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�Some metals such as titanium, zirconium, beryllium, uranium and thorium

(and most of the rare earths) are known to form very stable oxides. They do not
respond favorably to attempts to prepare them by oxide reduction.  �%*Ca �Mg �Al ����
 3�4�� �� ��� 5%� ������ ��T=1000 ̊̊ C
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� H�-�< $��)5��'^ 7��X -. $�(�� �-�< 5�� � ��>��F* �:[M] + 0.5 Cl2 = MCl
x

� �-�< ��#�� I% ���8��%���)MO (��� 6�X ��:MO + Cl2 = MCl2 + 0.5 O2CuO + Cl2 = CuCl2 + 0.5 O2 at 500C   ∆G0= -33.47 KjZrO2 + 2Cl2 = ZrCl4 + O2 ∆G = 40 Kcal/mol
o?@A�      :1 .∆G>0           2.�"�#�� ��a�
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� MO2 + 2Cl2 + C = MCl4 + CO2
� MO2 + 2Cl2 + 2C = MCl4 + 2CO

�N�b�:ZrO2 + 2Cl2 + C = ZrCl4 + CO2ZrO2 + 2Cl2 + 2C = ZrCl4 + 2CO 



�N�b�:
at 900 °C:0.5 TiO2 + Cl2 = 0.5 TiCl4 + 0.5 O2 ∆G0 = 11.2  Kcal
• andC + 0.5 O2 = CO ∆G0 = –52.1 Kcal
• Combining the two,0.5 TiO2 + C + Cl2 = 0.5 TiCl4 + CO                 ∆G0 = –40.9 Kcal



•  !"�:  ?�@A� ��@��CCl4 �%6 Z���� 6�:C + 2Cl2 = CCl4��� # $��
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�-<� �� g�����%6 �%��� 6� 5�* �%��� Z%��.:  FeCl3 + ½ H2 = FeCl2 + HCl 700-800 oCFeCl3 : 1020 oC
�3������%6 ��F��    :Kroll process (l)2(s)(l)(g)4 2MgClZr2MgZrCl +=+
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� ��%*�<Hunter :g%�8 J8��:
� ��%*�<Kroll :g%-��� ��:(l)(s)(l)(g)4 4NaCl+Ti4Na+TiCl → C]850-800[T    Ti2MgCl2MgTiCl (s)(l)2(l)(g)4 °=+→+


