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Abstract    In this investigation a nanostructure titania membrane on an alumina support was prepared. The support 
was made via a single axis press. The titania colloidal sol was then prepared. To have a crack-free titania membrane, 
PVA and HPC additives were included in the sol in specific amounts. The support was dipped in the sol and the layer 
was dried and calcined in a proper manner. The average particle size of the titania sol was measured to be 55.6 nm. X-

ray diffraction technique was utilized to determine the titania phase transformation temperature. The burn out 
temperature of the volatile materials and the organic additives were determined via the TGA technique. Utilizing the 
XRD and TGA techniques the optimum calcinations temperature was determined to be 450˚C. Microstructure and the 
presence of any possible crack or defect were examined using Scanning Electron Microscopy. The final product was a 
crack-free titania membrane with no defect. Therefore, it can be concluded that the membrane preparation procedure is 
optimum. 
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Ŷƃ� ��ƾƫƺƯ� ŢŞƀƳ� Śŝ� ƦƿźŤǀƳ� Ŷǀſř� Ǝſƺţ� ƪſ� Ʊō� Żř� žě
ê�åH+/Ti=ƶŤŴƫ��� ƾƿřŵŻƃ� ƹ� ŶįřźŝƶŤŴƫ� ŶƴƿōźƟ� ƪǀưƨţ���ƾƿřŵŻ
ìêƽŚƯŵ�Źŵ�ƶƤǀƣŵ��˚Céê�Śţ�˚Cêåƶŝ�ƲǀůŹŵ��ƮƷ��šŹřźů�ƱŵŹƺų

� ƵŵřŵŶƃ� �žě�ƶŝ� ƪſ� ƱŵřŵŹřźƣ� Żř�� šŶƯç�ƭŚưů� Źŵ� ŢƗŚſ�
İƳŵƹżƟř��ƦǀƳƺſřźŤƫƹř�İƀĩƹŹŶǀƷ�įŚƷ��ƪǀěƹźě��ƪǀƴƿƹ�İƬě�ƹ�żƫƺƬſ�

ƪĪƫř��ƶŝ�ŢƔƬƛ�Śŝ�Ŝǀţźţ�įŚƷgr/100cm3èê�å�ƹ�gr/100cm3æ�å��
ƶŝ�ŢŞƀƳ� Śŝ�Ŝǀţźţ�Ĩƿ�įŚƷ�ƹŵ� ƹ� ƭƺſ��Ʊō� ƶŝ� �ƪſ� ƮŬů� ƭƺſ

ƵŵƹżƟřŶƃ���ƶŝ�ƪſ�żǀƳ�ŢƿŚƸƳŹŵ��šŶƯçé�ƎǀŰƯ�ƽŚƯŵ�Źŵ�ŢƗŚſ�

Ŷƃ�įŻŚſźǀě��
��������žě�ǀƸţ� ŻřŠƂƃƺě�šŚǀƬưƗ� �ŜſŚƴƯ�ƪſ��ƶŝ� ƾƷŵ��ƁƹŹ
ƶƏƺƛ�ƶƿŚěźƿŻ�ƽƹŹźŝ�ƽŹƹ�Ŷƃ�ƭŚŬƳř�ŚƷ� ��Ĩƿ�ŚƸƴţ�ŹƺƔƴƯ�Ʋƿř�ƶŝ

žě� ƹ� Ŷƃ� Ƶŵřŵ� ŽŚưţ� ƪſ� Śŝ� ƶƿŚěźƿŻ� ƝźƏ��ƱŚƯŻ� ƾƏ� Żř
�ũŹŚų�ƪſ�Żř�ƶƳƺưƳ��źƔƳŵŹƺƯƃŶ��žě�Ƃƃƺě�Żř�ƶŝ�ƶƿǇ��ƾƷŵ�ƵřźưƷ�

ƶŝ�ƶƿŚěźƿŻ��šŶƯçé�įŻŚſźǀě�ƎǀŰƯ�ƽŚƯŵ�Źŵ�ŢƗŚſ�ƃŶ���ŶƴƿōźƟ
ĨƄų�ƶŝ�ƶƿǇ�Ʊŵźĩ��šŶƯæ�ƽŚƯŵ�Źŵ�ŢƗŚſ�˚Cèå�ƹ�è�ŢƗŚſ�

�ƽŚƯŵ�Źŵ˚CéåƶƿǇ�žĜſ�ƹ�Ŷƃ�ƭŚŬƳř���űźƳ� Śŝ� ŚƷ˚C/hræå�Źŵ�
ƽŚƯŵ�˚Céêåƶŝ��šŶƯ�æŶƳŶƃ�źŤƴƿŻ�ŢƗŚſ�� ��Ţſř�źĩŷ�ƶŝ�ƭŻǇ

ƵŹƺĩ�Żř�ŶƴƿōźƟ�Ʋƿř�Źŵ�ƶĩ�Źŷō�æêåå�ƵŵŚƠŤſř�Ŷƃ�ƪĪǀſ�ƪĩ�ƹ�
��ƂƿŚƯźĭéë�ƩƺƏ�ŢƗŚſ�ǀƄĩŶ���

