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        F = P + W 

      F xf1 = P xp1 + W xw1 
                 F xf2 = P xp2 + W xw2 
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23 ( )HNO3 57 H2SO4 20 H2O 93 H2SO4

90 HNO3 27 HNO3 60 H2SO4

 
 

   x kg  
     y H2SO4 kg  
     z HNO3  
1  

0.57
0.20

z kg

0.23

y kg

0.60
0.13

0.27

0.07
0.930.90

0.10

3ONH

O
S2H

H 2
4O

H NO 3

2
2

H
H

O
OS 4

H S2 4O
OH 2

3ONH
2H O
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3 3 3 3
 

100kg  
       x + y + z=100                       (1) 

H2SO4      0.57x + 0.93y=100×0.6=60             (2) 
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HNO3      0.23x + 0.90z=100×0.27=27            (3) 
(1) (2) (3) x=41.8kg  

                     y = 39kg H2SO4 
                     z = 19.2kg HNO3 

41.8kg 39kg H2SO4 19.2kg HNO3 100kg  
 

 = 41.8× 0.2 + 39 × 0.07 + 19.2 × 0.10 = 13kg 
13 H2O  

H2SO4 HNO3 H2SO4

HNO3 H2O  
 

1
 

2  
3

 
 

 
 

50 30 20 (mol%)
1000 mol/ h 

II  

 
 

S2 S3 mol / h 
x3B x3T 3  

3  
A I    1000 S2  S3                        (1) 

  1000 × 0.5 0.95S2 x3B S3                  (2) 
  1000 × 0.3 0.03S2 x3T S3                (3) 

B II    S3 S4  S5                        (4) 
   x3B S3 0.03S4  0.0045 S5                (5) 
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  x3T S3 0.95S4  0.43 S5                  (6) 
C    1000 S2  S4  S5             (7) 

  1000 ×0.5 0.95S2  0.03S4  0.0045S5       (8) 
  1000 ×0.3 0.03S2  0.95S4  0.43S5       (9) 

9 6 1 4 7  
2 5 8 3 6 9

C( ) 2 4 5 S2 S4 S5

(7) (8) (9)  
(7) (8) (9)  

S2  520 mol / h 
S4  150 mol / h 
S5  330 mol / h 

A B  
S3  480 mol / h x3B 0.0125 x3T 0.5925 x3x 0.395 
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          F = P + W 
      MF = RP 
      RP = S +P 

A       F + R = MF 
B       S = R+ W 

 
 

  
 

 



 

 13 

 
 

 
4 1    

 

 
� Ek    
� EP    
� Ez  
� U     

 
1 Q  

 
2 W  

 

 
SI

(Btu)  
3 (H) 

 
H U PV 

    P ,V  
H=H(T P) 

H  

dP
P
H

dT
T
H

dH
TP

�
�

�
�
�

�

�

�
��

�

�
�
�

�

�

�

  

(�H � T)P CP ( �H � P)T

 


	
2

1
12

T

T pdTCHH  

4  
�T

Q Q mC�T 
 
 



 

 14 

4 2   
 

     

 
1  
�  

�H +�Ek + �EP  Q + W 
�  

�U +�Ek + �EP  Q + W 
�Ek 0 �EP 0  

�U  Q + W 
W  

2  
�  

Q = �H = H1 –H2  
Q = �U = U1 –U2  ( ) 

 
Q = H1 – H2  

       Q = U1 – U2   
�  

 
 

100mol 100kmol
 

 

0 273K) 25oC (298K
298K 298K
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Q = �U ( Q = �H (  
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�H �u2/2 g�Z �(PV) Q W 
1  

�P/ �u2/2 g�Z F W 
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1

T

T vv dTCnUQ  


�

2

1

T

T pp dTCnHQ  

2  

 

100oC latm �H 40.6kJ/mol
 

 
 

(�Hv T P  
(�Hm) T P  
(�Ht T P  

 

Reid, Prausnitz, Sherwood Properties of Gases and 
Liquids Perry, Chlton Chemical Engineers' Handbook 6th ed. 1984  

 
(Trouton)  
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�Hv bTb   kJ/mol 
(Chen)  

 
(Clausius-Clap eyron)  
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