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THEORETIC ANALYSIS OF OXIDIZING DEPHOSPHORIZATION
OF HIGH-CARBON FERROMANGANESE

Guo Peimin Li Zhengbang Lin Gongwen
(Beijing Central Iron and Steel Research Institute, Beijing 100081 )

Abstract The theoretic analysis is conducted on oxidizing dephosphorization for high-carbon ferroman-

ganese. CaO-based Slag does not realize oxidizing dephosphorization and a good manganese recovery, while

BaO-based does, which needs higher activity of MnO and BaO and lower content of silicon. Decreasing tempera-

ture of reaction suitably is advantageous to oxidizing dephosphorization and a good manganese recovery. Carbon in

the ferromanganese is disadvantageous to dephosphorization, while decreasing temperature suitably can increase

efficiency of dephosphorization. Under the condition of 1 673 K, effect is good when content of carbon is 3. 8% .
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¡¤2¡¤ Ìú ºÏ ½ð 2000 Äê

±í 2 Ñõ»¯ÍÑÁ×Ê±±£ÃÌËùÐèµÄ PO2 Pa

2 [P ] + 5 (MnO) + 4 (CaO) = (4CaO¡¤P2O5 ) +

5Mn(1 )

Δ G

Ф

= - 173 316 + 218. 3 T ( 4 )

Δ G =Δ G

Ф

+ RT1n a5
Mn¡¤a4CaO¡¤P2O5

a4
CaO¡¤a2

P¡¤a5
MnO

¶ÔÓÚ±í 1 ÖÐµÄ¸ßÌ¼ÃÌÌú£¬Áî aMnO = 1, aCaO =
1, a4CaO¡¤P2O5 = 1£¬¿ÉµÃ£º

Δ G = - 173 316 + 151. 7 T
µ±Δ G = 0 Ê±£¬T = 1 142 K£¬¼´ T <1 142 K£¬

²ÅÄÜÊµÏÖÑõ»¯ÍÑÁ×ÇÒ±£ÃÌ¡£Òò´ËÓÃ CaO ÏµÔü²»

ÄÜÊµÏÖÃÌÌúÑõ»¯ÍÑÁ×±£ÃÌ¡£

2. 2 BaO ÏµÔüÑõ»¯ÍÑÁ×±£ÃÌµÄ¿ÉÄÜÐÔ

BaO ÏµÔüÑõ»¯ÍÑÁ×ÇÒ±£ÃÌµÄ»¯Ñ§·´Ó¦Ê½Èç

ÏÂ£º

2[P] + 5(MnO) + 3BaO =3BaO¡¤P2O5 + 5Mn£ 1̈£©

ΔG

Ф

= - 414 650 + 277. 7T (5)

ΔG =ΔG

Ф

+ RT1n a5
Mn

a2
P¡¤a5

MnO

µ± aMn = 1 Ê±£¬¿ÉµÃΔG = -414 650 + 211. 1 T

Δ G = 0 Ê±£¬T = 1964K, ¼´ T <1964K£¬¿ÉÊµ
ÏÖÍÑÁ×±£ÃÌ¡£Òò´ËÓÃ BaO ÏµÔüÄÜÊµÏÖÑõ»¯ÍÑÁ×

ÇÒ±£ÃÌ¡£

3 ÃÌÌúºÏ½ðÆ½ºâÁ×º¬Á¿[%P]e

¸ù¾ÝΔG

Ф

= - RT1n a5
Mn

a2
P¡¤a5

MnO
¿ÉµÃ

aP = exp£¨Δ / RT√ £©¡¤a5 / 2
Mn ¡¤a - 5 / 2

MnO (6)
ÓÉÊ½ (6) ¿É¼ÆËã³ö²»Í¬Ìõ¼þÏÂµÄ [% P] e£¬¼û±í

3¡£¿É¼û£¬ÔÚÒ»¶¨ÎÂ¶ÈÏÂ£¬(MnO) »î¶È½Ï¸ßÊ±£¬ÃÌÌú
ºÏ½ðÖÐ [% P] e ½ÏµÍ¡£¶øÎÂ¶È¸ßÊ±£¬[% P] e Ò²ËæÖ®±ä

