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摘要
本人於民國 103 年 07 月 21–25 日出國，參加2014第三屆土木、材料與環境科學亞洲學術研討會(3rd Asian Conference on Civil, Material and Environmental Sciences 2014)，會議日期為103 年 07 月 21–24 日。此行程主要為發表文章及學術交流。發表之文章為製備氧化亞銅與二氧化鈦降解氣相1,2-二氯乙烷之研究Preparation of hybrid catalyst with cuprous oxide and titanium dioxide to photodegrade gaseous 1,2-dichloroethane。主要內容為以溶膠凝膠法製備450oC氧化鉍(Bi2O3)並混合商用氧化亞銅(Cu2O)，製備不同比例(25、50、75 wt%)Bi2O3/Cu2O之混成觸媒(25BC、50BC、75BC)，分析觸媒之晶相結構、能隙等物化特性分析，並分別放置不同波長光源(紫外光模擬太陽光)下，探討批次光催化降解氣相1,2-二氯乙烷(1,2-DCE)之可行性。本研究之Bi2O3/Cu2O複合式觸媒具有良好光催化降解污染物之能力且能有效將污染物轉化成低毒害性物質。該關鍵技術已發表於該研討會，充分與國外學者交換相關學術研討並獲得精進之思想。
該土木、材料與環境科學亞洲學術研討會為亞洲學術之國際會議，今年於日本北海道舉行，其匯集了各專家、學者，透過此研討會平台進行學術、實際應用之交流以及經驗分享。對本人及本人所領導實驗室之研究深度、廣度具有相當之啟發，將有助於未來之學術發展。
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1、 [bookmark: _Toc340845285][bookmark: _Toc396211254]目的
參加2014第三屆土木、材料與環境科學亞洲學術研討會(3rd Asian Conference on Civil, Material and Environmental Sciences 2014)，此行程主要為發表文章及學術交流。發表之文章為製備氧化亞銅與二氧化鈦降解氣相1,2-二氯乙烷之研究Preparation of hybrid catalyst with cuprous oxide and titanium dioxide to photodegrade gaseous 1,2-dichloroethane。主要內容為以溶膠凝膠法製備450oC氧化鉍(Bi2O3)並混合商用氧化亞銅(Cu2O)，製備不同比例(25、50、75 wt%)Bi2O3/Cu2O之混成觸媒(25BC、50BC、75BC)，分析觸媒之晶相結構、能隙等物化特性分析，並分別放置不同波長光源(紫外光模擬太陽光)下，探討批次光催化降解氣相1,2-二氯乙烷(1,2-DCE)之可行性。本研究之Bi2O3/Cu2O複合式觸媒具有良好光催化降解污染物之能力且能有效將污染物轉化成低毒害性物質。