�
ç�ç��ƅřƺų�ƲǀǀƘţ���
�
ç�ç�æ�ƿŚěźƿŻ�ƅřƺų�ƲǀǀƘţ�ŠŚƴǀƯƺƫō���
�

��������ƵŻřŶƳř�ƶƿŚěźƿŻ� ƪŴƬŴţ� ƽźǀĭ��ƽŚƷŚƯŵ� Źŵ� ƵŶƃźŤƴƿŻ� ƽŚƷ
ƶŝ�ƞƬŤŴƯ�� ŵŹřŶƳŚŤſř�ƢŞƏ�ƹ�ŽŶǀưƃŹř�ƁƹŹASTM 373-88�

ŢƟźĭ� ƭŚŬƳř� �ƶƿŚěźƿŻ� ƾƄưų� ƭŚĪŰŤſř�ǀƳ� ŚƷ� żŚŝ�ƵŚĮŤſŵ�
SANTAM STM-400�Ŷƃ�ƭŚŬƳř��ƵŻřŶƳř�ƽřźŝ���ƾĪǀƳŚĪƯ�ƭŚĪŰŤſř�ƽźǀĭ

ƶƳƺưƳ�ŜƘĪƯ�ƽŚƷ�ƾŞƿźƤţ�ŵŚƘŝř�Śŝ�ƾƬǀƐŤƀƯ�mmê�mmæé�mmêì�ƶǀƸţ�
Ŷƃƶŝ�ƂƿŚƯŻō�ƹ��ƶſ�ƁƹŹ�ƶƐƤƳ�Ŷƃ�ƭŚŬƳř�ƽř��ƶŝ�ƭŻǇ�źĩŷ��Ţſř

ƶƿŚěźƿŻ�ƾƄưų�ƭŚĪŰŤſř�ƹ�ƶŤǀƀƳřŵ�ƲǀǀƘţ�Źŵ�ƶĩ��ƂƿŚƯŻō�źƷ�ŚƷ
ƭŚŬƳř�ŹŚŝ�ƶſ�Ŷƃƶŝ�ƲǀĮƳŚǀƯ�źƿŵŚƤƯ�ƹ��ŶƳŶƃ�ƶŗřŹř�ƶŬǀŤƳ�ƱřƺƴƗ���

�
ç�ç�ç�ƿǇ�ƅřƺų�ƲǀǀƘţ�ŠŚǀƳŚŤǀţ�ƽŶǀŗƺƬĩ���

�

        ŻřŶƳřşƪſ� šřŹŷ��� ƽŶǀŗƺƬĩŚŝ��Źżǀƫ� ƺţźě� ơźƠţ� ĨǀƴĪţ
(ZetaSizer, Malvern UK, 3000HSA)�ƲǀǀƘţ�Ŷƃ� ��ŹŚŤƟŹ

� ŚǀƳŚŤǀţ�ƾţŹřźůŚŝƾţŹřźů�ƲƿŻƺţ�żǀƫŚƳō�é(Shimadzu-449C)�ƾſŹźŝ�
Ŷƃ��� ƽŻŚƟ� żǀƫŚƳō� ŚǀƳŚŤǀţ� Śŝ(Jeol8000diffractometer) XRD�

�ƹ�ŢƟźĭ�ƭŚŬƳřžĜſ�ŽŚſřźŝ�ŠƐŝřŹŹźƃ�ƽŚŝŵ���ŠƐŝřŹ�æ�ŻřŶƳř�ş�
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ƶŞſŚŰƯ� ŚǀƳŚŤǀţ� ŢǀƫŚŤƀƿźĩ�Ŷƃ��ƾſŹźŝ� ƽřźŝ�ƽŚƷ�Ư�ƽĥƺƫƺƟŹƺ
ƶƿǇ� ƖƐƤƯ� ŮƐſ� ƹ� ŮƐſ�ęƺĪſƹźĪǀƯ� Żř� ƵŶƃŵŚŬƿř� įŚƷ�

� ƾƄŝƹŹ� ƾƳƹźŤĪƫř(PhillipsXL30)ϭ��(Cambridge S-360)�
�ƵŵŚƠŤſřŶƃ��
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B        ƲƸě�ƱřżǀƯ� ƶƐŝřŹ�ƲƿřŹŵ���šŶƃ�ƞƈƳ� Źŵ�Ĩǀě�ƱŶƃ
ƾƃŚƳ�ƮưƿżĩŚƯ��ŢǀƫŚŤƀƿźĩ�ƵŻřŶƳř�źŧř�Żř�ƱŚƿŵřŹ�Ŝƀůźŝ���t�źƐƣ�
��ŢǀƫŚŤƀƿźĩȜ�ƽƺţźě�ũƺƯ�ƩƺƏ�Xƶŝ���ƹ�ƶŤƟŹ�ŹŚĩșě�ŠƿƹřŻ��Ɓřź

Ţſř��
�
�

è��ƶŬǀŤƳ�ƽźǀĭ��
�
è�æ�ƿŚěźƿŻ�ŠŚƴǀƯƺƫō����
�

        įřźŝƿŚěźƿŻ�ŢųŚſ�Š� Źŵƺě� Żř� ŚƴǀƯƺƫō�KMS-92�ƵŵŚƠŤſř�
Ŷƃ�ƶŝ�Źŵƺě�Ʋƿř� řźƿŻ��Žźě�ƽřźŝ�ƵŵŚƯō�ƹ�ƶƫƺƳřźĭ�šŹƺƇ��ŵƺŝ��
ƶŝ�ƾƳŵƹżƟř� ŵƺūƹ� ƪǀƫŵ��ƽŚƯŵ�ƂƷŚĩ� ƹ� Źŵƺě� Źŵ�ŜſŚƴƯ� ƽŚƷ

