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  ∆   G 0


  w


  = 1 % × 1400 = 14   k g


  =  ( 3 % × 1400 ) +  ( 15 % × 5 % × 97 , 53 ) = 42 + 0 , 73 = 42 , 73


  2 M O + C = 2 M + C   O 2


  =  ( 6 % × 1400 )   +  ( 60 % × 5 % × 97 , 53 )   +  ( 5 % × 237 , 68 )


  2 M O + 2 C = 2 M + 2 C O


  𝜇


  = 84 + 2 , 9259 + 11 , 884


    % F e  m a k s   d a l a m   F e 3 O 4 =   3 ×   A r  F e    M r  F e 3 O 4 × 100 % =   3 × 56 232 × 100 % = 72 , 4 %


  = 98 , 8099   k g


  ∆   G 0


  =  ( 2 % × 1400 )   +  ( 20 % × 5 % × 97 , 53 )   +  ( 88 % × 237 , 68 )


  ∆   G 0


  = 28 + 0 , 9753 + 209 , 1584


  = 238 , 1337   k g


  ∆   G 0


  = 7 % × 237 , 68 = 16 , 6376   k g


  K =     a  M n ∙   p  H 2 O    a  M n O ∙   p  H 2


  = 5 % × 5 % × 97 , 53 = 0 , 243825   k g


    a  M n


  𝜓 = 160   ( R   e ′ )  − 1 + 3 , 1   ( R   e ′ )  − 0 , 1


    a  M n O


  𝜌 ∙ w = 1 , 5 ×  10  − 3    (   4000 × 10 3600 ) 2 ∙  1273 273 ∙  1  1 , 6 = 53 , 97


  K =     p  H 2 O    p  H 2


  𝜓 = 1 , 515


  M +   O 2 = M   O 2


    ∆ P  H = 310   g r /   s e c 2 ∙   c m 2


  K =     a  M O 2    a  M ∙   p  O 2


                = 3 , 16   m m     H 2 O / c m


                = 3 , 16   m m     H 2 O / c m


  M   O 2 = M +   O 2  


 


  R +   O 2 =   R O 2


 


  


 


  ∆   G 0


  ∆   G 0 = − R   T   l n       a  M O 2    a  M ∙   p  O 2


 


  


  ∆   G 0


    M O 2 + C O = M +   C O 2  


 


  B a s i s i t a s =   ( C a O + M g O )  ( S i   O 2 +   A l 2   O 3 ) =   ( 15 , 61 + 1 , 09 )  ( 6 , 477 + 2 , 8 ) =   16 , 7  9 , 277 = 1 , 8


  


 


  ∆   G 0


  𝜇


  𝜇


  M O +   H 2 = M +   H 2 O


  ∆   G 0 = − R   T   l n       H 2    H 2 O


  −   P d P  d H = K ∙ T ∙   w 0  n


  3   F e 2   O 3 + C O → 2   F e 3   O 4 + C   O 2       ;   ∆ H 298 0 = − 52 , 85   k J


    ∆ G 298 0 = − 58 , 739   k J


  3   F e 2   O 3 +   H 2 → 2   F e 3   O 4 +   H 2 O       ;   ∆ H 298 0 = − 4 , 86   k J       ;   ∆ G 298 0 = − 30 , 137   k J


  w


    F e 3   O 4 + C O → 3 F e O + C   O 2                 ;   ∆ H 298 0 = + 36 , 46   k J


  ;   ∆ G 298 0 = + 17 , 986   k J  


    P  b 2 −   P  t 2 = 2 K T   w 0  n H


    F e 3   O 4 +   H 2 → 3 F e O +   H 2 O                   ;   ∆ H 298 0 = + 84 , 45   k J ;   ∆ G 298 0 = + 46 , 588   k J


    F e 2   O 3 + 3   H 2 → 2 F e + 3   H 2 O ,           ∆ H 298 = + 100   k J


    P  b 2 −   P  t 2 = K ′ ∙   V  n


  F e O + C O → F e + C   O 2                                   ;   ∆ H 298 0 = − 17 , 13   k J ;   ∆ G 298 0 = − 11 , 460   k J


    F e 2   O 3 + 3 C O → 2 F e + 3   C O 2 ,           ∆ H 298 = − 23 , 5   k J


  F e O +   H 2 → F e +   H 2 O                                   ;   ∆ H 298 0 = + 30 , 86   k J ;


    C  f i k s = 100 − ( A + V . M . +   H 2 O )


  C +   H 2 O → C O +   H 2


    F e 2   O 3 + 3 C O → 2 F e + 3 C   O 2               ;   ∆ H 298 0 = − 27 , 52   k J


   (   P  b 1 +   P  t 1 )  (   P  b 1 −   P  t 1 ) = 2   P 1 ∆   P 1 =   K ′ ∙   V  n


  ≈


    F e 2   O 3 +   3 H 2 → 2 F e +   3 H 2 O               ;   ∆ H 298 0 = − 88 , 44   k J


  ∆   P 1


  C +   C O 2 = 2 C O


  ±


  3   F e 2   O 3 + C → 2   F e 3   O 4 + C O       ;   ∆ H 298 0 = + 119 , 62   k J


   (   P  b 2 −   P  t 2 ) = 2   P 2 ∆   P 2 = K ′ ∙   V  n


    F e 3   O 4 + C → 3 F e O + C O                   ;   ∆ H 298 0 = + 208 , 93   k J