2、 [bookmark: _Toc340845286][bookmark: _Toc396211255]過程
研討會報到時間在7/21-7/22下午5：30，本人抵達報到時間為7/21下午。論文發表的時間安排於7/23下午14：00-15：00，本次發表之文章為編號10，ACCMES-1372。是製備氧化亞銅與二氧化鈦降解氣相1,2-二氯乙烷之研究。
其過程與國際學者探討之重點如下
1. 揮發性有機化合物 (Volatile Organic Compounds, VOCs)長期廣泛應用於石化工業、塑料業、半導體產業等工業製程，具有高滲透、脂溶、揮發性等特性，因此並被認為是致癌、致突變或致畸的有害物質(Guengerich et al, 1980) 。其中，1,2-二氯乙烷(1,2-DCE)為常見之含氯揮發有機物質(Cl-VOCs)之一，在空氣、水和土壤中都可被發現，屬氯代脂族烴(CHAs)，主要作為乙烯製品的生產及工業用溶劑之用途(Liu et al, 2014)。此外，1,2-DCE為害有空氣污染物之重要組成之一，會引發肝、腎功能、呼吸系統、中樞神經系統的危害，產生噁心、嘔吐、中毒、昏迷等症狀，長期暴露甚至導致基因和染色體畸變(Syed et al., 2014)，且因在環境中轉化消減甚慢，殘留期長(Vogel et al., 1987)，此點，與會之國際學者均表贊同也給予更多他國之學術數據加以討論。
2. 發表之文章使用三氧化二鉍(Bismuth trioxide, Bi2O3)為稀土族金屬氧化物之p型半導體材料，能隙為2.8 eV，容易被激發於紫外光及可見光波長下而光催化降解污染物，但導電帶的電子不易被激發，使氧分子之還原反應受侷限，造成超氧陰離子自由基產量減少，而導致光催化效果不佳(Hu et al., 2013)。氧化亞銅(Cuprous oxide, Cu2O)為p型半導體材料之一，能隙約2.17 eV，不具毒性、高穩定性、無二次污染等優點，且具其獨特的光學和電學性質，僅需要較小之光源即可激發電子跳躍，但因電子電洞對再結合率高，而影響光催化效能。為了增加Bi2O3及Cu2O觸媒的光催化活性，有研究指出，兩種不同能隙、電位之半導體材料的結合，因電位上的差異，產生內電子傳遞效應，同時降低能隙及電子電洞對再結合，而增加光源波長的利用性。此外，因粉體光觸媒不利於使用與回收，易造成環境二次污染問題，若將觸媒塗覆於載體上，同時能減少觸媒使用量及增加光催化反應面積。此項研究應用為本篇文章之創新研究技術，發表期間獲得學者之肯定與認同，並且學者們也提供了他們的見解及原理探討以及未來可做研究之方向，收益頗多。亦有學者非常感到興趣，提出了邀約至他校進行學術交流、短期研究之議題。
3. 其中本研究提出之最終產物分析獲得其他學者之認可，及確認本研究之貢獻為本次發表重點。由發表之結果中吸收波長之分析，氧化鉍/氧化亞銅混成觸媒有兩種能隙，有利於同時在紫外光及可見光下激發自由基以降解污染物。於紫外光及模擬太陽光下光催化反應120分鐘時，單一觸媒氧化鉍與75 wt%氧化鉍和25 wt%氧化亞銅之混成觸媒降解氣相1,2-二氯乙烷之效率，可分別由61%、49%提昇至92%、83%。研究結果證實製備之氧化鉍/氧化亞銅混成觸媒，可運用觸媒不同能隙的轉換，延長電子電洞對再結合並提高光催化效率，故本研究製備之氧化鉍/氧化亞銅混成光觸媒未來將有運用自然太陽光進行難分解有機污染物之可行性。

[bookmark: _Toc340845287]總之，該文章於研討會期間有許多專家學者均對其感到興趣進而進行相關問題交流。本次學術研討會匯集了各專家、學者，透過此研討會平台進行學術、實際應用之交流以及經驗分享，共計有上百篇之學術論文於此發表交流，他人之研究成果亦有許多值得學習之處，交流之效果良好。其相關內容詳如五、附錄之附件一。 

3、 [bookmark: _Toc396211256]心得
(1) 數場之學術發表均發現發表人相當之學術深度，許多研究議題都值得再深入研究。
(2) 本次研討會與其他專家學者當面研析相關研究內容，對學術上有實質交流且有顯著幫助。
(3) 此次學術發表及聆聽其他學術發表及交流，激發許多學術思想。特別與日本學者共同進行學術上之探討，奠定未來進一步實質交流之良好契機。
4、 [bookmark: _Toc340845288][bookmark: _Toc396211257]建議事項
(1) 建議未來學校仍能提供多元的補助管道，讓老師以及學生能在學校的幫助下，至國外展現學術成果。
(2) [bookmark: _GoBack]建議未來學校可進一步與日本優秀大學如北海道大學進行相關學術交流， 展開更多創新性的學術成果。
[bookmark: _Toc396211258]
五、附錄
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Abstract
Hybrid catalysts of cuprous oxide and titanium dioxide with different oxygen concentrations (3%, 21%) were prepared and used to catalyze the photodegradation of  gaseous 1,2-dichloroethane (1,2-DCE) by red light and ultraviolet light. The degrees of photodegradation of 1,2-DCE using red and ultraviolet light were 41 and 86%, respectively, and these photodegradation results were better than those obtained using a non-hybrid catalyst. A hybrid catalyst 30 wt% cuprous oxide and the balance titanium oxide inhibited electron-hole pair recombination and enhanced the electronic response in the catalyst surface improving the photocatalytic degradation.
Keyword: cuprous oxide, titanium dioxide, 1,2-dichloroethane, photocatalysis

