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Table 1 The solubilities and densities of the quaternary system MgCl,+CaCl,+AlICl;+H,0 at 298.2 K

T8 AT 21 1%, w(B) /%

T £h 35 %4 J(B) (2/100g S)

B B (gom?) J(MgCl,)+J(CaCl,)+J(AICL,)=100 -1 [ AH
w(MgCl)  w(CaCl,)  w(AICl)  w(H,0)  JMgCl) J(CaCl)  J(AICL)  J(H,0)

1,A 1.4415 10.20 35.03 0.00 5477 22.55 77.45 0.00 121.09 CaCl,-6H,0+Tac
2 1.4419 8.99 36.00 0.22 54.78 19.89 79.62 0.50 121.15 CaCl,-6H,0+Tac
3 1.443 5 8.39 36.39 0.40 54.82 18.58 80.54 0.89 121.33 CaCl,-6H,0+Tac
4 1.4439 7.42 37.16 0.53 54.89 16.45 82.37 1.18 121.67 CaCl,-6H,0+Tac
5 1.4442 6.65 37.85 0.59 54.91 14.75 83.94 1.31 121.77 CaCl,-6H,0+Tac
6 1.446 2 5.61 38.82 0.68 54.90 12.43 86.07 1.50 121.73 CaCl,-6H,0+Tac

7,F, 1.4477 4.03 39.59 1.42 54.96 8.95 87.90 3.15 121.99  CaCl,-6H,0+AICl,"6H,0+Tac
8 1.4285 5.63 38.21 1.25 54.91 12.48 84.74 2.78 121.76 AICI;"6H,0+Tac
9 1.4163 8.56 34.71 1.41 55.32 19.16 77.69 3.15 123.84 AICI;"6H,0+Tac
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VR AH 41 1%, w(B) /%
MBI Agom®) J(MgCl,)+J(CaCl,)+J(AICl;)=100 - i 5 AH
w(MgCl)  w(CaCl) w(AICL) w(H,0)  JMgCl) J(CaCl) JAICL) J(H,0)
10 1.4150 9.41 33.95 1.30 55.34 21.06 76.02 2.92 123.9 AICI, 6H,0+Tac
11 1.4132 11.30 32.46 1.05 55.19 25.22 72.43 235 123.16 AICl,'6H,0+Tac
12 1.413 4 12.24 31.58 0.97 55.21 27.33 70.51 2.16 123.26 AICL,"6H,0+Tac
13, F, 1.4171 13.97 29.20 0.71 56.12 31.84 66.54 1.62 127.92  MgCl, 6H,0+AICl;"6H,0+Tac
14 1.4172 13.39 29.81 0.65 56.15 30.54 67.98 1.48 128.02 MgCl,-6H,0+Tac
15 1.4170 14.44 28.84 0.54 56.18 32.95 65.81 1.24 128.20 MgCl,-6H,0+Tac
16 1.4167 14.96 28.43 0.40 56.22 34.17 64.93 0.90 128.41 MgCl,-6H,0+Tac
17 1.4162 16.08 27.60 0.10 56.22 36.72 63.04 0.23 128.44 MgCl,-6H,0+Tac
18 1.4158 16.65 27.08 0.04 56.24 38.04 61.88 0.09 128.50 MgCl,-6H,0+Tac
19,B 1.4163 17.27 26.48 0.00 56.25 39.47 60.53 0.00 128.57 MgCl,-6H,0+Tac
20,C 13403 30.45 0.00 5.65 63.90 84.35 0.00 15.65 177.01 MgCl,-6H,0+AICl,"6H,0
21 13436 28.36 2.85 491 63.88 78.52 7.89 13.59 176.88 MgCl,-6H,0+AICl,"6H,0
22 13450 27.03 6.05 3.97 62.95 72.96 16.32 10.72 169.92 MgCl,-6H,0+AICl,"6H,0
23 13513 2475 10.48 3.18 61.59 64.42 27.29 8.29 160.29 MgCl,-6H,0+AICl,"6H,0
24 13679 23.42 13.81 2.42 60.35 59.07 34.82 6.11 152.17 MgCl,-6H,0+AICl,"6H,0
25 13797 21.03 18.04 1.65 59.28 51.64 4431 4.05 145.58 MgCl,-6H,0+AICl,"6H,0
26 13911 18.25 22.03 1.16 58.56 44.04 53.16 2.80 141.32 MgCl,-6H,0+AICl,"6H,0
27 1.404 8 15.67 26.38 1.05 56.90 36.37 61.20 2.43 132.04 MgCl,-6H,0+AICl,"6H,0
28,D 1.4436 0.00 42.32 237 55.31 0.00 94.70 5.30 123.76 CaCl,6H,0+AICl, 6H,0
29 1.4431 0.84 4229 2.06 54.81 1.85 93.58 457 121.29 CaCl,-6H,0+AICl;"6H,0
30 1.444 6 1.58 4220 1.74 54.48 3.46 92.71 3.82 119.68 CaCl,6H,0+AICl, 6H,0
31 1.4450 221 41.99 1.59 54.21 4.83 91.69 3.48 118.37 CaCl,6H,0+AICl, 6H,0
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Fig. 1  Stable phase diagram of the quaternary system MgClL+
CaCl,+AICI,+H,0 at 298.2 K
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Fig. 2 The XRD pattern of the solid phases corresponding to the
invariant point F, of quaternary system MgCl,+CaCl,+AICL+H,0O
at298.2 K
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Fig. 3 The XRD pattern of the solid phases corresponding to the
invariant point F, of quaternary system MgCl,+CaCl,+AlICl;+H,0
at298.2 K
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Fig. 4 The water content diagram of the quaternary system
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Abstract: In order to obtain the interaction law between aluminum and coexisting calcium and magnesium in leaching
solution containing aluminum of fly ash, the phase equilibria of the quaternary system MgCl,+CaCl,+AlCl,+H,0 was
investigated by isothermal dissolution method at 298.2 K. The composition of liquid phase and density were determined.
Meanwhile, the phase diagram, water diagram and density vs composition diagram of the quaternary system were drawn,
respectively. It was found that the stable phase diagram of the quaternary system MgCl,+CaCl,+AlICl;+H,O consisted of
two invariant points, four crystallization regions and five univariate curves, which belonged to a complex system with the
double salt of tachyhydrite formed. These four crystallization regions corresponded to single salts MgCl,-6H,0,
CaCl,-6H,0, AICl;-6H,0 and double salt 2MgCl,-CaCl,-12H,0, respectively. The crystallization regions decreaseed in the
order of AlCl;-6H,0, MgCl,-6H,0, CaCl,-6H,0 and 2MgCl, -CaCl,-12H,0, the solubility of AICl;-6H,0 was the smallest
and the solubility of 2MgCl,-CaCl,- 12H,0 is the highest.
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