Haber Processes

"On the other hand, I would hardly concentrated so hard on this problem had I not been convinced of the economic necessity of chemical progress in this field, and had I not shared the full Fichte's conviction that while the immediate object of science lies in its own development, its ultimate aim must be bound up in the molding influence which it exerts at the right time upon life in general and the whole human arrangement of things around us."      Fritz Haber

N2(g)    +    3H2(g)    EQ \o(→,←)     2 NH3(g)

	T (K)
	∆Gorxn (kJ mol-1)
	KP

	298
	-32.69
	5.4 x 105

	500
	9.66
	5.7 x 10-7


at 298 K and 1.0 bar  ∆Horxn = -91.80 kJ mol-1  ∆Sorxn = -198.0 J K-1 mol-1
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	Mole Percent of NH3 as a function of total pressures of the gases at 425 oC
	The composition of H2 + N2 and NH3 at equilibrium as a function of temperature


Keq =  EQ \f(aNH32, aN2 aH23)   ( KP =  EQ \f(PNH32, PN2 PH23) or KC =  EQ \f([NH3]2,[N2] [H2]3) or K =  EQ \f(NH32, N2 H23) 

Pi = i PT    (   KP = PT∆n Kand      Pi =  EQ \f(ni,V)  RT    (   KP = (RT)∆n KC
	
	N2
	+
	3 H2 
	 EQ \o(→,←)
	2NH3

	no
	1
	
	1
	
	0

	n
	1-x
	
	1-3x
	
	0+2x

	
	 EQ \f(1-x,2-2x) =  EQ \f(1,2) 
	
	 EQ \f(1-3x,2-2x) 
	
	 EQ \f(2x,2-2x) 


	K =  EQ \f(\b(\f(2x,2-2x))\s(2, ),\b(\f(1-3x,2-2x))\s(3, ) \f(1,2))   
  EQ \f(x2 (1-x),(1-3x)3)  =  EQ \f(Kc,16)  = 3.7 at 608 bar

Iterative solution

solve for the highest power
	x =  EQ \f(1,3) \b(1 - \r(3,\f(x2 (1-x),3.7))) 
xguess

xresult

0.165

0.272

0.272

0.251

0.251

0.255

0.255

0.255

NH3 =  EQ \f(x,1-x)  = .342  = 34 % 
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