1. Introduction
Volatile organic compounds (VOCs) have been extensively used long-term in a wide range of industrial processes in, for example, the petrochemical, plastic, polymer, and semiconductor industries. However VOCs are carcinogenic, mutagenic, and can acutely harm the central nervous system. 1,2-Dichloroethane (1,2-DCE) is a common chlorinated volatile organic compound (Cl-VOC), which is mainly used in the manufacture of vinyl chloride, as a solvent in industry, for cleaning textiles and equipment, and in pesticides and pharmaceuticals [1, 2]. Additionally, 1,2-DCE is an important hazardous air pollutant, which decomposes slowly and so remains for a long period in the environment [3]. Long-term exposure to 1,2-DCE under conditions can mutate genes and chromosomes [4].

Cuprous oxide (Cu2O) is a p-type semiconductor with a direct band gap of 1.9–2.2 eV; it has been used in conductor materials [5], solar cells [6], anode materials [7], biosensors [8] and catalysts [9]. Cu2O is weakly toxic, inexpensive, highly stable, readily available, and environmentally acceptable; it also has a high optical absorption coefficient [10, 11]. Cu2O can adsorb oxygen molecules, which can inhibit the recombination of electrons and holes in photocatalysts, and so can improve photocatalytic activity [12]. 

Titanium dioxide (TiO2) is an n-type semiconductor, which is non-toxic, chemically stable, highly photocatalytically active, highly photostable and cheap [13]; it also efficiently degrades toxic chlorinated organic compounds under strong illumination at ambient temperature and pressure, to yield non-toxic CO2 and H2O or HCl following [14, 15]. However, TiO2 has a large band gap of 3.2 eV, and so cannot be easily excited by visible light. To solve this problem, the Cu2O/TiO2 composite catalyst was developed to reduce the rate of recombination of electron-hole pairs, and thereby improve the efficiency of use of solar energy by TiO2 and increase the stability of Cu2O [16]. Moreover, recovering a powdered catalyst is difficult, and this problem can result in secondary pollution. Hence, in this work, hybrid catalysts of Cu2O and TiO2 in different ratios were immobilized and granulated into cylindrical shapes and a batch reactor with various concentrations of oxygen was used to determine their effect on the degradation of gaseous 1,2-dichloroethane degradation under irradiation at various wavelengths between red and ultraviolet.

2. Experimental Method

2.1 Preparation of photocatalyst
Commercial Cu2O and TiO2 were used to prepare a Cu2O/TiO2 hybrid catalyst by the immobile method. First, to 45 g of TiO2 were adding various masses of Cu2O, such that the Cu2O represented 0, 1, and 30 wt% of the catalyst. Second, deionized water was added which uniformly mixed and then the mixing materials was squeezed to form a strip. Third, the hybrid Cu2O/TiO2 catalysts were freeze-dried at –50°C for 12 hr. Finally, each strip was cut into lengths of 1.5–2.5 cm. The catalysts this formed are denoted as TiO2, 1CT, and 30CT, respectively.

2.2 Experimental apparatus and method
The reaction tank that was used in the photocatalytic experiment was made from reinforced glass and had inner and outer layer and it is as the same with the literature [9]. Before the experiment was performed, a pump was used to discharge air from the reactor and gaseous 1,2-DCE was extracted using a gasification device. A bag was connected to a nitrogen source to set the initial concentration of 1,2-DCE from the gasification device. The contaminant was then injected into the reaction vessel. The initial concentration of gaseous 12-DCE in the reactor was 40±10 ppm; the relative humidity and oxygen concentration were monitored and maintained at 45±5% and 21% or 3% using a temperature-humidity detector and oxygen analyzer, respectively. A magnetic stirrer was installed at the bottom of the reactor, and operated at a rotational speed of 800 rpm to ensure the uniformity of the gas. 1,2-DCE was adsorbed by Cu2O/TiO2 30 min before irradiation; it was then degraded under irradiation at a wavelength between red and ultraviolet for 300 min. Finally, the concentration of 1,2-DCE was determined by sampling at intervals and GC-ECD analysis.