±í 3 ²»Í¬Ìõ¼þÏÂµÄ [% P] e

Mn£¨1£©+ 1 / 2O2 = MnO£¨1£©
Δ G

Ф

= - 344 933 + 57. 15 T ( 1 )
±£ ÃÌ Ìõ ¼þ ÎªΔ G≥ 0£¬ ¼´Δ G =Δ G

Ф

+

RT ¡¤1n aMnO

aMn¡¤P1/ 2
O2

≥0

lgPO2≤ - 36 030
T + 5. 970 + 2lg aMnO - 2lg aMn

( 2 )
ÑÐ¾¿Ñõ»¯ÍÑÁ×±£ÃÌÓÃµÄ¸ßÌ¼ÃÌÌú³É·Ö¼°Æä

ÖÊÁ¿·ÖÊý¼û±í 1¡£

±í 1 ¸ßÌ¼ÃÌÌú³É·Ö¼°ÆäÖÊÁ¿·ÖÊý

¸ù¾Ý 1nγ Mn / γºMn = 1nγ Solv + 0. 018 xMn - 2. 11
xC - 8. 06 xP - 3. 3 xSi

[ 8 ]£¬ ¿É µÃ γ Mn = 0. 35£¬ ÓÚ ÊÇ
aMn =γ Mn × xMn = 0. 187¡£Ñõ»¯ÍÑÁ×Ê±±£ÃÌËùÐèµÄ
ÑõÊÆÌõ¼þ¼û±í 2¡£¿É¼û£¬ÔüÖÐ MnO »î¶ÈÔ½´ó£¬±£ÃÌ

ËùÐèÑõÊÆÔ½¸ß£¬ÃÌÌúÈÛÌåÎÂ¶ÈÔ½¸ß£¬±£ÃÌËùÐèÑõ

ÊÆÔ½¸ß¡£

2 ÔüÏµÑ¡Ôñ

2. 1 CaO ÏµÔüÑõ»¯ÍÑÁ×±£ÃÌµÄ¿ÉÄÜÐÔ

¸ù¾Ý£º

2 [P] + 5 (FeO) + 4 (CaO) =£¨4CaO ¡¤ P2O5£©

+ 5 [Fe ]
Δ G

Ф

= - 767 166 + 283. 3 T [ 9 ] ( 3 )
¿ÉµÃ£º

³É ·Ö [ C ] [ Si ] [Mn] [Fe ] [ P ]