�ƶƿŚěźƿŻ�ĬƴƿźŤƴƿŻŚŝƾƳŵƹżƟř�Ʋƿř���ŚƷ�ƶŝ�ĩ�ƱŚĪƯř�Źŵƺě�Ʋƿř�ƽźǀĭŹŚ
ƲǀƿŚě�ĬƴƿźŤƴƿŻ�ƽŚƷŚƯŵ�Źŵ�ƶƿŚěźƿŻ�ŢųŚſ��ŢųŚſ�ƲǀƴĤưƷ�ƹ�źţ

ƿŚěźƿŻŠƪŴƬŴŤƯ�řŹ�� ƮƷřźƟ�źĩŵ� ��Ĩƿ� ƶĩ� Ţſř� źĩŷ� ƶŝ� ƭŻǇ
ƿŚěźƿŻŠƵƹǈƗ�ƾŤƀƿŚŝ�śƺƬƐƯ���źŝŐţ�Śƿ�ƶƿǇ�ƾĪǀƳŚĪƯ�ƽŹřŶƿŚě�ƲǀƯ
ƶƿǇ�ƵŶƳŚƄƳ�ƽŚƷ�ŷƺƠƳ�źŨĩřŶů��Ʊō�ƽƹŹźŝ�ƵŶƃ�ŚƄƛ�ƽřźŝ�ƽźƿŸě

ŻŚſ� ƮƷřźƟ� řŹ� ŵ@ê>� �ƶŝ� Śŝ� ŵŹřƺƯ� Ʋƿř� Ʃƺƈů��Źŵƺě� ƽźǀĭŹŚĩ
KMS-92�ƱŚĪƯř�Ţſř�źƿŸě���ƪĪƃæ�Żř�żǀƫŚƳō�ŚěźƿŻŠƿźŤƴƿŻ���ƵŶƃ

ƶŝ��šŶƯæ�Źŵ�ŢƗŚſ�˚CæèêåƾƯ�ƱŚƄƳ�řŹ��ŶƷŵ��
        ƱŚưƷ�ŹƺƏ��ƶĩŹŵƶƿŚěźƿŻ�ƪŴƬŴţ�ƱřżǀƯ�ƾƴŰƴƯ� �Ŝƀůźŝ�ŚƷ

� ĬƴƿźŤƴƿŻ� ƽŚƯŵ�ƪĪƃç� �ƾƯ� ƵŶƷŚƄƯ�ŵƺƃ�ƽŚƯŵ� Śţ��˚Cæèåå�
ÅŚŞƿźƤţ�Ư� ŵƹŶůŹŵ� ƹ� ŢŝŚŧ� ƪŴƬŴţ� Ʊřżǀêå� �Ţſř� ��ƽŚƯŵ� Żř
˚CæèçêƶƿŚěźƿŻ�ƪŴƬŴţ�ƱřżǀƯ�Źŵ�ƂƷŚĩ� ƾƯ�ŻŚƛō�ŚƷ�ŵƺƃ���
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��������Ƶŵřŵ�ƍƺŝźƯ�ƽŚƷ�ƶƿŚěźƿŻ� ƭŚĪŰŤſř� ƶŝ�ƪĪƃ� Źŵ� ŚƷè�ƵŶƯō��
Ţſř��ƱŚưƷ�ŹƺƏƾƯ�ƵŶƷŚƄƯ�ƶĩ� �ĬƴƿźŤƴƿŻ�ƽŚƯŵ�ƂƿřżƟř�Śŝ�ŵƺƃ

ƶƿŚěźƿŻ�ƾƯ�ƂƿřżƟř�ŚƸƳō�ƭŚĪŰŤſř��ŚƷ�ŶŝŚƿ���
        ��ŚƄƛ�Ʀƿ�ƾƿřŹŚƧ�ƹ�ƱŚƯŶƳřŹ�ƲǀǀƘţ�Źŵ�ƮƸƯ�ƪƯřƺƗ�Żř�ƾƨƿ

�Ʊō�ƽźƿŸěŷƺƠƳŢſř�@Ò>��ƾƿŚŬƳō�Żř��ŵƺų�żǀƳ�ŚƄƛ�ƽźƿŸěŷƺƠƳ�ƶƧ
ƪŴƬŴţ� ƱřżǀƯ� ƶŝ �ĬƴƿźŤƴƿŻ� ƽŚƯŵ� �Ţſř� ƶŤƀŝřƹ� ƶƿŚěźƿŻ� ƽŚƷ

ƿŚŝ� ƶƿŚěźƿŻŶƶŝ��ƶƳƺĭ�śŚŴŤƳř� ƽř�ƺƃ�ƽźƿŸěŷƺƠƳ� ŢƿŚƸƳŹŵ� ƶƧ� ŵ
ƴǀƸŝ� ƹ�śƺƬƐƯ�Ŷů�Źŵ� ŚƄƛŠŹřźƣ� ŵƺų��ŵźǀĭ� ��Źŵ�źĮƿŵ�ƝźƏŻř

