
Problem 4-71 (4-52 in 3rd Ed.) 
 
 
 
 
 
 
 
 
 

CaF2(s) + H2SO4(l) => CaSO4(diss) + 2HF(l) 
 
6HF(l) + SiO2(aq) => H2SiF6(s) + 2H2O(l) 
 

Other Equations DOF Analysis (Element) 
15% Excess Aq. Sulfuric Acid 
95% of ore dissolves 

 
 
 
 

 
𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶2,𝑖𝑖𝑖𝑖 =

960 𝑘𝑘𝑘𝑘 𝐶𝐶𝐶𝐶𝐶𝐶2
78 𝑘𝑘𝑘𝑘/𝑚𝑚𝑚𝑚𝑚𝑚

= 12.3 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐶𝐶𝐶𝐶𝐹𝐹2,𝑖𝑖𝑖𝑖 

𝑛𝑛𝐻𝐻2𝑆𝑆𝑂𝑂4,𝑖𝑖𝑖𝑖 = (12.3 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐶𝐶𝐶𝐶𝐹𝐹2) �
1.15 𝐻𝐻2𝑆𝑆𝑂𝑂4

𝐶𝐶𝐶𝐶𝐹𝐹2
� = 14.15 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐻𝐻2𝑆𝑆𝑂𝑂4,𝑖𝑖𝑖𝑖 

𝑚𝑚𝐻𝐻2𝑆𝑆𝑂𝑂4,𝑖𝑖𝑖𝑖 = �14.15 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐻𝐻2𝑆𝑆𝑂𝑂4,𝑖𝑖𝑖𝑖� �98
𝑘𝑘𝑘𝑘

𝑘𝑘𝑘𝑘 𝑚𝑚𝑚𝑚𝑚𝑚
� = 1387 𝑘𝑘𝑘𝑘 𝐻𝐻2𝑆𝑆𝑂𝑂4,𝑖𝑖𝑖𝑖  

𝑚𝑚2 = �1387 𝑘𝑘𝑘𝑘 𝐻𝐻2𝑆𝑆𝑂𝑂4,𝑖𝑖𝑖𝑖� �
𝑘𝑘𝑘𝑘 𝑚𝑚𝑚𝑚𝑚𝑚

0.93 𝑘𝑘𝑘𝑘 𝐻𝐻2𝑆𝑆𝑂𝑂4
� = 1491.5 𝑘𝑘𝑘𝑘 

𝑚𝑚𝐻𝐻2𝑂𝑂,𝑖𝑖𝑖𝑖 = (1491.5 𝑘𝑘𝑘𝑘)(0.07) = 104.4 𝑘𝑘𝑘𝑘    so 𝑛𝑛𝐻𝐻2𝑂𝑂,𝑖𝑖𝑖𝑖 = 104.4 𝑘𝑘𝑘𝑘

18 𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘

= 5.8 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑙𝑙  

𝑚𝑚𝑜𝑜𝑜𝑜𝑜𝑜,𝑜𝑜𝑜𝑜𝑜𝑜 = (1 − 0.95)(1000 𝑘𝑘𝑘𝑘 𝑜𝑜𝑜𝑜𝑒𝑒𝑖𝑖𝑖𝑖) = 50 𝑘𝑘𝑘𝑘 𝑜𝑜𝑜𝑜𝑒𝑒 

𝑛𝑛𝐶𝐶𝐶𝐶𝐶𝐶2,𝑜𝑜𝑜𝑜𝑜𝑜 =
(50 𝑘𝑘𝑘𝑘)(0.96)

78 𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘

= 0.6154 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝐶𝐶𝐶𝐶𝐹𝐹2,𝑜𝑜𝑜𝑜𝑜𝑜 

𝑛𝑛𝑆𝑆𝑆𝑆𝑆𝑆2,𝑜𝑜𝑜𝑜𝑜𝑜 =
(50 𝑘𝑘𝑘𝑘)(0.04)

60 𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘

= 0.0333 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑆𝑆𝑆𝑆𝑂𝑂2,𝑜𝑜𝑜𝑜𝑜𝑜 

 
 
Ca balance (in = out) 
(nCaF2,in)(1) = (nCaF2,out)(1) + (nCaSO4,out)(1)   so    nCaSO4,out = 12.3 – 0.6154 = 11.692 kg mol 
 
Si balance 
(nSiO2,in)(1) = (n SiO2,out)(1) + (nH2SiF6,out)(1)   so   nH2SiF6,out = �40 𝑘𝑘𝑘𝑘 𝑆𝑆𝑆𝑆𝑆𝑆2

60 𝑘𝑘𝑘𝑘
𝑘𝑘𝑘𝑘 𝑚𝑚𝑚𝑚𝑚𝑚

� −  .0333 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 𝑆𝑆𝑆𝑆𝑂𝑂2 = 0.6333 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 

 
F balance 
(nCaF2,in)(2) = (nCaF2,out)(2) + (nHF,out)(1) + (nH2SiF6,out)(6)   so   nHF,out =(12.3)(2) − (0.6154)(2) − (0.633)(6) = 19.6 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 
 

Species MW 
H2SO4 98 
CaF2 78 
HF 20 
SiO2 60 
H2SiF6 144 
H2O 18 
CaSO4 136 
H 1 
S 32 
Ca 40 
F 19 
Si 28 
O 16 

 

Ore

Aq. Sulfuric Acid

Basis: m1 = 1000 kg ore
xCaF2 = 0.96
xSiO2 = 0.04

nCaF2(s)
nSiO2(s)
nH2SO4
nH2O
nCaSO4
nHF
nH2SiF6

m2 = ? 
xH2SO4 = 0.93 
xH2O = 0.07 

U =  8 
E = -6 
NR = 0 
OE = -2 
DOF = 0 

Assume that the undissolved ore has the 
same composition as the original ore 



S balance 
(nH2SO4,in)(1) = (nH2SO4,out)(1) + (nCaSO4,out)(1)   so   nH2SO4,out =(14.15)(1) − (11.692)(1) = 2.5 𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘𝑘 
 
H balance 
(nH2SO4,in)(2) + (nH2O,in)(2) = (nH2SO4,out)(2) + (nH2O,out)(2) + (nHF,out)(1) + (nH2SiF6,out)(2)    

 
     So       nH2O,out = 0.5*[(14.15)(2) + (5.8)(2) – (2.5)(2) – (19.6)(1) – (0.6333)(2)] = 7.07 kg mol 