ÖÊÁ¿·ÖÊý / % 6 1 65 27. 5 0. 5

x 0. 225 0. 016 0. 533 0. 221 0. 003

T / K aMnO = 1 aMnO = 0. 5 aMnO = 0. 1

T = 1 573 ≤3. 354 × 10 - 11 ≤8. 386 × 10 - 12 ≤3. 354 × 10 - 13

T = 1 673 ≤7. 867 × 10 - 10 ≤1. 966 × 10 - 10 ≤7. 867 × 10 - 12

T = 1 773 ≤1. 290 × 10 - 8 ≤3. 225 × 10 - 9 ≤1. 290 × 10 - 10

T / K aMnO = 1 aMnO = 0. 5

1 573 0. 021 0. 119

1 673 0. 055 0. 307

1 723 0. 085 0. 478

G

Ф



¡¤3¡¤µÚ 3 ÆÚ

¸ß¡£ÎªÊ¹ÃÌÌúÖÐ [% P] e = 0. 1, 1 573K¡¢1 673K ºÍ

1 723K Ìõ¼þÏÂ£¬ÔüÖÐ aMnO Ó¦·Ö±ðÎª 0. 537¡¢0. 780
ºÍ0. 934¡£

4 Ó°ÏìÍÑÁ×±£ÃÌµÄÒòËØ·ÖÎö

4. 1 ÔüÖÐMnO »î¶ÈµÄÓ°Ïì

¸ù¾ÝÊ½ (5) ¿É¼ÆËã³ö²»Í¬ aMnO ÏÂµÄ·´Ó¦×ÔÓÉ

ÄÜ£¬¼û±í 4¡£¿É¼û£¬Ò»¶¨ÎÂ¶ÈÏÂ£¬Ëæ×Å aMnO µÄ½µµÍ£¬

ÍÑÁ×±£ÃÌµÄ·´Ó¦×ÔÓÉÄÜÉý¸ß£¬µ± aMnO <0. 5 Ê±£¬

ÊµÏÖÍÑÁ×±£ÃÌµÄ¿ÉÄÜÐÔ´óÎª½µµÍ£»ÔÚÒ»¶¨ aMnO

ÏÂ£¬·´Ó¦ÎÂ¶È½µµÍ£¬ÍÑÁ×±£ÃÌµÄ·´Ó¦×ÔÓÉÄÜ½µµÍ¡£

Òò´Ë£¬µÍÎÂ¸ßÑõ»¯ÐÔÔüÓÐÀûÓÚÑõ»¯ÍÑÁ×±£ÃÌ¡£

±í 4 Ê½ ( 5 )µÄ·´Ó¦×ÔÓÉÄÜ kJ

4. 2 ÔüÖÐ BaO µÄÓ°Ïì

¿¼ÂÇÔüÖÐ BaO ¶ÔÍÑÁ×±£ÃÌµÄÓ°ÏìÊ±£¬¸ù¾Ý

Ê½ ( 5 )¿ÉµÃ£º

aP = exp£¨Δ / RT√ £©¡¤a5 / 2
Mn ¡¤a - 5 / 2

MnO ¡¤a - 3 / 2
BaO

£¨7£©
¶ÔÓÚ±í 1 ËùÊ¾µÄ¸ßÌ¼ÃÌÌú£¬aP = 0. 09¡¤

a - 5 / 2
MnO ¡¤a - 3 / 2

BaO ( 8 )
µ± T = 1 673 K Ê±£¬aBaO ¶Ô [% P] e µÄÓ°Ïì¼û

±í 5¡£ÔüÖÐ aBaO Ô½´ó£¬[% P] e Ô½µÍ¡£Òò´ËÑõ»¯ÍÑÁ×
ÇÒ±£ÃÌÊ±£¬ÔüÖÐ aBaO ºÍ aMnO ¶¼±ØÐëºÜ¸ß¡£

±í 5 ²»Í¬ aBaO Ëù¶ÔÓ¦µÄ [% P] e

4. 3 ¹èµÄÓ°Ïì

µ±ÃÌÌúÖÐº¬ÓÐÒ»¶¨Á¿¹èÊ±£¬Ñõ»¯ÍÑÁ×Ê±¿ÉÄÜ

·¢ÉúÈçÏÂ·´Ó¦£º

[ Si ] + O2 = ( SiO2£©

Δ G

Ф

= - 810 740 + 212. 4 T ( 9 )
½«Ê½ ( 1 )ÓëÊ½ ( 9 )¹ØÁª¿ÉµÃ£º
[ Si ] + 2 (MnO) = 2Mn£¨1£©+ (SiO2 )
Δ G

Ф

= - 120 754 + 98. 1 T ( 10 )

Δ G =Δ G

Ф

+ RT1n a2
Mn¡¤aSiO2

aSi¡¤a2
MnO

Áî aSiO2 = 1, aSi = 1, aMn = 0. 187£¬¿ÉµÃ£º
Δ G = - 120 754 + 70. 2 T - 2 RT1n aMnO