��ĬƴƿźŤƴƿŻ�ƽŚƯŵ�śŚŴŤƳř�ƶŝƿŚŝ�żǀƳ�ƶƿŚěźƿŻ�ƭŚƨŰŤſřŶ�ƺƃŵ�ƶŝ��İƃƹŹ�
ŚƄƛ� ƶĩįƶŤųŚſ��ƶŤƃřŵ�ƾƿǇŚŝ� ƭŚĪŰŤſř�ŢƿŚƸƳŹŵ� ƵŶƃ��ƹ� ŶƃŚŝ
ŶƳřƺŤŝ�ƖƿŚƯ�ŽƺĪƘƯ�ƱŚƿźū��ŚƄƛ�ƶŝ�ƽŵƹŹƹ�ƖƿŚƯ�ƽǇŚŝ�žĩǈƟ�
įřźŝŢƀƃ��ƹ�ƪưŰţ�ŹŚĩ�ƲǀůŹŵ�řŹ�ƶŝŚƄƯ�ŵŹřƺƯ�ƹ�ŚƄƛ�ƽƺƃ�Ŷƴĩ�

@Î>� �� ƶŬǀŤƳŹŵŚěźƿŻ�ĨƿŠƿƵŶƿř���ƲŤƃřŵ�ƲǀƗŹŵ� �Ʃō�ƽźƿŸěŷƺƠƳ
ƿŚŝ� ǇŚŝ� ŶřżǀƳ� ƾƿǇŚŝ� ƾĪǀƳŚĪƯ� ƭŚĪŰŤſř� ŻŹřŵŹƺųźŝ���ŶƃŚŝ� ��Śŝ

�žĪƗ�ŢƸū� Źŵ� ŹƺĩŸƯ� ƪƯŚƗ� ƹŵ� �ĬƴƿźŤƴƿŻ� ƽŚƯŵ�ƂƿřżƟř
ƪưƗ� źĮƿŶĪƿ��ƾƯ Ŷƴƴĩ�ƪŴƬŴţ�ƂƷŚĩ� ƾƴƘƿ���ƹ� ƶƿŚěźƿŻ� ƽŚƷ

� žĜſ�ƭŚĪŰŤſř� ƂƿřżƟř� źĮƿŵ� ƾƟźƏŻř� ƹ� ƽźƿŸěŷƺƠƳ� ƂƷŚĩ
ƾƃŚƳ�Ż� ŻřƶƿŚěźƿŻ� ĬƴƿźŤƴƿ� ��ƱřżǀƯ� Źŵ� ƝǈŤųř� ƶĩ� ƾƿŚŬƳō� Żř

ƲǀǀƘţ� ƾƬƯŚƗ� ƶĩ� ƪŴƬŴţ�ŚƄƛ� ƽźƿŸěŷƺƠƳ� Źŵ� ƵŶƴƴĩ� Ţſ�Źŵ
ƶƿŚěźƿŻ �ƽŚƷŚƯŵ�Źŵ�ƵŶƃźŤƴƿŻ�ƽŚƷæèçêƹ�˚C æèêå�Ţſř�ħŶƳř�
ƵƹǈƗ� ƹ�źŝ�ŚěźƿŻ� ƭŚĪŰŤſř� ƱōŠƿźŤƴƿŻ��� ƽŚƯŵ� Źŵ� ƵŶƃ˚Cæèêå�

�ƽŚƯŵ�Źŵ�ƭŚĪŰŤſř�Żř�źŤƄǀŝ�ƾƬǀų˚Cæèçê��ŢſřƤŰţ�Ʋƿř�Źŵ��Ƣǀ
ƶƿŚěźƿŻ�ĬƴƿźŤƴƿŻ�ƽŚƯŵ��ŚƷ˚Cæèêå�śŚŴŤƳř��Ŷƃ�ƶƧ�ƾƿŚƯŵ�ƾƴƘƿ�

ƵŵƹŶŰƯ� Źŵ� Ʊō� ƭŚƨŰŤſř� ƹ� ŚƄƛ� ƽźƿŸěŷƺƠƳ� ƱřżǀƯ� Ʊō� Źŵ�įř�
İƴŤƟźƿŸě��ŶƃŚŝ�ƶƴǀƸŝ�ŢǀƇŚų�ƹŵ�Ʋƿř�Ŷƴƿōźŝ�ƹƺƃŵ���

�
è�ç�ŚǀƳŚŤǀţ�ƽŶǀŗƺƬĩ�ƪſ���
�

��������ƱŚưƷ�ŹƺƏ�ƾƯ�ƶĩ�ƪſ�ŶǀƳřŵ�ƪſ�ŶƴƿōźƟ� Źŵ�ƽŶǀŗƺƬĩ�ƽŚƷ�

ƺǀƀƳŚĜſƺſ� �ƩĥƱ�ƿŚƷİźŝ��ŚěŠƿŶƴŤƀƷ�śō�� ��ƽřźŝ�ƩƹřŶŤƯ�ƁƹŹ

ƪſ�ŢųŚſ�ƶŝ��ƽŶǀŗƺƬĩ�śō�ŵřŻŚƯ�źƿŵŚƤƯ�ƽźǀĭŹŚĩŢſř����źţǇŚŝ
�źŝřźŝ�ƶĩ�ŚǀƳŚŤǀţ�ƪƯŚĩ�żǀƫƹŹŶǀƷ�ƽřźŝ�ƭŻǇ�ƽźŤƯƺǀĩƺŤſř�ŢŞƀƳ�Żř

