CE/AE/EnSci 524 Solutions to Exercises Chapters 7 and 8
SOx Problems 7-2, 7-3 and 7-6

7-1  (1lb coal/11,000 BTU)(0.038/lb)(2SO2/S)(106)  = 5.45 lb SO2/106 BTU

(UER – 0.6)/UER  x 100  = 89%

7-2  (1lb coal/10,800 BTU)(0.0415/lb)(2SO2/S)(106)  = 7.59 lb SO2/106 BTU

For 6 – 12 lb/106 BTU, efficiency  = 90%
7-3  2% S, Q = 148,000 BTU/gal; Standard emission rate = 0.8 lb SO2/106 BTU  

Uncontrolled emission rate  
= (2 lb S/ 100 lb oil) 0.963 x 62.4 lb/ft3 x ft3/7.48 gal  x gal/148,000 x 2 lb SO2/lb S 

= 2.15 SO2/106 BTU, minimum efficiency = (2.15 – 0.8)/2.15 x 100  = 63% 
7-6  a) (1lb coal/11,500 BTU)(0.045/lb)(2SO2/S)(106)  = 6.96 lb SO2/106 BTU 

NSPS’ if UER = 6.12 lb/106 BTU, Efficiency = 90%

Lbsremoved/ton coal  = 2000 x 0.04 x 0.9 = 72 lb/ton coal

b) Assume 30% excess is 30% greater than amount needed to react with SO2 removed 

Mass CaCO3/S from stoichiometry = 100/32 = 3.125 lb/lb

For removal of 72 lb, 72 x 3.125 = 225 lb CaCo3/ton coal

Coal/day  = 500/0.33 x 1000 x 3413 BTU/kWh x 24h x lb/11,500 x ton/2000 lb


     =  5396 ton/day

Limestone/day = 5396 x 225/2000 x 1.3  =  789 ton/day

c)  5396 ton/d  x 0.065 ash/coal  = 350 ton ash/day

Reacted CaSO4.2H2O/d  = 225/2000  x 172/100  x 5396 ton/d  = 1044 ton CaSO4.2H2O
Unreacted CaCO3  = 0.3 x 225/2000 x 5396  = 182 tons CaCO3
Total mass solids = 350  +  1044  +  182  =  1576 ton/d
Total mass wet sludge = 1576/0.4   =  3940 ton/d

NOx problems 8-3, 8-5 and 8-11

8-3  O2 reqd  = 0.6/32  +  79.5/12  +  (3.7/20)0.5  =  7.57 mol/100 lb coal

O2 in fuel  = 4.7/32  = 0.147 mol

Stoichiometric O2 reqd  =  7.57 – 0.147  = 7.423 mol

20% excess O2 = 7.423 x 1.2  = 8.9 mol and N2 from air = 0.79/0.21 x 8.9 =  33.48 mol
SO2  =  0.6/32 = 0.019 mol;  CO2 = 6.625 mol; H2O  = 1.85 mol

a) N2 + O2  ( 2NO or 0.64  x 50% conversion  = 0.032 mol 
Concentration = 0.032/(8.9-7.42 + 33.48 + 0.019 + 6.625 + 1.85) x 106  =  738 ppm

b) Similarly for 20% conversion, NO = 295 ppm 
8-5    0.1CO2  +  0.1H2O  +  0.7N2  +  0.1O2   (   0.1CO2  +  0.1H2O  + xNO  +  yN2  +  zO2

From Table 8-4: Kp  =  x2/yz [p/(x + y + z + 0.2]0  =  1.1 x 10-5
N balance: 1.4 = x + 2y  y = (1.4-x)/2
O balance: 0.2 = x + 2z  z = (0.2-x)/2

Substituting back into Kp  =  x2/yz   (  x = 8.75 x 10-4; y = 0.7; z = 0.1

NO = 875 ppm  (Check: Table 8.5, with some interpolation, would also roughly give ~ 1000ppm)
8-11  Fuel contains 0.3 % N all N ( NO
Since NO is small ignore first in balance

Mass balance of burning C10H20 with excess air ~ 119 mol air 

C10H20 + (15O2x 1.6) (O2  +  79/21 N2)  (  10CO2  + 10H2O  + 9O2  +  90.3 N2  =  119.3 mol
NO concentration  = 0.03/119  x 106  =  250 ppm

b) At 0.5% N in fuel, 0.03 x 0.5/03 ~ 420 ppm NO