µ± T = 1 673 K£¬aMnO = 1 Ê±£¬Δ G = - 3 309
J¡£ÔÚÊµ¼ÊÔüÏµÖÐ SiO2 Óë BaO ½áºÏÉú³É 2BaO¡¤
SiO2£¬Òò´Ë aSiO2 <1£¬¹ÊÃÌÌúÖÐµÄ¹è½«±»Ñõ»¯Éú³É
SiO2 ½øÈëÔüÖÐ¡£Ñõ»¯ÍÑÁ×Ê±£¬BaO ÏµÔüÔ¼Õ¼ÃÌÌú

ÖØÁ¿µÄ 10% £¬¼´ 100kg / t£¬µ±ÃÌÌúÖÐº¬ 1% Si£¬Áî
¹è±»Ñõ»¯ÖÁºÛ¼££¬Éú³É SiO2 21. 4 kg / t£¬¿É¼û£¬Èç
´Ë¶àµÄ SiO2 ²»½öÏ¡ÊÍÔüÖÐ BaO ºÍ MnO µÄÅ¨¶È£¬

¶øÇÒ SiO2 »¹Óë BaO¡¢MnO Éú³ÉÎÈ¶¨Ïà 2BaO¡¤
SiO2 ºÍ 2MnO¡¤SiO2£¬½µµÍÁË BaO ºÍ MnO µÄ»î

¶È£¬Òò´Ë¶ÔÍÑÁ×²úÉú²»ÀûÓ°Ïì¡£ÓÉ´Ë¿ÉÖª£¬Ñõ»¯ÍÑ

Á×Ö®Ç°±ØÐëÏÈÍÑ¹è£¬±£Ö¤ÍÑÁ×Ê±ÃÌÌúºÏ½ðÖÐ

[% Si ] < 0. 1¡£
4. 4 Ì¼µÄÓ°Ïì

¸ßÌ¼ÃÌÌúºÏ½ðÖÐº¬Ì¼¸ß£¬Ì¼½Ó½ü±¥ºÍ¡£Ì¼Óë

(MnO)·¢ÉúÈçÏÂ·´Ó¦£º
C£¨S ) + (MnO) = CO + Mn£¨1£©
Δ G

Ф

= 240 160 - 146. 98 T ( 11 )

Δ G =Δ G

Ф

+ RT1n aMn

aMnO¡¤aC

¶ÔÓÚ±í 1 ÖÐµÄ¸ßÌ¼ÃÌÌú£¬Δ G = 240 160 -
160. 92 T - RT1n aC - RT1n aMnO

µ± T = 1 673 K Ê±£¬¼Ù¶¨ aC = 1, aMnO = 1£¬
Δ G = - 29 058 J
µ± T = - 1 673 K Ê±£¬¼Ù¶¨ ac = 1, aMnO =

0. 5,Δ G = - 19 417 J
¿É¼û£¬ÃÌÌúÖÐÌ¼±ÈÃÌ¸üÈÝÒ×Ñõ»¯¡£½«Ê½£¨5£©ºÍ

Ê½£¨11£©¹ØÁª£¬¿ÉµÃ£º
3BaO + 5CO + 2 [P] = 3BaO¡¤P2O5 + 5C(S )

Δ G

Ф

= - 1 615 450 + 1 012. 6 T ( 12 )