  F e O + C → F e + C O                                     ;   ∆ H 298 0 = + 155 , 34   k J


    P  b 2 =   ( 2   P 1 ∙ ∆   P 1 +   P  t 2 2 )   1 2


   ∑    m  m a s u k =  ∑    m  k e l u a r


  ∆   P 1 = 2 , 5 − 1 , 1 = 1 , 4   a t m


    m 1 +   m 2 +   m 3 +   m 4 =   m 5 +   m 6 +   m 7


    m 1 +   m 2 +   m 3 +   m 4 =   m 5 +   m 6 +   m 7


    P 1 =   2 , 5 + 1 , 1 2 = 1 , 8   a t m


  ( 𝜂 )


  ∙


    m 1 +   ( 0 , 25 × m 1 ) + 900 +   m 4 =   m 5 + 1000 +   m 7


  ∙


  


  𝜂 =   % C O 2  ( % C O + % C   O 2 )


  ∙


  ∙


   ∑    m   F e  m a s u k =  ∑    m   F e  k e l u a r


  ∙


    m  F e ,       b i j i h   b e s i =   m  F e ,       p i g   i r o n +   m  F e ,       s l a g


    m  F e ,       b i j i h   b e s i =   m  F e ,       p i g   i r o n +   m  F e ,       s l a g


  ( 𝜂 )


  𝜇


   ( 99 , 5 + 0 , 5 ) % × 78 % ×   m 1 ×   2 × A r F e  M r   F e 2   O 3 =  ( 92 , 7 % × 1000 ) + 0 , 5 % × 78 % ×   m 1 ×   2 × A r F e  M r   F e 2   O 3


  ∆


  𝜇


   ( 99 , 5 + 0 , 5 ) % × 78 % ×   m 1 ×   2 × A r F e  M r   F e 2   O 3 =  ( 92 , 7 % × 1000 ) + 0 , 5 % × 78 % ×   m 1 ×   2 × A r F e  M r   F e 2   O 3


  99 , 5 % × 78 % ×   m 1 ×  112 160 = 927


  99 , 5 % × 78 % ×   m 1 ×  112 160 = 927


  0 , 7761 ×   m 1 × 0 , 7 = 927


  0 , 7761 ×   m 1 × 0 , 7 = 927


  v =   − d ( O )  A . d t = k  (   p 0 −   p ∗ ) = k ′ (   C 0 −   C ∗ )


    m 1 = 1706 , 33   k g


  𝜇


  𝜇


    m 2 = 0 , 25 ×   m 1


    m 2 = 0 , 25 × 1706 , 33


    m 2 = 426 , 58   k g


  J =   d n  A . d t = − D   d c  d x


  m   F e O   d i   d a l a m   s l a g = 0 , 5 % × 78 % ×   m 1 ×   2 × A r F   e  M r     F e 2   O 3 ×   M r   F e O  A r   F e


  ∙


  −   d c  d x


  ∙


  0 , 5 % × 78 % × 1706 , 33 ×  72 56 ×  112 160


  ∙


  5 , 99   k g


  ∆


  J =   D . (   c 0 − c )  y


   ∑    m   S i O  2 ,       m a s u k =  ∑    m   S i O  2 ,       k e l u a r


  ∆


   ( 8 , 4 % ×   m 1 ) +  ( 2 % ×   m 2 ) +  ( 9 % × 900 ) =   m  S i O 2 ,       s l a g + ( 2 % × 1000 ×   M r   S i   O 2  A r   S i )


  J =   D  y . R T (   p 0 − p )


      P 2    P 1 =   1 , 3  1 , 75 = 1 , 565


   ( 8 , 4 % ×   m 1 ) +  ( 2 % ×   m 2 ) +  ( 9 % × 900 ) =   m  S i O 2 ,       s l a g + ( 2 % × 1000 ×   M r   S i   O 2  A r   S i )


   ( 8 , 4 % × 1706 , 33 ) +  ( 2 % × 426 , 58 ) +  ( 9 % × 900 ) =   m  S i O 2 ,       s l a g + ( 2 % × 1000 ×  60 28 )


   ( 8 , 4 % × 1706 , 33 ) +  ( 2 % × 426 , 58 ) +  ( 9 % × 900 ) =   m  S i O 2 ,       s l a g + ( 2 % × 1000 ×  60 28 )


  P = k   × S  s p × 𝜌 ×  (   1 − 𝜀  𝜀 )


  ∆


  143 , 33 + 8 , 53 + 81 =   m  S i O 2 ,       s l a g + 42 , 86


    P  b 2 =   P  t 2 + 1 , 4


  143 , 33 + 8 , 53 + 81 =   m  S i O 2 ,       s l a g + 42 , 86


  ∙


  𝜀


    P 2 = 2 , 82   a t m =     P  b 2 +   P  t 2 2


    m  S i O 2 ,       s l a g = 232 , 86 − 42 , 86


  𝜌


    m  S i O 2 ,       s l a g = 232 , 86 − 42 , 86


  2 , 82   a t m =    (   P  t 2 + 1 , 4 ) +   P  t 2 2


    m  S i O 2 ,       s l a g = 190   k g


    S  s p = 6 × f  |   ∑  i = 1  n   (   c  i   d  i ) | / 𝜌


  ∙


    P  t 2 = 2 , 1   a t m


   ∑    m     A l 2 O  3 ,       m a s u k =  ∑    m     A l 2 O  3 ,       k e l u a r