3. Results and discussion

3.1 UV-vis spectra analysis of catalyst
Figure 1 presents the diffuse UV-vis reflectance spectra of TiO2, Cu2O and Cu2O/TiO2 hybrid catalysts with different concentrations of Cu2O at wavelengths in the range 200-800 nm. The wavelengths at which the photocatalysts were effective are obtained from the tangent of the curve in the figure, and the energy gaps were determined using formula (1). The absorption wavelengths of TiO2, Cu2O, 30CT and 1CT were 382, 641, 382, and 641 nm. In addition, The energy gaps of TiO2, Cu2O, 30CT and 1CT were 3.24, 1.94, 3.24, 1.94 eV. These results demonstrate that adding Cu2O yielded two absorption wavelengths and band gaps, which increased the utilization of irradiation.

[image: ]
Fig. 1 UV-visible absorbance spectra of different hybrid Cu2O/TiO2 photocatalysts.

,
                                                    (1)
where E is band gap (eV), and h is Planck’s constant (6.626×10-34 J．S) ; 1 eV= 1.602×10-19 J.

3.2 Photodegradation efficiency of catalyst 
Figure 2 presents the photodegradation efficiencies of Cu2O/TiO2 hybrid catalysts in the degradation of gaseous 1,2-DCE under various irradiations and 3% oxygen. Clearly the adsorption efficiency was 10–20% at period of adsorption equilibrium 30 min before irradiation. These results suggest that the degradation of 1,2-DCE by light with was substantially photocatalyzed by Cu2O/TiO2 hybrid catalysts. As shown in Fig. 2 (a), the photodegradation efficiencies achieved using photocatalysts under red irradiation for 300 min followed the order 1CT＞30CT＞TiO2; those under UV irradiation for 300 min followed the order 1CT＞TiO2＞30CT, as shown in Fig. 2 (b). Table 1 presents the calculated reaction rate constants of 1,2-DCE degradation. The reaction rate constant under UV light (0.0059) over the 1CT catalyst clearly exceeds that (0.0013) over red light over the 1CT catalyst. These results demonstrate that the efficiency of photocatalytic degradation by irradiation with UV light exceeded that by irradiation with red light.

Fig. 2 Photodegradation efficiencies of 1,2-DCE with different hybrid Cu2O/TiO2 photocatalysts under 3% oxygen concentration and irradiation by (a) red light, and (b) UV light. (C0= 45±15 ppm, RH= 45±7%, T= 27oC, red light λ= 620-625 nm, I= 36.6 mW/cm2 and UV light λ= 365 nm, I= 8.1 mW/cm2 )

Figure 3 presents the efficiencies of photodegradation of gaseous 1,2-DCE under different irradiations in 21% oxygen using Cu2O/TiO2 hybrid catalysts on. Before the light was turned on, the adsorption rate was 10–20% at adsorption equilibrium at 30 min. As shown in Fig. 3 (a), the order of photodegradation efficiencies was 1CT＞30CT＞TiO2 under red light at 300 min; the order under UV light was 1CT＞TiO2＞30CT, as shown in Fig. 3 (b). Table 1 shows that the reaction rate constant of 1,2-DCE degradation under UV light using commercial was only 0.006, whereas the 1CT had a higher photocatalytic activity, as it yielded reaction rate constants of 0.0075. 
Table 1 Pseudo first order reaction rate estimate with various irradiations at 3% and 21% oxygen concentration.
	Oxygen 
	3%
	21%

	
Light source
	UV light
	Red light
	UV light
	Red light

	Catalyst
	k×10-3
(min-1)
	R2
	k×10-3
(min-1)
	R2
	k×10-3
(min-1)
	R2
	k×10-3
(min-1)
	R2

	TiO2
	4.90
	0.9904
	1.10
	0.8269
	6.00 
	0.9927 
	1.50 
	0.9874 

	30CT
	3.30
	0.9831
	1.00
	0.8331
	4.00 
	0.9832 
	1.80 
	0.8542

	1CT
	5.90
	0.9730
	1.30
	0.9576
	7.50 
	0.9932 
	2.10 
	0.8236 



Fig. 3 Photodegradation efficiencies of 1,2-DCE with different hybrid Cu2O/TiO2   
     photocatalysts under 21% oxygen concentration and irradiation by (a) red light,  
     and (b) UV light. (C0= 41±7 ppm, RH= 50±8%, T= 27oC, red light λ= 620-625 
nm, I= 36.6 mW/cm2 and UV light λ= 365 nm, I= 8.1 mW/cm2)
4. Conclusions
In this study, the hybrid catalysts of Cu2O/TiO2 were prepared to degrade gaseous 1,2-DCE by red light and ultraviolet light with different oxygen concentration (3%, 21%) were investigated. The results are shown as follows:
(1) Adding Cu2O can get two absorption wavelength and band gaps were confirmed, which could efficiently enhance the utilization of irradiation .
(2) In this study, high photocatalytic activity of 1CT hybrid catalyst may attributed to the higher specific surface area, suitable light source (UV light), 21% oxygen concentration and separation rate of electron-hole pairs.
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Preparation of hybrid catalyst with cuprous oxide and

