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Analysis and Calculation on Recycling of the Sulfuric Acid Waste

from Sulfate Titanium Dioxide Production
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Abstract: To investigate recycling of sulfuric acid waste from titanium dioxide production

the material

balance of sulfuric acid during production was analyzed and the effect of heat released from acidolysis re—

actants diluted with concentrated sulfuric acids instead of water on the temperature of the reaction system

was also calculated. Finally conditions to achieve a 100% recycled use of the 50% concentrated sulfuric

acid in sulfate TiO, production were discussed. The results indicated that the minimum concentration of

the spent acid for acidulation of ilmenite was 50% and the acid concentration for reaction should be no

more than 81% to achieve a 100% recycled use of concentrated acid waste without external heat supply.
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Table 1 Distribution of H,SO, in sulfate TiO, process in a factory
H,50, 98% o
. o % o/l H,80, It ‘
3.0 29.64 0.91 23.04
100 15.00 1.53 38.73
5.2 260" 1.38 34.94
1.677 6.00 0.13 3.29
3.95 100. 00
1) 220 ~300 g/L :2) 60%
60% ~70% 60% 2.1
50% ( 1.55:1(98% ) 100 g
) 1.623 t 70% 50% 98%
1.893 t 20% ~25% s 83% 2,
(1 b
30% o n x 74. 655
Q_n+1.7983 (1)
2 Q— kJ/mol;
n— 1 mol H,SO, o
2
Table 2 Quantity of heat released from H,SO, diluted with concentrated sulfuric acids
/kg /mol /kJ
1%
98% 98 % n
0 155.00 28.01 1.550 1.556 1.004 -41.657
20 147.81 35.20 1.478 1.484 1.004 -39.726
30 142. 64 40.37 1.426 1.432 1.004 -38.335
40 135.68 47.33 1.357 1.362 1.004 —-36.465
50 125.82 57.19 1.258 1.263 1.004 -33.815
60 110.77 72.24 1.108 1.112 1.004 -29.770
2 2.2
H,S0,
o 60% o PTK20
98% 83% 3 o
71.46% (29.770/41.657 =71.46%) . 20D
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3 PTK20
Table 3 Chemical constituents of PTK20 ilmenite %
T102 TFe FeO SIOZ A12 03 CaO Mgo V2 05 Fe2 03
47.53 32.82 34.27 <3.00 3.37 0.73 7.72 0.095 8.8
4 100 g
Table 4 Quantity of heat released during the acidolysis of 100 g ilmenite by concentrated sulfuric acids
/(kJ * mol™") /mol /K]
1 AL, 0, +3H,50, =Al(S0,) ; +3H,0 ~150.799 0.033 -4.98
2 Ca0 +H,S0, = CaSO, +H,0 ~270.873 0.013 -3.52
3 FeO + H,50, =FeSO, + H,0 -121.250 0.476 -57.72
4 Fe,0, +3H,50, =Fe,( S0,) ; +3H,0 ~172.450 0.055 -9.48
5 TiO, + H,S0, =Ti0SO, +H,0 ~24.450 0.595 -14.55
6 MgO + H,S0, = MgSO, + H,0 ~154.933 0.193 -29.90
-120.15
150 C
100%
5 o
5 100%
Table 5 Acidolysis ratio of main constituents in ilmenite 211.46 C 164. 23
during reaction with sulfuric acids °C
/g /g 1%
MgO 5.64 3.61 89.33 R
Al O 1.56 1.49 84.08
2 100 ¢
Ca0 0.67 5.19 100. 00
Fe, 0,4 5.50 <0.50 98.49
TiO, 47.46 20.12 94.91
FeO 34.80 18.91 90.94 100 ¢
144 t 24 1. 27 t( 130 m’ )
100 g 7 o
—-110.05 kJ. 7
2.3 27 t
40 ~
200 C ( FeTiO;) . . 60%
H,S0, o 127 C 150 C
( FeTiO;) .H,SO, o 50%
0.657.1.419  4.187 kJ/( kg * C) S 141.39 C N
6 H,S0, 0
60% 100 ¢ 150 C
155 298% 135 ~65 C o
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6 100 g
Table 6 Temperature during the reaction between 100 g ilmenite and sulfuric acid
/k] /k] /°C /C
H,50, /% H, S0, AT, ATF* T, AT AT*** T
0 ~110.05 -41.657 -151.71 (2) (3) (4) 08.29  95.24  135.24 240.31 171.46  211.46
20 -110.05 -39.726 -149.78 (2) (3) (4) 84.76 82.13 122.13 233.56  166.64  206.64
30 -110.05 -38.335 -148.39 (2) (3) (4) 73.81 71.52 111.52 228.69 163.17  203.17
40 —-110.05 -36.465 -146.52 (2) (3) (4) 61.85 59.94 99.94 222.16 158.51 198.51
50 -110.05 -33.815 -143.87 (2) (3) (4) 45.77 44.35 84.35 212.89  151.90 191.90
60 ~110.05 -29.77 -139.82 (2) (3) (4) 26.50  25.68  65.68 198.75 141.81  181.81
70 -110.05 -22.73 -132.78 (2) (3) (4) 174.12  124.23  164.23
(ComAT"  (2) ;H,S0, ComAT*  (3); cComT  +nAH  (4),
AT .
AT** AT, 100 g ( ) 155 g98%
(31°C) 28.01 g . 1 =134/(98.29 +40) =96.9% 134 C
AT*** AT 100 g ) 155 g98% (31°C)
28.01 g 205 C n =205/(240.31 +40) =71.3% .
7 27 t
Table 7 Temperature during reaction between 27 t ilmenite and sulfuric acid
/°C /C
H,50,/% AT, AT, T, AT, AT, T,
0 103. 16 100.45 168. 45 227.82 171.21 196.21
20 96.32 93.79 161.79 220.98 166.07 191.07
30 91.39 88.99 156.99 216.05 162.37 187.37
40 84.76 82.53 150. 53 209.42 157.39 182.39
50 75.37 73.39 141.39 200.03 150. 33 175.33
60 61.04 59.43 127.43 185.7 139.56 164.56
70 36.47 35.51 103.51 161.13 121.09 146.09
80 - - - 109.26 82.11 107. 11
1n=160/(103.16 +68) x100% =97% -
1n=190/(227.82 +68) x100% =64.2% .
“«_ 96 C( 1100 m ) T, 96 C
50% o
175.3 C. 50% (
190 °C ( ) 100%
60%) 8 . 8
o 1.623 ~1.823 t 50% 100%
82% o
o 50% 100%
50% o
50% -
3 K
38:34:23 .
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Table 8 Quantity of recycled concentrated acids under different acidolysis conditions t/t
1%
1.54:1 1.55:1 1.56:1 1.57:1 1.58:1 1.59:1
88 0.916 0.922 0.928 0.934 0.94 0.946
87 1.019 1.026 1.032 1.039 1.046 1.052
86 1.125 1.132 1.139 1.147 1.154 1.161
85 1.233 1.241 1.249 1.257 1.265 1.273
84 1.343 1.352 1.361 1.369 1.378 1.387
83 1.457 1.466 1.476 1.485 1.494 1.504
82 1.573 1.583 1.593 1.603 1.614 1.624
81 1.692 1.703 1.714 1.725 1.736 1.747
TiO, 83% 98%
2) H,S0, 60% ~ o
70% 1.623 ~1.823
t 50% 20% ;
-~ 25% o
3) ;
100%
50% - o
4) 50% 3.
100% 82% o
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