    P  b 2 = 2 , 1 + 1 , 4 = 3 , 5   a t m


   ( 5 % ×   m 1 ) + ( 1 % ×   m 3 ) =   m  A l 2 O 3 ,       s l a g


   ( 5 % ×   m 1 ) + ( 1 % ×   m 3 ) =   m  A l 2 O 3 ,       s l a g


   ( 5 % × 1706 , 33 ) + ( 1 % × 900 ) =   m  A l 2 O 3 ,       s l a g


  C +   C O 2 = 2 C O


   ( 5 % × 1706 , 33 ) + ( 1 % × 900 ) =   m  A l 2 O 3 ,       s l a g


    m  A l 2 O 3 ,       s l a g = 85 , 32 + 9


    m  A l 2 O 3 ,       s l a g = 85 , 32 + 9


    m  A l 2 O 3 ,       s l a g = 94 , 32   k g


    m  A l 2 O 3 ,       s l a g = 94 , 32   k g


   ∑    m   M n O  m a s u k =  ∑    m   M n O    k e l u a r


   ( 0 , 6 % × 1706 , 33 ) =   m  M n O ,       s l a g + ( 0 , 4 % × 1000 ×  71 55 )


   ( 0 , 6 % × 1706 , 33 ) =   m  M n O ,       s l a g + ( 0 , 4 % × 1000 ×  71 55 )


  8000 C + 0 , 333   V  b ∙   t  b = 2 , 1 ×  10 6 + 350 S + 0 , 337   V  g ∙   t  g + 3020 ×  10  − 2 ∙   V  g ∙ %   C O  g


  10 , 24 =   m  M n O ,       s l a g + 5 , 164


  ≥


  10 , 24 =   m  M n O ,       s l a g + 5 , 164


    m  M n O ,       s l a g = 5 , 1   k g


  ≥


    m  M n O ,       s l a g = 5 , 1   k g


  ≥


   ∑    m   C a O  m a s u k =  ∑    m   C a O    k e l u a r


  ≥


   ( 96 % × 426 , 58 ×   M r   C a O  M r   C a C   O 3 ) =   m  C a O ,       s l a g


   ( 96 % × 426 , 58 ×   M r   C a O  M r   C a C   O 3 ) =   m  C a O ,       s l a g


  ≥


    m  C a O ,       s l a g =  ( 96 % × 426 , 58 ×   M r   C a O  M r   C a C   O 3 )


    m  C a O ,       s l a g =  ( 96 % × 426 , 58 ×   M r   C a O  M r   C a C   O 3 )


  ≤


    m  C a O ,       s l a g =  ( 96 % × 426 , 58 ×  56 100 )


  N i l a i   E n s l i n    ( E ) =   V  P × 100 %


    m  C a O ,       s l a g =  ( 96 % × 426 , 58 ×  56 100 )


  ≤


    m  C a O ,       s l a g = 229 , 33   k g


  ≤


    m  C a O ,       s l a g = 229 , 33   k g


  ≤


   ∑    m   M g O  m a s u k =  ∑    m   M g O    k e l u a r


  ≤


   ( 1 , 2 % × 1706 , 33 ) +  ( 2 % × 426 , 58 ×   M r   M g O  M r   M g C   O 3 ) =   m  M g O ,       s l a g


   ( 1 , 2 % × 1706 , 33 ) +  ( 2 % × 426 , 58 ×   M r   M g O  M r   M g C   O 3 ) =   m  M g O ,       s l a g


  ≥


    m  M g O ,       s l a g =  ( 2 % × 426 , 58 ×  40 84 ) + ( 1 , 2 % × 1706 , 33 )


    m  M g O ,       s l a g =  ( 2 % × 426 , 58 ×  40 84 ) + ( 1 , 2 % × 1706 , 33 )


  ≥


  ∙


    m  M g O ,       s l a g = 4 , 06 + 20 , 47


  ≥


    m  M g O ,       s l a g = 4 , 06 + 20 , 47


  ∙


    m  M g O ,       s l a g = 24 , 53   k g


  C +   O 2 + 𝛽 ∙   N 2 →   C O 2 + 𝛽 ∙   N 2   ;   ∆ H = − 406 , 12   k J


  % d e r a j a t   r e d u k s i =   100  (   n 0 − n )    n 0


    m  M g O ,       s l a g = 24 , 53   k g


  ≥


    C H 4 + 2   O 2 + 2 𝛽 ∙   N 2 →   C O 2 +   2 H 2 O + 2 𝛽 ∙   N 2           ∆ H = − 804   k J


  ~


   ∑    m     P 2   O 5  m a s u k =  ∑    m     P 2   O 5    k e l u a r


  ~


  ≤


   ( 1 , 7 % × 1706 , 33 ) =   m  P 2 O 5 ,       s l a g +  ( 0 , 9 % × 1000 ×  142 62 )