éŢſř�� ��ŚŤŞƀƳ� ƽźŤƯƺƳŚƳ� šřŹŷ� Żř� ƾƳƺǀƀƳŚĜſƺſ� Ŷǀƫƺţ� ƶŝ� ƶĩ
�ŢƃŹŵ�źŬƴƯ�ŶƷřƺųƃŶ��ƾƬƇř�Ƃƴĩřƹ�ƪſ�ƕƺƳ�Ʋƿř�Źŵ�ƽřźŝ�
��žƳřŶƴĩOlation�Ţſř�@Ò�Ö>��

�
�

M−OR+H2O→M−OH+R−OH        Hydrolysis��
��

M−OH+M−XOH→ 
M−OH−M+X−OH                                 Olation 
X=H or X=R 
R=CnH2n+1 and M=Si, Ti, Zr, Al 

�
�

��������Ƃǀě�śŚŴŤƳř��ƹ� ƪſ�ŢǀƠǀĩ� Źŵ�ƾƟźƈƯ� Ʃǈů� ƹ� ƵŵŚƯ
Ǉ� ƶŬǀŤƳŹŵŠƿƶŤųŚſ��ř� ƵŶƃ� ƾƿǇŚŝ�ŢǀưƷŵŹřŵ� �Ƃǀě�ƵŵŚƯ �ƽŚƷ

�ƶƬưūŻř�ƽżƬƟTiCl4Ħƿƹ�Ǝƿřźƃ�ƶŝ�şřŵ�ŻŚǀƳ�ƽŹŚĩ�ŶƳŹ�ŢƗźſ�ƹ�
ƶŝ�ŚƸƳō�żǀƫƹŹŶǀƷ�ƶƳƺĭ�ŹŚĩ�ƶĩ�Ţſř�ƽř�ƾƯ�ƪĪƄƯ�řŹ�ŚƸƳō�Śŝ�Ʊŵźĩ���ŵŻŚſ�

ƶŝ�řźŤţ� Żř� ƢǀƤŰţ� Ʋƿř� Źŵ� ŢƬƗ� ƲǀưƷ�ƪǀěƹźěƹżƿř��šŚƳŚŤǀţƺţŹƹř
�ƂƤƳŹŵƂǀě��ƵŵŚƠŤſř�ƵŵŚƯƃŶ��Ʃǈů�ƾƟźƈƯ�ěƹźěƹżƿř�ƩƺƳŚ�Ţſř�

Ʈţř�ƾƳŚƀĪƿ�ŵřŶƘţ�ƶĩ�Ţſř�ƾƫǈů��Ʃǈů�ƲƿźŤƸŝ�řźƿŻ��Źŵ�Ʋŝźĩ
ŶƃŚŝ� ƶŤƃřŵ� ƾƟźƈƯ� ŶǀƀĩƺĪƫō� Śŝ� ƶƀƿŚƤƯŹŵ� ŵƺų� ƪǀĪƫō� Ƶƹźĭ�

@Ò>��
        ƴǀƸŝ�ŢųŚſ� ŹŵŠƪſ��ƵƹǈƗ�ƽŶǀŗƺƬĩ�Ƃǀě�ƕƺƳ�źŝ��ƹ� ƵŵŚƯ
Ʃǈů��Ʊƺģ�ƾƬƯřƺƗ� �ƾƟźƈƯ pHƶŤŴƫ�ƽŚƯŵ� �ƪſ��ƱŚƯŻ� �ƾƿřŵŻ
ƶŤŴƫ�ƺŰƳ�ƹ�ŹřŶƤƯ��ƾƿřŵŻşƶŝ��ƾƳŵƹżƟř�ƽźǀĭŹŚĩ�ƽŚƷ��ŹŚǀƀŝ�żǀƳ�ƾƫō

�ŢǀưƷřŵŹřŵ��ƪſ�Ǝƿřźƃ�ƶŤųŚſ�ƽŶǀŗƺƬĩ�ƩƹŶū�Źŵ�ƵŶƃç�ƵŶƯō�
Ţſř���

        įřźŝƪſ� Ĩƿ� ŢųŚſ���śƺƬƐƯ� ƭŚŬƳř� �ƶƴǀƸŝ� ƽŶǀŗƺƬĩ
ƶŤŴƫ� ŶƴƿōźƟ�� ƽŹƹźƋ� ƾƿřŵŻŢſř� �Ʋƿř� ƽřźŝ�� ŹƺƔƴƯpHƿŚŝ�Ŷ�
ŵƹŶŰƯŹŵş�ê�å� Śţ�ê�æŶƃŚŝ�� �ƭŶƗ�� ƮǀƔƴţpH�ƵŵƹŶŰƯ� Ʋƿř� Źŵ�

ŚƯƶŤŴƫ� ŶƴƿōźƟ� ƭŚŬƳř� Żř� ƖƳ Ŷƃ� ŶƷřƺų� ƾƿřŵŻ�@Ò>� ��ŶƴƿōźƟ� Źŵ
ƶŤŴƫ ƵźƯƺƬĭō��ƾƿřŵŻ��ŽźĜƀƿŵ�ŵƺūƺƯ�ƽŚƷİƯ�ŶƳƺƃƶƿǇ�ƹ� �Żř�ƽř