Δ G =Δ G

Ф

+ RT1n a5
C

a3
BaO¡¤a2

P
£¨13£©

µ±ÃÌÌúÖÐÌ¼±¥ºÍÊ±£¬Áî aBaO = 1£¬¿ÉµÃΔ G =
Δ G

Ф

- 2 RT1n aP

ÔÚ T = 1 673 K Ìõ¼þÏÂ£¬µ± [% P] = 0. 5 Ê±£¬

Δ G = 83 813 J£»µ± [% P] = 0. 3 Ê±£¬Δ G = 98 023

¹ùÅàÃñµÈ ¸ßÌ¼ÃÌÌúÑõ»¯ÍÑÁ×µÄÀíÂÛ·ÖÎö

T / K aMnO = 1 aMnO = 0. 5 aMnO = 0. 1

1 573 - 82. 6 - 37. 3 68. 0

1 673 - 61. 5 - 13. 3 98. 7

1 773 - 40. 4 10. 7 129. 3

aBaO aMnO = 1 aMnO = 0. 78

1 0. 055 0. 10

0. 5 0. 153 0. 285

G

Ф



¡¤4¡¤ Ìú ºÏ ½ð 2000 Äê

J¡£ÔÚ T = 1 573 K Ìõ¼þÏÂ£¬µ± [ % P] = 0. 5 Ê±£¬

Δ G = - 17 756 J£»µ± [ % P] = 0. 3 Ê±£¬Δ G = -
4 396 J¡£¿É¼û£¬ÔÚÃÌÌúÖÐÌ¼±¥ºÍÌõ¼þÏÂ£¬µ± T =
1 673K Ê±£¬Ì¼ÄÜ»¹ÔÔüÖÐ ( P2O5 )£¬µ«µ± T =
1 573K Ê±£¬Ì¼²»ÄÜ»¹ÔÔüÖÐ ( P2O5 )¡£

Êµ¼ÊÉÏ¸ßÌ¼ÃÌÌúÖÐÌ¼Î´´ïµ½±¥ºÍ£¬Æä»î¶ÈÏµ

Êý¿É¸ù¾Ý 1nγ C = - 1. 635 + 10. 889 xC + 1. 467 xFe

¹ÀËã¡²10¡³£¬Èç±í 1 ËùÊ¾µÄ¸ßÌ¼ÃÌÌú£¬γ C = 3. 251, ¼´
aC = 0. 732¡£´úÈëÊ½ ( 13 )¿ÉµÃ£º
Δ G = - 1 615 450 + 999. 6 T - 2 RT1n aP

¸ù¾ÝÉÏÊ½¿É¼ÆËã³öΔG, ¼û±í 6¡£µ±Δ G = 0
Ê±£¬T = 1 598 K( [ % P] = 0. 3 )¡£

±í 6 Ê½ (12 )µÄΔG / J (aC = 0. 732 )

Òò´Ë¶ÔÓÚ¸ßÌ¼ÃÌÌú£¬ÔÚ 1 673 K Ìõ¼þÏÂ£¬ÓÃ

BaO ÏµÔüÑõ»¯ÍÑÁ×Ê±£¬[ C ] ±È [ P ] Ò×Ñõ»¯£¬ËäÈ»

[ C ] Ñõ»¯·´Ó¦Éú³É CO ¸ÄÉÆÍÑÁ×¶¯Á¦Ñ§Ìõ¼þ£¬µ«

¸ßÌ¼ÃÌÌúÖÐÌ¼º¬Á¿¸ß£¬Õâ½«ÏûºÄ´óÁ¿Ñõ»¯¼Á£¬Áí

ÍâÍÑÁ×Ê±¼ä²»ÄÜ¹ý³¤£¬·ñÔòÈÝÒ×²úÉú»ØÁ×ÏÖÏó¡£

¼õÉÙ»ØÁ×µÄÍ¾¾¶Ö®Ò»ÊÇ½µµÍ·´Ó¦ÎÂ¶È£¬Èç T <
1 598 K Ê±£¬¿É±£Ö¤ [ % P] = 0. 3 Ê±²»ÒòÎªÌ¼»¹Ô