  C + 0 , 5   O 2 + 0 , 5 𝛽 ∙   N 2 → C O + 0 , 5 𝛽 ∙   N 2     ;   H = − 116 , 83   k J


   ( 1 , 7 % × 1706 , 33 ) =   m  P 2 O 5 ,       s l a g +  ( 0 , 9 % × 1000 ×  142 62 )


  ≤


    C H 4 + 0 , 5   O 2 + 0 , 5 𝛽 ∙   N 2 → C O +   2 H 2 + 0 , 5 𝛽 ∙   N 2 ∆ H = − 35 , 6   k J


    m  P 2 O 5 ,       s l a g = 29 − 20 , 61


  ≤


    m  P 2 O 5 ,       s l a g = 8 , 39   k g


    m  P 2 O 5 ,       s l a g = 8 , 39   k g


  ≤


  ~


  C +   C O 2 → 2 C O     ;   ∆ H = + 172 , 47   k J


  ≤


  ~


  C +   H 2 O → C O +   H 2       ;   ∆ H = + 124 , 48   k J


  ∆


    I  g , c = 0 , 5  [  (   I 40 − 3 , 42   I 10 + 100 ) +  ( C S R ) − 2 , 6 C R I + 100 ]


  ∆


  ∙


  ~


  ∆


  C + 0 , 5   O 2 + 0 , 5 𝛽 ∙   N 2 → C O + 0 , 5 𝛽 ∙   N 2   ;   ∆ H = − 116 , 83   k J


  ~


  ∆


  D C I =   t  H M +   ∆ C  2 , 57 ×  10  − 3 − [ 1430 − 190 ×  ( 1 , 23 −   C a O    S i O 2 ) ]


    C H 4 + 0 , 5   O 2 + 0 , 5 𝛽 ∙   N 2 → C O +   2 H 2 + 0 , 5 𝛽 ∙   N 2 ∆ H = − 35 , 6   k J


  ∆


  ~


  𝛽


  ∆ C


  𝛽


  ~


  𝛽


  ~


  ∆


  ~


    t  f =     Q  c +   Q  s +   I  c +   V  b l ∙   I  b l    c 0 ∙   V  g         ,   C   0


  ~


    t  f


  ~


    Q  c


  𝜏 =   24 ∙   V  B F  P ∙   V  m


  ~


    Q  s


    I  c


  ~


  𝜏


    V  b l


    I  b l


  ~


    c 0


  m o l   C a C   O 3 =   m   C a C   O 3  M r   C a C   O 3 =   96 % × 426 , 58 100 = 4 , 1   k m o l


    V  g


  m o l   C   O 2 = m o l   C a C   O 3 = 4 , 1   k m o l


  m o l   C   O 2 = m o l   C a C   O 3 = 4 , 1   k m o l


   [ F e ] +   0 , 5 O 2 →  ( F e O )               ∆ H = − 272 , 17   k J


  m o l     O 2 = m o l   C   O 2 = 4 , 1   k m o l


   [ M n ] +   0 , 5 O 2 →  ( M n O )           ∆ H = − 403 , 75   k J


   [ S i ] +   O 2 →  ( S i   O 2 )                             ∆ H = − 856 , 16   k J


  R R = 2 × % C  ( b a t u   b a r a ) + 2 , 5 × % H  ( b a t u   b a r a ) − 2


  m o l   M g C   O 3 =   m   M g C   O 3  M r   M g C   O 3 =   2 % × 426 , 58 84 = 0 , 1   k m o l


  × % k e l e m b a b a n  ( b a t u   b a r a ) − 86 + 0 , 9 × % a b u ( b a t u   b a r a )


  2  [ P ] +   2 , 5 O 2 →  (   P 2   O 5 )             ∆ H = − 1574 , 81   k J


  m o l   C   O 2 = m o l   M g C   O 3 = 0 , 1   k m o l


  m o l   C   O 2 = m o l   M g C   O 3 = 0 , 1   k m o l


   [ C ] +   0 , 5 O 2 → C O                                 ∆ H = − 116 , 83   k J


  m o l     O 2 = m o l   C   O 2 = 0 , 1   k m o l


  m     O 2 = m   S i   O  2 ,       m a s u k − m   S i   O  2 ,       s l a g − m     S i  p i g   i r o n = 232 , 86 − 190 − 20 = 22 , 86   k g


  m o l     O 2 =   22 , 86 32 = 0 , 71   k m o l


    𝜼  𝑪 𝑶 , %


  m o l     O 2 = m o l   S i =   m     S i  p i g   i r o n  A r   S i =  20 28 = 0 , 71   k m o l


  m o l     O 2 = m o l   S i =   m     S i  p i g   i r o n  A r   S i =  20 28 = 0 , 71   k m o l


  m     O 2 = m     M n O      m a s u k − m   M n   O  s l a g − m     M n  P i g   i r o n = 10 , 24 − 5 , 1 − 4 = 1 , 14   k g


  m o l     O 2 =   1 , 14 32 = 0 , 036   k m o l


  m o l     O 2 =   1 , 14 32 = 0 , 036   k m o l


   ∑      m .  m a s u k −  ∑      m .  k e l u a r =  ∑      m .  a k u m u l a s i