ÎÓÕ�ƾſŶƴƸƯ�ŵřƺƯ�ƶƬŬƯ�
��

 

�ƩƹŶūç�ƪſ�ŢųŚſ�Ǝƿřźƃ��ƽŶǀŗƺƬĩ��
 

ƶŤŴƫ�ƽŚƯŵ� �ƾƿřŵŻ(˚C) pH��[H+]/[Ti] [H2O]/[Ti] Ƴƪſ�ƕƺ�
êå æ ê�å çå ƽŶǀŗƺƬĩ�

 

ŢŞŨƯ� ŹŚŝ��H+�řżŬƯ� ƵŹŷ� źƷ� ƝřźƏř� Źŵ�����Ƶƹźĭ� ƝřźƏř� Śƿ
šřŹŷ� Żř� ƾƨģƺƧ��Ŷƃ� ŶƷřƺų� ƪǀƨƄţ�� �� ƮǀƔƴţ� ŚŝpH�ƱřżǀƯ� �
ƾƃŚƳ� ƶƘƟřŵ� ƽƹźǀƳ�ƿǇ� ŻřŠŷ� ƾĪƿźŤĪƫř� ƞƗŚƌƯ��ƶŝ� ƪſ� šřŹ

ƴǀƸŝ�ŹřŶƤƯŠƾƯ�ŵƺų��ŶſŹ��ŶƷřƺų�ƪſ�ƱŶƃŹřŶƿŚě�ŜŞſ�źƯř�Ʋƿř�
ƃƶţ�ƹ�šřŹŷ�śƺſŹ�Żř�ƹ�Ŷ�ŶƷřƺų�ƽźǀĭƺƬū�ŚƸƳō�ƾƴǀƄƳŵźĩ���

� ƶĩ�Ţſř� źĩŷ� ƶŝ� ƭŻǇpH�ƪſ�Śŝ� ŸƛŚĩ�pHƵŻřŶƳř�ħźƯ���ƽźǀĭ
ƃŶ��

        ƶŤŴƫ� ŶƴƿōźƟ�žě�ƾƿřŵŻ�ƵŵŚƠŤſř� Żř�ƭŚưů� Żř���ƦǀƳƺſřźŤƫƹř
Ŷƃ� ŶƷřƺų�ƪǀưƨţ� �ř� ƲƿřǀƤŝ� ƽĥźƳřźě� ũřƺƯŠƵźƯƺƬĭō���ƭźƳ� ƽŚƷ

ƾƣŚŝ�ŻřŶƳř�ƖƿŻƺţ�ƶŬǀŤƳŹŵ�ƹ�ƶŤƀĪƃ�řŹ�ƵŶƳŚƯşƦƿŹŚŝ�ƪſ�šřŹŷ�� źţ�
Ŷƃ� ŶƷřƺų� �ƪſ� Źŵ� ŚƸƳō� Ţųřƺƴƨƿ� ƖƿŻƺţ� ƹ� źţżƿŹ� šřŹŷ�

ƽŶǀŗƺƬƧ���śƺƬƐƯ� ƅřƺų� Śŝ� ƾƿŚƄƛ� ŢųŚſ� ƽřźŝ� ŚǀƳŚŤǀţ
�ƽŹƹźƋŢſř��

        ŻřŶƳřşƪſ�šřŹŷ��ƶŝ� ƽŚƷ�ŹŚĩƶŤƟŹ� ƵŶƃ�įřźŝƶƿǇ��ŚƄƳ��ƾƳ
� ƾƿŚƄƛ� ŵŚŬƿř� Źŵ� ƽŶǀƬĩ� ƹ� ƮƸƯ� ƾƬƯŚƗƱƹŶŝ�ƽřŹřŵ� ƹ� ħźţ�

� ƆŴƄƯ� ƵŻřŶƳř� Śŝ� šřźƠůŢſř� �ŻřŶƳřş�ŹřŶƿŚě� ƪſ� šřŹŷ�
ŢŰţ� �ƾƿŚǀƳŚŤǀţ�Őţ� ƱŚưƷ� Śƿ� ƱĥƹŹŶǀƷ� Ʊƺƿ� ŢƔƬƛ� źǀŧpH�ƪſ�

Ţſř�@ÎÍ>� ƱŚưƷ�ŹƺƏ��ƪĪƃ�Źŵ�ƶĩé�ƩƹŶū�ƹ�è�� ƵŶƯō�Ţſř��
ƵŻřŶƳř�ŻřŶƳř� ƖƿŻƺţ�ƽźǀĭşžě�ƪſ�šřŹŷ���ƱŚƄƳ� �ƽŻŚſŹřŶƿŚě� Żř
�ƶĩ�ŵřŵ�ƲǀĮƳŚǀƯ�şŻřŶƳřƪſ�šřŹŷ��ƽŶǀŗƺƬĩë�êê�źŤƯƺƳŚƳ�Ţſř���
        ƬůźƯŠƦƄų��ƮƸƯ� Żř� ƾƨƿ� ƱŵźƧ�ƾƳřźŰŝ� ƹ� Ʋƿźţ��Ʋƿźţ