titanium dioxide to photodegrade gaseous 1,2-dichloroethane
Wei-Jhen Huang, Jyun-Siang Syu, Chao-Yin Kuo

Department of Environmental and Safety Engineering, National Yunlin University of Science and Technology, Yunlin, Taiwan
E-mail address: kuocy(@yuntech.edu.tw

Abstract

Hybrid catalysts of cuprous oxide and titanium dioxide with
different oxygen concentrations (3%, 21%) were prepared and
used to catalyze the photodegradation of gaseous 1,2-
dichloroethane (1,2-DCE) by red light and ultraviolet light. The
degrees of photodegradation of 1,2-DCE using red and ultraviolet

light were 41 and 86%, respectively, and these photodegradation
results were better than those obtained using a non- hybrid
catalyst. A hybrid catalyst 30 wt% cuprous oxide and the balance
titanium oxide inhibited electron-hole pair recombination and
enhanced the electronic response in the catalyst surface improving
the hotocatalytic degradation.

Introduction

Energy gap
3.2eV

- OH +1,2-DCE
— Products +CO, + H,0

Experiment

Photodegrade gaseous 1,2-dichloroethane
using a hybrid catalyst with cuprous oxide and titanium dioxide

Prepare the catalyst

Analysis the characteristic Photocatalytic experiments

> Different Oxygen concentrations
3 or21%)
> Different irradiation
(ultraviolet, red light)

¥

Pseudo first order reaction rate estimate

--- preparation of catalysts ---

‘_1.:’---) add DI water

Results and discussion

--- Ul-vis spectra analysis of catalyst ---

0.6

0.4

Absorbance

0.2

(1]

200 300 400 500 600

wavelength(nm)
Energy ga
3.24
1.94
3.24 ~ 191
3.24 ~ 1.94

Absorption band (nm
382
641
382 ~ 648
382 ~ 638

Catalyst
TiO,
Cu,O
30CT

%These results demonstrate that adding Cu,O yielded two albsorption%
iwavelengths and band gaps, which increased the utilization of!
lirradiation. !

--- Photocatalytic experiments ---

redlight 4= 620-625 nm
1=36.6mW/cm*

redlight 4= 620-625 nm
1=36.6 mW/cm*

—a a0cT
~m- 1T
—o 10,

& 3 UVlight A= 365nm
1= 8.1 mW/cm?

25”10,
180 210 240 270 300 o

30 60 S0 120 150 150 210 240 270 300

Time (min)

(Cy= 4127 ppm, RH= 50+8%, T=27°C)

5+7%, T=27°C)

kx10-3

(min)
0.9927 1.50
0.9832 1.80
0.9932  2.10

kx10-3

(min!)
0.8269  6.00
0.8331 4.00
0.9576  7.50

kx10-3

(min)
1.10
1.00
1.30

kx10-3

(min!)
4.90  0.9904
3.30 0.9831

0.9874
0.8542
0.8236

' These results confirm that 1CT was the best hybrid catalyst under
%UV irradiation. Because the light intensity of UV light is higher than%
‘the red light. In addition, the degradation efficiency increases with |
'the concentration of oxygen. The photocatalytic degradation of VOCs |
iin oxygen was catalyzed in two ways. In the first, excited electl'ons%
{are trapped by oxygen, prolonging electron-hole recombination, but
‘also achieved better photocatalytic reaction. The second way is the |
capture of electrons in the conduction band of oxygen form Hydroxyl
I radicals, which accelerates the decomposition react.

Conclusions

»Adding Cu;0 to the catalyst yielded two absorption wavelengths
and band gaps, which favored the utilization of irradiation.

»The high photocatalytic activity of 1CT hybrid catalyst may
attributed to the higher specific surface area, suitable light
source (UV light), 21% oxygen concentration and separation
rate of electron-hole pairs.
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