   ∑      m .  m a s u k +  ∑      m .  y a n g   t e r b e n t u k −  ∑      m .  k e l u a r −  ∑      m .  y a n g   d i k o n s u m s i =  ∑      m .  a k u m u l a s i


  m o l   C O = m o l   M n =   m     M n  p i g   i r o n  A r   M n =  4 55 = 0 , 072   k m o l


  m o l     O 2 =  1 2 × m o l   C O = 0 , 036   k m o l


  m o l     O 2 =  1 2 × m o l   M n =  1 2 ×   m     M n  p i g   i r o n  A r   M n =  1 2 ×  4 55 = 0 , 036   k m o l


  M r     F e 2   O 3 =  ( 2 × 56 )   +  ( 3 × 16 ) = 160


  M r   M n O =  ( 1 × 55 )   +  ( 1 × 16 ) = 71


  m     O 2 = m       P 2   O 5      m a s u k − m     P 2   O  5 ,       s l a g − m       P  p i g   i r o n = 29 − 8 , 39 − 9 = 11 , 61   k g


  M r     A l 2   O 3 =  ( 2 × 27 )   +  ( 3 × 16 ) = 102


  m o l     O 2 =   11 , 61 32 = 0 , 362   k m o l


  M r     A l 2   O 3 =  ( 2 × 27 )   +  ( 3 × 16 ) = 102


  M r   S i   O 2 =  ( 1 × 28 ) +  ( 2 × 16 ) = 60


  M r   S i   O 2 =  ( 1 × 28 ) +  ( 2 × 16 ) = 60


  m o l   P =   m     P  p i g   i r o n  A r   P =  9 31 = 0 , 29   k m o l


  M r   C a O =  ( 1 × 40 )   +  ( 1 × 16 ) = 56


  −   G  T   d Ω  d x = M K  ( 1 + 𝜀 )  ( 1 − m ) F   C  O 2


  M r   C a O =  ( 1 × 40 )   +  ( 1 × 16 ) = 56


  m o l   C O =  5 2 × m o l   P =  5 2 × 0 , 29 = 0 , 725   k m o l


  M r     H 2   O  =  ( 2 × 1 )   +  ( 1 × 16 ) = 18


  m o l   C O =  5 2 × m o l   P =  5 2 × 0 , 29 = 0 , 725   k m o l


  M r     H 2   O  =  ( 2 × 1 )   +  ( 1 × 16 ) = 18


  −   G  T


  M r   S   O 3 =  ( 1 × 32 ) +  ( 3 × 16 ) = 80


  M r   S   O 3 =  ( 1 × 32 ) +  ( 3 × 16 ) = 80


  m o l     O 2 =  1 2 × m o l   C O =  1 2 × 0 , 725 = 0 , 362   k m o l


    d Ω  d x


    B 1 =   C a O  S i   O 2


  M r   M g O =  ( 1 × 24 )   +  ( 1 × 16 ) = 40


  M r   M g O =  ( 1 × 24 )   +  ( 1 × 16 ) = 40


    B 2 =   C a O + M g O  S i   O 2


  M r   S   O 2 =  ( 1 × 32 ) +  ( 2 × 16 ) = 64


  𝜀


  m o l     O 2 =  5 2 ×  1 2 m o l   P =  5 4 × 0 , 29 = 0 , 362   k m o l


  M r   S   O 2 =  ( 1 × 32 ) +  ( 2 × 16 ) = 64


    B 3 =   C a O + M g O  S i   O 2 +   A l 2   O 3


  M r     O 2 =  ( 2 × 16 ) = 32


  M r     O 2 =  ( 2 × 16 ) = 32


  M r     N 2 =  ( 2 × 14 ) = 28


  m     O 2 = m       F e 2   O 3      m a s u k − m   F e   O  s l a g − m       F e  p i g   i r o n = 1330 , 94 − 5 , 99 − 927 = 397 , 95   k g


  M r     N 2 =  ( 2 × 14 ) = 28


  m o l     O 2 =   397 , 5 32 = 12 , 42   k m o l


  M r   F e O =  ( 1 × 56 )   +  ( 1 × 16 ) = 72


  m o l     O 2 =   397 , 5 32 = 12 , 42   k m o l


    T  l i k u i d u s ( K ) = 958 + 656 , 9   X  S i   O 2 + 1040 , 7   X  C a O + 1343 , 2   X    A l 2   O 3 + 1090 , 5   X  M g O + 137   X    N a 2 O − 668   X    K 2 O + 408 , 7   X    L i 2 O + 522   X  F e O + 760 , 9   X  M n O + 1022   X  C r O + 794   X    F e 2   O 3 + 2198   X    C r 2   O 3 − 532   X  C a   F 2 + 844   X  T i   O 2 − 12 , 6   X    B 2   O 3 + 1207   X  B a O + 1768   X  S r O + 2234   X  Z r   O 2


  M r   F e O =  ( 1 × 56 )   +  ( 1 × 16 ) = 72


  M r   C O =  ( 1 × 12 )   +  ( 1 × 16 ) = 28


  M r   C O =  ( 1 × 12 )   +  ( 1 × 16 ) = 28


  m o l   F e =   m     F e  p i g   i r o n  A r   F e =  927 56 = 16 , 55   k m o l