Ţſř�ƾƨǀƯřźſ�ƽŚƷŚƄƛ�ŢųŚſ�Źŵ�ƪůřźƯ��ƶƬůźƯ�Ʋƿř�Źŵ�řźƿŻ�
ƥźţ� ƶŝ� ƽŶƿŶƃ� ƪƿŚưţ� ŚƷŚƄƛ�ƾƯ� ƱŚƄƳ� ƱŵŹƺų�ŶƴƷŵ�@ÎÎ�>�

ŚƄƛ�ŢųŚſ�ŶƴƿōźƟ� ƶŬǀŤƳŹŵį�ŵŚŬƿř� ƶŝ� ƵŹřƺưƷ� �ƶƿŚěźƿŻ�ƽřŹřŵ�
ƿǇ�ĨƿŠ�ƹ�ƶŤſƺǀě�ƱƹŶŝħźţ�źŬƴƯ��Ŷƃ�ŶƷřƺŴƳ��ƶŝ��ƅŚų�ŹƺƏ

� ŹŵŚƄƛƽŚƷ��ƂŴŝ� �ƾƿŚǀƳŚŤǀţįŵŚƿŻ� Żř�ŚƄƛŚƷį��ƶƿŚěźƿŻ�ƽřŹřŵ�
žě�ƦƄų� Żř�ƿǇ� Źŵ� �ƱƺǀſŚƴǀƀƬĩ� ƹ� ƱŵźƧŠ�ħźţ� ŵƺų�ƾƳŚƣƺƟ�

Ţƃřŵ�ŶƴƷřƺų� �ħźţ�ŵŚŬƿř�ƽŚƷ�ƾƃŚƳ� ƵŶƃ�Ƃƴţ�Żř��ƾĭŹżŝ�ƽŚƷ
ůŹŵ�ƶĩ�ŢſřĨƄų�ƪůřźƯ�Ʋǀ��ŵŚŬƿř�ƶƿǇ�ƱƺǀſŚƴǀƀƬĩ�ƹ�Ʊŵźĩ

ƾƯ�ƺƃŵ��Ƃƴţ�Ʋƿř�ĪŞƃ�ŢƀĪƃ�ƭŚĪŰŤſř�Żř�ŚƷŠźţřźƟ�Ʃĥ�İƯ��ŶƳƹŹ�
�ƹ�ħźţ�ŵŚŬƿř�ŜŞſƾƯ�ŶƳƺƃ��įřźŝ�šǈĪƄƯ�ƹ�šřźƐų�ƂƷŚĩ�

�ŶƴƿōźƟƶŝ�ƅƺƈųĨƄų�ƪůřźƯ�ƲǀůŹŵ��ƱƺǀſŚƴǀƀƬĩ�ƹ�Ʊŵźĩ��
ƪŞƣ�ƶƿǇ�Żř�ƿŚŝ��ƾƳŚƄƳŶƾƳŵƹżƟř�Żř� �ƵŵŚƠŤſř�ƾƫō�ƽŚƷźĩŵ���

��������ƾƳŵƹżƟř�ƪſ�Źŵ�ƾƟźƈƯ�ƽŚƷ �ƽŶǀŗƺƬƧ�ƽŚƷƾƯ��Żř�ŶƴƳřƺţ
�ƽźǀĭƺƬū�šřŹŷ�ƖưŬţƴƴĩ�ƮǀƔƴţ�řŹ�ƪſ�ƶŤƿŻƺƨƀƿƹ�ƹ�ŶŶƴƴĩ�ƹ�

ƲǀƴĤưƷƳŶŝ� ƭŚƨŰŤſř� ƂƿřżƟř� Śŝ�Š�ƥźţ� ƪǀƨƄţ� Żř� ƭŚų�
ŶƴƴƧ�ƽźǀĭƺƬū @ÎÏ>���ŵŹƺƯŹŵŚƄƛ�Żř�ŪƿŚŤƳ�ƲƿźŤƸŝ�ƾƿŚǀƳŚŤǀţ�ƽŚƷ

ƾƬě�ƱŵƹżƟř�ƪǀƴƿƹ�ƪĪƫř��PVA��Śŝ�Ŝǀĩźţ�Źŵ�ƪǀěƹźě�ƾƀĩƹŹŶǀƷ�
żƫƺƬſ�HPC� ��ƪƇŚůƾƯ�ŵƺƃ�@Ô>� ��Ŷƃ�ƵŶƷŚƄƯ�ƢǀƤŰţ�Ʋƿř�Źŵ

� ƱŵƹżƟř� ƶĩPVAŚǀƳŚŤǀţ� ƪſ� ƶŝ��� Żř� źţǇŚŝ� źƿŵŚƤƯ� Źŵ�æ� Śţ�ç��
�ƪſ�ƱƺǀſǇƺĩƺƬƟ�ƹ�ƽŹřŶƿŚě�ƭŶƗ�ƶŝ�ŚǀƳŚŤǀţ�ƾƳŻƹźŬƴƯ�ƾƯ�ƺƃŵ��

ƾƃŚƳ�źƯř�Ʋƿř�ƮƷ�Żř��ƹ�ŚǀƳŚŤǀţ�Ʋǀŝ�ƂƴĩPVA�Ţſř��ŹƺƌůŹŵ�HPC�
Ƴ�űŹ�Ƃƴĩřƹ�Ʋƿřİư�ŶƷŵ�ŶƷřƺŴƳ�ƂƷŚĩ�ŚǀƳŚŤǀţ�ƪſ�ƽŹřŶƿŚě�ƹ�

ŢƟŚƿ��ƿŚŝ�řŶŤŝř�ƶŬǀŤƳŹŵ�Ŷ�ƾŝō�ƩƺƬŰƯHPC�ƶƟŚƋř�ƪſ�ƶŝ�ƺƃ�ƹ�ŵ
žĜſ� ƾŝō� ƩƺƬŰƯ�PVAŵƺƃ� ƶƟŚƋř�� ��Ƣǀƣŵ� ƹ� ƾƘƐƣ� ƭżǀƳŚĪƯ

ƾƳŵƹżƟř� ŵźĪƬưƗ�ƽŚƷ�� ƶŤųŚƴƃ�ŻƺƴƷ�ƾƫōŢſř�ƵŶƄƳ� �ƽŹƺŘţ �ƽŚƷ
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��

 

5. Zarzicki. 
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ƪĪƃ�ê�ƪſ�Żř�ƾţŹřźů�ƲƿŻƺţ�żǀƫŚƳō��ŚǀƳŚŤǀţ�ƽŶǀŗƺƬĩ�  

ƾƠƬŤŴƯřŹ�ƾƳŵƹżƟř�Ʋƿř�ƂƤƳ� ƶŝ� ƶŤƀŝřƹ� ƶĩ� ŚƷ� �ŢſƾĪĤƿŻŹřŻê�
ŝƾſŹź�źĩƵŵ�Ţſř� �� ƲĪưƯ� ƭżǀƳŚĪƯƾƯ�ƮĪŰŤƀƯ� ŶƳřƺţ��ƱŶƃ

ŠĪŞƃĥ�ŶƃŚŝ�ƶƳŵźĭ�ŶƃŹ�ƢƿźƏŻř�Ʃ� ��źĮƿŵ�ƩŚưŤůřƾƯ��ŶƳřƺţ
�ƝŸůƂƴţ�ƽŚƷ�ŶƃŚŝ�ƾƘưŬţ��Ƃƴţ ŚƷƿƾ�ƽŚƷŹŚŤųŚſ� Żř� ƶĩ�

źǀƛ�ƹ�ƱŹŚƤŤƯŚƳ�źƠů�ŢųřƺƴĪƿŚƷ�ƾƃŚƳ�ƾƯ�ŵƺƃ�@Ò�ÎÐ>��

��������ũŹŚų�ƹ�ƲŤųƺſ�ƾƳŵƹżƟř�ƱŶƃ�ƽŚƷ�ƶŝ�ƾƫō�ŹŚĩ�ŵ�ƶŤƟŹ�Ź
ƪſ�ŢǀưƷř� ŹŚǀƀŝ� ƶĩ�Ţſř�ƽŵŹřƺƯ� źĮƿŵ� Żř� �ƽŶǀŗƺƬĩ�ŵŹřŵ��

ƪĪƃ� Źŵ�êŬǀŤƳ�ŠƿǇ� ƽřźŝ� ƾţŹřźů� ƲƿŻƺţ� żǀƫŚƳō�Š�ƽŶǀŗƺƬĩ�
� ƵŶƷŚƄƯƾƯ�ƺƃŵ�ƱŚưƷ��� ƶĩ� ŹƺƏŹŵ� ƪĪƃ��Ţſř�ƆŴƄƯ�Śţ�
�ƽŚƯŵæèå��˚CæéåžƳřŶƴĩ�śō��źƠů�ƱƹŹŵ�Źŵ�ƵŶƃƵ�ŚƷ�śō�ƹ�
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śŸū�İƯ�źǀŴŞţ� ŚƸƳō�ŮƐſ�ƽƹŹźŝ� ƵŶƃ�ŵƺƃ� ��ƽŚƯŵ� ŻřæêåŚţ��
˚Céåå� ƱƺǀſřżǀƫŚŤƀƿźĩ�Ti(OH)4� ƶŝ�TiO2ŶƷřƺų� űŹ��ŵřŵ��

�ũƹźų�ƹ�ƶƿżŬţPVA�ƹ�HPCŵƹŶů�żǀƳ�ř˱�ƽŚƯŵ�Żř�˚Cçêå�ŻŚƛō�
İƯ�ŵƺƃ�ƽŚƯŵ�Źŵ�ƹ�˚CéååƾƯ�ƱŚƿŚě�ƶŝ��ŶſŹ�@ÎÐ>.Śƴŝ��źŝ��ƪĩ�Ʋƿř

�ƽŚƯŵ�Śţ�ƶƳƺưƳ�ƱŻƹ�ƂƷŚĩ˚Céåå�źŝřźŝ�èå���ƶƳƺưƳ�ƶǀƫƹř�ƱŻƹ
ŢſřƪŞƣ�ƹ��ţř�ƱƺǀſŚƴǀƀƬĩ�ƾƿŚƸƳ�ƽŚƯŵ�Żř�ơŚƠƾƯ�ŶŤƟř���

���������ŵŚŬƿř� ƱƹŶŝ� ƽźưǀƬě� ŵřƺƯ� ũƹźų� ŜŞſ� ƶĩ� ƾƬƯřƺƗ� Żř
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