( P2O5£©¶ø»ØÁ×¡£

µ± T = 1 673 K Ìõ¼þÏÂ£¬Δ G = 0 Ê±£¬ÓÐ

1n aC = 0. 41n aP - 1. 132
µ± [ % P] = 0. 3 Ê±£¬¿ÉµÃ aC = 0. 244£¬¼´¿ÉËã

³ö [ % P] = 3. 8£¬¿ÉÖª£¬ÃÌÌúÖÐ [ % C] = 3. 8 Ê±£¬

( P2O5 ) ²»±» [ C ] »¹Ô£¬́ËÊ± [ P ]¡¢[ C ] ¶¼»á±»Ñõ»¯£¬
[ C ] ±»Ñõ»¯²úÉú CO ¿É¸ÄÉÆÑõ»¯ÍÑÁ×µÄ¶¯Á¦Ñ§£¬

µ± [ % C] <3. 8 Ê±£¬Ëæ×Å [ % C] µÄ½µµÍ£¬ÃÌÌúÖÐÃÌ
»î¶ÈÌá¸ß£¬ÃÌÑõ»¯ËðÊ§Ôö¼Ó¡£Òò´Ë [ % C]ÔÚ 3. 8 ×ó

ÓÒÊ±£¬Ñõ»¯ÍÑÁ×Ð§ÂÊ×î¸ß£¬ÕâÓëÎÄÏ× [ 6 ] µÄÑÐ¾¿½á
¹ûÏàÒ»ÖÂ¡£

5 ½á ÂÛ

5. 1 ¶ÔÓÚ¸ßÌ¼ÃÌÌú£¬Ñõ»¯ÍÑÁ×ÇÒ±£ÃÌµÄÑõÊÆÌõ

¼þÎª£º

lgPO2≤ - 36 030
T

+ 5. 970 + 2lgaMnO - 21gaMn

µ± T = 1 673 K, aMnO = 1 Ê±£¬Po2 <7. 867 ×
10 - 10Pa¡£
5. 2 CaO ÏµÔü²»ÄÜÊµÏÖÑõ»¯ÍÑÁ×±£ÃÌ£¬BaO Ïµ

Ôü¿ÉÊµÏÖÑõ»¯ÍÑÁ×±£ÃÌ¡£

5. 3 ¶ÔÓÚ BaO ÏµÔü£¬ÔüÖÐ BaO ºÍ MnO »î¶ÈºÜ

¸ßÊ±²Å¿ÉÄÜÊµÏÖÑõ»¯ÍÑÁ×±£ÃÌ£¬ÔÚ T = 1 673 K,
aBaO = 1£¬aMnO = 0. 78 Ìõ¼þÏÂ£¬[ % P] e = 0. 1¡£
5. 4 ÊÊµ±½µµÍ·´Ó¦ÎÂ¶È£¬ÓÐÀûÓÚÑõ»¯±£ÃÌÍÑ

Á×¡£

5. 5 ¸ßÌ¼ÃÌÌúÖÐ¹èº¬Á¿±ØÐëºÜµÍ²ÅÄÜÓÐÐ§Ñõ

»¯ÍÑÁ×±£ÃÌ£¬·ñÔòÍÑÁ×Ð§¹ûºÜ²î£¬ÉõÖÁÎÞÍÑÁ×Ð§

¹û¡£

5. 6 ¸ßÌ¼ÃÌÌúÔÚ 1 673 K Ìõ¼þÏÂ£¬[ C ] ±È [ P ] ¸ü
Ò×Óë ( MnO) ·´Ó¦£¬Òò´Ë½µµÍÁËÑõ»¯¼ÁÀûÓÃÂÊ£¬Í¬
Ê±»¹ÄÜ²úÉú»ØÁ×ÏÖÏó¡£ÊÊµ±½µµÍÎÂ¶È£¬¿ÉÓÐÐ§¼õ

ÉÙ [ C ]µÄÑõ»¯£¬Í¬Ê±Ìá¸ßÍÑÁ×Ð§ÂÊ¡£
5. 7 1 673 K ÏÂ£¬µ± [ % C] = 3. 8 Ê±£¬ÍÑÁ×Ð§¹û

×î¼Ñ¡£
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