  M r   C   O 2 =  ( 1 × 12 ) +  ( 2 × 16 ) = 44


  M r   C   O 2 =  ( 1 × 12 ) +  ( 2 × 16 ) = 44


    T  g  ( K ) = 1028 − 26   X  S i   O 2 + 189 ,   X  C a O − 95 , 6   X    A l 2   O 3 − 996   X    N a 2 O − 600   X    K 2 O − 850   X    L i 2 O − 59760   X  M g O + 7034   X  C a   F 2 − 6366   X  M n O + 3608   X  F e O


  m o l   C O =  3 2 × m o l   F e =  3 2 × 16 , 55 = 24 , 83   k m o l


  C a C   O 3 = C a O + C O


  m o l   C O =  3 2 × m o l   F e =  3 2 × 16 , 55 = 24 , 83   k m o l


  m o l     O 2 =  1 2 × m o l   C O =  1 2 × 24 , 83 = 12 , 42   k m o l


  F e O + C = F e + C O


    C  p   s l a g =  ∑   (  (   X 1   C  p 1 ) +  (   X 2   C  p 2 ) +  (   X 3   C  p 3 ) +  (   X 4   C  p 4 ) )


  m o l     O 2 =  1 2 × m o l   C O =  1 2 × 24 , 83 = 12 , 42   k m o l


  88 % × 1400 × 95 % = 1170 , 4   k g


     (   H  T −   H 298 )  s l a g =   ∫ 298  T    C  p   s l a g d T


  S i   O 2 + 2 C = S i + 2 C O


    1170 , 4  M r     F e 2   O 3 =   1170 , 4 160 = 7 , 315   k m o l


  ∆   H  f u s


  m o l     O 2 =  3 4 × m o l   F e =  3 4 × 16 , 55 = 12 , 42   k m o l


   2 1 × m o l     F e 2   O 3 = 2 × 7 , 315 = 14 , 63   k m o l


  M n O + C = M n + C O


  ∆   H  f u s =   T  l i k u i d u s ∙ ∆   S  f u s


  m o l   F e O × M r   F e O = 14 , 63 × 72 = 1053 , 36   k g


  ∆   S  f u s =  ∑   (  (   X 1   ∆ S  f u s ,     1 ) +  (   X 2   ∆ S  f u s ,     2 ) +  (   X 3   ∆ S  f u s , 3 ) + … +  (   X  n   ∆ S  f u s ,     n ) )


  = 1232 − 1170 , 4 = 61 , 6   k g


    P 2   O 5 + 5 C = 2 P + 5 C O


    T  l i k u i d u s


  = m o l     F e 2   O  3   y a n g   t e r e d u k s i = 7 , 315   k m o l


  ∆   S  f u s


  F e S + C a O + C = C a S + F e + C O


  = m o l   C O × M r   C O = 7 , 315 × 28 = 204 , 82   k g


    C  p   g l =   a ′ + b ′ T


    = 1170 , 4   k g


  C +     ( O 2 +   N 2 )  u d a r a =   C O 2 +   N 2


    a ′ =   C    p  s c l T g


    = 61 , 6   k g


    b ′ = 2  {    (  ∆    T  l i k u i d u s −   T  g ) − a ′    T  l i k u i d u s +   T  g }


    = 1053 , 36   k g


    C O 2 + C = 2 C O


  = 204 , 82   k g


  ∆ =    (   H  T   l i k u i d u s −   H 298 )  k r i s t a l i n −    (   H  T g −   H 298 )  g e l a s


  C +   H 2 O = C O +   H 2


  B e r a t   k e r j a =     C  w +   H  w +   S  w +   O  w +   N  w +   W  w +   A  w = 100 %


  B e r a t   k e r i n g =     C  d +   H  d +   S  d +   O  d +   N  d +   A  d = 100 %


  ≈


  B e r a t   y a n g   b i s a   t e r b a k a r =     C  c +   H  c +   S  c +   O  c +   N  c = 100 %


  𝜌 =   M  V


  =  1 2 × m o l   C O =  1 2 × 7 , 315 = 3 , 6575   k m o l


   ∑    m o l   C  m a s u k =  ∑    m o l   C  k e l u a r


  ~


  V =  ∑   (  (   X 1   V 1 ) +  (   X 2   V 2 ) +  (   X 3   V 3 ) + (   X 4   V 4 ) + … + (   X  n   V  n )


   ( 88 % × 900 ×  1 12 ) +  ( 96 % × 426 , 58 ×  1 100 ) +  ( 2 % × 426 , 58 ×  1 84 ) + m o l     C  g a s   b u a n g =   4 % × 1000 12


  =  1 2 × m o l   C O =  1 2 × 7 , 315 = 3 , 6575   k m o l


    V  S i   O 2 =  ( 19 , 55 + 7 , 97   X  S i O 2 )


   ( 88 % × 900 ×  1 12 ) +  ( 96 % × 426 , 58 ×  1 100 ) +  ( 2 % × 426 , 58 ×  1 84 ) + m o l     C  g a s   b u a n g =   4 % × 1000 12


