemical synthesis of metal oxides for energy applications
Author：U. Unal
Title：Oxide ion and hole conductivity in Pr2NiO4 dispersed with Au nano particle
Author：T. Ishihara, J. Hyodo, S. Ida
5月29日
Title：Functional nanostructures and nanofilms based on layered transition metal hydroxides
Author：R. Ma, T. Sasaki
Title：Patterning the orientation of perovskite thin films by epitaxy on nanosheets
Author：M. Nijland, S. Thomas, N. Banerjee, D. H. A. Blank, G. Rijnders, J. Xia, G. Koster, J. E. ten Elshof
Title：Size dependent emission of ZnO nanosheets
Author：T. V. Torchynska, B. E. Filali
5月30日
Title：Large volume continuous synthesis of IZO nanoparticles and processing into semiconducting thin film
Author：S. Oertel, M. P. M. Jank, S. Butterworth, C. Crawshaw, P. N. Gooden 
Title： Development of EBL Perovskite Layer for ZnO nanorod solid state cye-sensitised solar cell
Author：L. Loh, J. Briscoe, S. Dunn
Title：High efficiency inverted polymer solar cells with solution-processed ZnO buffer layer
Author：P. Morvillo, R. Diana, R. Ricciarde, E. Bobeico, C. Minarini
5月31日
由法國里爾直飛抵達桃園。

3、 心得及建議

本屆的會議以「功能材料的最新技術發展」為主題，各國家的學術研究與技術研發團隊提出優秀的研究成果，值得我國學研單位學習與參考。藉由國際學術與各國研究單位間的知識交流可誘導創新研究的發展，並藉由學術交流與會議討論建立國際學術之友誼關係。

這次發現法國與歐洲等地研究生的具有優秀的專業能力與創新技術之巧思，此方面我國的研究生或研究專才對於各領域之專業技能與學術發展應繼續努力與全世界同步，強化專業學識與技能開發，未來亦可結合各領域的研究團隊發展跨領域的科學研究與開創新穎的學術價值，建議學校應該可以多多培訓與鼓勵。

除了建議：建立優良的國際研究合作模式，除了學術研究與技術開發項目以外，亦包括了研究專才的雙方人員互訪、交流與合作。並期待未來可派優秀人才或技術開發專業人員能到國外專研、進修與探訪，未來將國外優秀之開發技術導入國外之新興領域，亦期許與先進國家的創新領域同步邁進。
最後，本次出國参加國際研討會能夠獲得本校補助，在此特別致謝。
附錄
1. 會場相片

圖1蒞臨會議中心留影

圖2 Poster成果留影

2.發表論文:(海報)






参加「European Materials Research Society 2014 Spring Meeting 歐洲材料研究學會2014春季會議國際研討會（EMRS 2014）」在法國里爾舉辦。會議主題為「新一代的趨勢」。本團隊發表一篇標題為: Electrical properties of graphene oxide on flexible substrate相關的研究成果，研究功能材料在軟性基板上的電力學的研究。ERMS 2014研討會的會議主題是“功能材料的最新技術發展”。 


在法國里爾會議中心，展開一系列的材料與工程研討會交流。藉由會議討論中，各國之優秀學者發表論文中的研究巧思、技術研發、功能檢測、學理分析、製程規劃等值得我國學研單位學習與參考。從發表的研究論文主體說明了未來科技導向，而跨領域結合與材料科學應用是目前科學發展之重點。


我國研究專才仍需繼續努力突破科學瓶頸，並培訓新生代優秀人才，對於各領域之專業技能與學術發展應繼續努力與全世界同步，強化專業學識與技能開發，未來亦可結合各領域的研究團隊發展跨領域的科學研究與開創新穎的學術價值，建議學校應該可以多多培訓與鼓勵。参加本次會議可以增進學校的知名度與增進本校研究生與教授國際學術交流的機會。
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