  ~


  V =  1 18 g    (   𝜌  d r o p −   𝜌  s l a g )    𝜇  s l a g    (   𝜙  d r o p ) 2


    V    A l 2   O 3 =  ( 28 , 3 + 32   X    A l 2   O 3 − 31 , 45   X    A l 2   O 3 2 )


  66 + 4 , 1 + 0 , 1 + m o l     C  g a s   b u a n g = 3 , 33


  = m o l     C O 2 = 3 , 6575   k m o l


  66 + 4 , 1 + 0 , 1 + m o l     C  g a s   b u a n g = 3 , 33


  𝜂


  V


  m o l     C  g a s   b u a n g = 66 , 87   k m o l


  = m o l     O 2 = 3 , 6575   k m o l


  m o l     C  g a s   b u a n g = 66 , 87   k m o l


  𝜂  ( d P a s ) =   A  w ∙ T ∙ exp ⁡ (     B  w  T )


    𝜌  d r o p


    𝜌  s l a g


   100 90 × 7 , 315 × 12 = 97 , 53   k g


    A  w =  exp ⁡  ( − 19 , 81 + 1 , 73   X  ′ C a   O ′ + 5 , 82   X  ′ C a F 2 ′ + 7 , 02   X  ′ N a 2 O ′ − 35 , 76   X  ′ A l 2 O 3 ′


    𝜇  s l a g


    B  w = 31140 − 23896   X  ′ C a   O ′ − 46356   X  ′ C a F  2 ′ − 39159   X  ′ N a 2   O ′ + 68833   X  ′ A l 2 O 3 ′


  m o l   C O =  2 3 × 66 , 87 = 44 , 58   k m o l = 44 , 58 × 28


    𝜙  d r o p


  C O +   H 2 O =   C O 2 +   H 2


    X  ′ S i O 2 ′ =   X  S i O 2 +   X  P 2 O 5 +   X  T i O 2 +   X  Z r O 2


  m o l     O 2 =  1 2 × 44 , 58 = 22 , 29   k m o l


    X  ′ C a O ′ =   X  C a O +   X  M g O +   X  F e O +   X  F e 2 O 2 +   X  M n O +   X  N i O +   X  C r O +   X  Z n O +   X  C r 2 O 3


  m o l     O 2 =  1 2 × 44 , 58 = 22 , 29   k m o l


  M o l     O  2 ( 3 . 18 ) =   0 , 5 % × 97 , 53 32 = 0 , 015   k m o l


    X  ′ A l 2 O 3 ′ =   X  A l 2 O 3 +   X  B 2 O 3


  m o l   C   O 2 =  1 3 × 66 , 87 = 22 , 29   k m o l


    X  ′ N a 2 O ′ =   X  N a 2 O +   X  K 2 O +   X  L i 2 O


  m o l     O 2 =  1 1 × 22 , 29 = 22 , 29   k m o l


  =    100 21 × 4 , 412 = 20 , 99   k m o l


  m o l     O 2 =  1 1 × 22 , 29 = 22 , 29   k m o l


    X  ′ S i O 2 ′


    X  ′ C a O ′


    X  ′ A l 2 O 3 ′


  V o l   u d a r a =  100 21 × 26 , 85 = 127 , 86   k m o l = 2864 , 1     m 3


    X  ′ N a 2 O ′


    X  ′ C a F 2 ′


    X  ′ S i O 2 ′


    X  ′ C a O ′


    X  ′ A l 2 O 3 ′


   ∑    m o l     H 2 O  m a s u k =  ∑    m o l     H 2 O  k e l u a r


   ( 5 , 1 % × 1706 , 33 ) +  ( 2 % × 900 ) = m     H 2 O   g a s   b u a n g


    X  ′ N a 2 O ′


   ( 5 , 1 % × 1706 , 33 ) +  ( 2 % × 900 ) = m     H 2 O   g a s   b u a n g


    X  ′ C a F 2 ′


  C a   F 2 e f e k t i f = C a   F 2 − ( 2 , 5 ×   S i O 2 )


  2 C O =   C O 2 + C


  B a s i s t a s     =    (   C a O + M g O  S i   O 2 +   A l 2   O 3 )  d a l a m   s i n t e r


  ∙


  =  {    ( 2 % × 1400 ) +  ( 20 % × 5 % × 97 , 53 ) +  ( 88 % ×   m  Q . L ) +  ( 7 % ×   m  Q . L )   ( 6 % × 1400 ) +  ( 60 % × 5 % × 97 , 53 ) +  ( 5 % ×   m  Q . L ) +  ( 3 % × 1400 ) +  ( 15 % × 5 % × 97 , 53 ) }


  =  {    ( 2 % × 1400 ) +  ( 20 % × 5 % × 97 , 53 ) +  ( 88 % ×   m  Q . L ) +  ( 7 % ×   m  Q . L )   ( 6 % × 1400 ) +  ( 60 % × 5 % × 97 , 53 ) +  ( 5 % ×   m  Q . L ) +  ( 3 % × 1400 ) +  ( 15 % × 5 % × 97 , 53 ) }


  =  (   28 + 0 , 9753 + 0 , 88 .   m  Q . L + 0 , 77 .   m  Q . L  84 + 2 , 9259 + 0 , 05   m  Q . L + 42 + 0 , 73 )


  P =   Q  K


  =  (   28 + 0 , 9753 + 0 , 88 .   m  Q . L + 0 , 77 .   m  Q . L  84 + 2 , 9259 + 0 , 05   m  Q . L + 42 + 0 , 73 )


  1 , 8 =  (   28 , 9753 + 0 , 95 .   m  Q . L  129 , 6559 + 0 , 05   m  Q . L )


  1 , 8 =  (   28 , 9753 + 0 , 95 .   m  Q . L  129 , 6559 + 0 , 05   m  Q . L )


  1 , 8  ( 129 , 6559 + 0 , 05 .   m  Q . L ) = 28 , 9753 + 0 , 95 .   m  Q . L


  P  (   T H M  h a r i ) =   J u m l a h   p a n a s   y a n g   m a s u k   p e r   h a r i  J u m a h   p a n a s   y a n g   d i b u t u h k a n   u n t u k   m e m p r o d u k s i   1   T H M


  1 , 8  ( 129 , 6559 + 0 , 05 .   m  Q . L ) = 28 , 9753 + 0 , 95 .   m  Q . L


  0 , 86 .   m  Q . L = 204 , 4047


  0 , 86 .   m  Q . L = 204 , 4047


  P  (   T H M  h a r i ) =   J u m l a h   g a s   t u y e r s   y a n g   d i p r o d u k s i   p e r   h a r i  J u m a h   g a s   t u y e r s     u n t u k   m e m p r o d u k s i   1   T H M


    m  Q . L = 237 , 68   k g


  = 1400   k g


  B P I =   P r o d u k s i   a k t u a l  T a r g e t   p r o d u k s i × 100


  = 97 , 53   k g


  6 C   O 2 + 6   H 2 O =   C 6   H 12   O 6 + 6   O 2 ,   ∆ H = 2926   k J


  K =     a  C ∙   a  D    a  A ∙   a  B


  = 237 , 68   k g


  K = 470 + 0 , 164 B + 0 , 249 Z − 1 , 006 S − 1 , 142 P − 0 , 093   t  b 0


  = 605 , 368   k g


  K =     a  S i O 2    a  S i ∙   a  O 2 =     a  S i O 2    a  S i ∙   p  O 2


  1400   k g + 97 , 53   k g + 237 , 68   k g + 605 , 368   k g = 2340 , 6   k g


  𝛾


    t  b 0


  = 16 , 578   k m o l


  =   M a s s a   m o i s t u r e   k o k a s  M r     H 2 O =   2 , 5 % × 97 , 53 18 = 0 , 135   k m o l


  a = 𝛾 ∙ N


  A = 5 , 746 ( D − 2 , 29 )


  𝛾


  =   M a s s a   V . M   k o k a s  𝜌   V . M   k o k a s ×  1  22 , 4 = 1 , 245 ×  10  − 4 k m o l


  𝛾


  𝛾


  = m o l     O  2   d i   u d a r a − m o l     O  2   y a n g   b e r e a k s i


  Q = 30 , 753 × A = 177 ( D − 2 , 29 )


  𝛾


  = 4 , 412 − 3 , 6725


  = 0 , 7395   k m o l


  K ′ =     a  ( S i O 2 )    a  [ S i ] ∙   a  O 2 =     a  ( S i O 2 )    ( w t %  S i ) ∙   p  O 2


  = 0 , 0152   k m o l


  = m o l   C O = 7 , 315   k m o l


  𝛾


    ∆ P  H = 𝜓 ∙   1 − 𝜀    𝜀 3 ∙   𝜌  d ∙   w 2  


    a   [ % S i ] = w t . %  [ S i ] ×   𝛾 ′  S i


  ≈


  ∆ P


  ∆   G 0 )


  H


  ≈  


  𝜓


  ∆   G 0 = ∆   H 0 − T ∙ ∆   S 0


  𝜀


  ∆   G 0 = − R   T   l n   K


  𝜌


  2 C O →   C O 2 + C


  ∆   G 0 )


  ∆   G 0 )


  w


  3 F e + C →   F e 3 C


  ∙


  ∆   G 0 )


  3 F e + 2 C O →   F e 3 C + C   O 2


  𝜓 = 1 , 75 +  150  R e ′  


  ∆   G 0 )


  R e ′ =   𝜌 ∙ w ∙ d  𝜂 ∙ ( 1 − 𝜀 )


  F e +   C  k o k a s →   F e 3 C


  ∙


  ∆   G 0 = R T   l n     𝛾 0 + R T   l n     W  A  100   W  B


    d 0 =   d 1 ∙ 𝜙


    𝛾 0


    d 1


  ∙


  𝜙


  ≈


  𝜙


  𝜙


  ∆   G 0 = − R   T   l n   K = R T  ln ⁡    p  o 2 = ∆   H 0 − T ∆   S 0


    ∆ P  H = 𝜓 ∙   1 − 𝜀    𝜀 3 ∙     𝜌 0  d ∙   w 0 2 ∙   T    T 0 ∙     P 0  P


  ∆   G 0


  = 61 , 6   k g


  ∆   G 0


  ∆   G 0 = R t  ln ⁡    p  O 2


  = 1053 , 36   k g


  𝜌

