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Transformation of Hungchaoite in Sulfate Solution System at 288.15 K
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Abstract: China possesses abundant salt lake resources, especially the Qaidam Basin salt lake, which is rich in
boron and magnesium resources. However, because of their complex structure, magnesium borate aqueous
solutions are affected by supersaturation solubility and solubilization phenomena, and their solid-liquid system is
casily to transformed, which greatly limits the efficient development and economic utilization of liquid boron
resources. In this paper, the transformation rule of hungchaoite in MgSO4 solution with mass fraction of 5%, 10%,
20% and 30% was studied at 288.15 K. The results of the study advance understanding of the borate chemistry of

salt lakes and promote the rational development and utilization of salt lake brine.
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Fig. 1 Synthesis flow chart of magnesium borates
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Fig. 3 Experimental apparatus for transformation rule of magnesium borates
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Table 1 Experimental data of transformation rule at 288.15 K

m(Mg*") m(B103) m(SO%) m(MgO)

t/h /(mol'kg ™) /(mol'kg ™) /(mol'kg ™) /(mol'kg ™) m(B:03)/m(MgO) Vil
MgB4O7+5%MgSO4+H,0
21 0.464 4 0.044 38 0.4215 0.042 87 1.04 MgB40;-9H,0
45 0.464 1 0.043 88 0.422 9 0.041 20 1.06 MgB40;-9H,0
69 0.464 9 0.043 71 0.427 9 0.037 02 1.18 MgB40;-9H,0
165 0.464 7 0.042 96 0.429 4 0.035 34 1.22 MgB,40;-9H,0
333 0.465 5 0.043 63 0.4327 0.032 85 1.33 MgB,0,-9H,0
501 0.465 7 0.046 17 0.433 1 0.032 63 1.41 MgB,40;-9H,0
669 0.459 2 0.048 33 0.428 1 0.031 03 1.56 MgB,07-9H,0
837 0.459 2 0.048 89 0.436 8 0.022 39 2.18 MgB,07-9H,0+Mg:BO1;-15H,0
1005 0.455 1 0.048 92 0.445 8 0.009 34 5.24 Mg,BsO1; 15H,0
1173 0.452 1 0.048 39 0.442 9 0.009 22 5.25 Mg,BsO1; 15H,0
1341 0.456 1 0.048 07 0.446 9 0.009 24 5.20 Mg,BsO1; 15H,0
1509 0.4513 0.048 29 0.442 0 0.009 35 5.17 Mg;Be01;15H,0
MgB,0-+10%MgS04+H,0
21 0.873 5 0.052 33 0.827 3 0.046 17 1.13 MgB,0;-9H,0
45 0.872 6 0.050 97 0.8232 0.049 34 1.03 MgB,0;-9H,0
69 0.8729 0.050 31 0.8332 0.039 70 127 MgB,0,-9H,0
165 0.8717 0.051 01 0.834 7 0.036 95 1.38 MgB40;-9H,0
333 0.862 9 0.049 92 0.828 1 0.034 87 1.43 MgB,40;-9H,0
501 0.8610 0.056 88 0.826 1 0.034 86 1.63 MgB40;-9H,0
669 0.863 2 0.062 26 0.828 3 0.034 93 1.78 MgB40;-9H,0
837 0.859 1 0.072 67 0.830 9 0.028 21 2.58 MgB407-9H,0+Mg:Bc01;-15H,0
1005 0.863 5 0.078 35 0.839 1 0.024 45 3.20 MgB407-9H,0+Mg:Bc01;-15H,0
1173 0.933 6 0.082 19 0.912 1 0.021 47 3.83 Mg>BsO1;- 15H,0
1341 0.878 8 0.080 59 0.863 7 0.015 12 5.33 Mg;Be01;15H,0
1509 0.854 3 0.081 86 0.840 1 0.014 23 5.75 Mg,BsO1; 15H,0
1749 0.862 1 0.081 50 0.848 3 0.013 78 5.91 Mg:BsO11 15H,0
2205 0.863 9 0.080 74 0.851 1 0.012 85 6.29 Mg,BsO011 15H,0
2301 0.850 2 0.081 06 0.8372 0.012 98 6.25 Mg,BsO1; 15H,0
2922 0.873 5 0.081 01 0.827 3 0.012 88 6.29 Mg;Be01;15H,0
MgB,0-+20%MgS04+H,0
21 1.9229 0.058 50 1.909 4 0.050 35 1.16 MgB,07-9H,0
45 1.947 2 0.058 41 1.896 3 0.050 90 1.15 MgB,0,-9H,0
69 2.028 5 0.058 72 1.9799 0.048 63 121 MgB,40;-9H,0
165 2.108 5 0.058 39 2.059 6 0.048 86 1.20 MgB40;-9H,0
333 19995 0.058 07 1.9516 0.047 92 1.21 MgB,40;-9H,0
501 2.004 2 0.058 63 1.957 4 0.046 74 1.25 MgB,40;-9H,0
669 1.942 6 0.058 41 1.903 7 0.045 05 1.30 MgB40;-9H,0
837 2.016 3 0.060 77 1.971 6 0.044 73 1.36 MgB,0,-9H,0
1005 1.995 8 0.060 87 1.9515 0.044 38 1.37 MgB,0;-9H,0
1173 2.001 9 0.062 65 1.959 6 0.042 23 1.48 MgB,07-9H,0
1341 2.008 3 0.062 87 1.966 7 0.041 58 1.51 MgB,0,-9H,0
1509 1.953 4 0.062 57 1.9117 0.041 73 1.50 MgB40;-9H,0
1749 1.990 3 0.063 12 1.948 8 0.041 51 1.52 MgB40;-9H,0
2205 1.9852 0.067 35 1.946 8 0.038 41 1.75 MgB40;-9H,0
2301 1.960 1 0.067 82 1.9219 0.038 19 1.78 MgB40;-9H,0
2602 1.960 8 0.067 88 1.9399 0.038 24 1.78 MgB,0;-9H,0
2901 1.959 5 0.067 73 1.936 5 0.038 01 1.78 MgB,07-9H,0

3306 1.960 1 0.067 75 1.9376 0.038 11 1.78 MgB407-9H,0
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m(Mg?") m(B,03) m(SO;) m(MgO) o
t/h /(mol-kg ") /(mol-kg ") /(mol-kg ") [mol'kgy  "(B203)/mMgO) Vil
MgB,0-+30%MgS04+H,0
21 1.729 3 0.057 41 1.653 6 0.075 69 0.76 MgB,07-9H,0+MgS04-7H,O
45 2.1039 0.055 72 2.022 3 0.081 60 0.68 MgB,07-9H,0+MgS04-7H,O
69 2.0915 0.056 39 2.0205 0.071 01 0.79 MgB,07-9H,0+MgS04-7H,O
165 2.108 5 0.057 07 2.0551 0.053 36 1.07 MgB,07-9H,0+MgS04-7H,O
333 2.101 0 0.057 63 2.0455 0.055 55 1.04 MgB,07-9H,0+MgS04-7H,O
501 2.126 5 0.058 41 2.076 4 0.050 18 1.21 MgB,07-9H,0+MgS04-7H,O
669 2.120 6 0.060 77 2.078 0 0.046 61 1.43 MgB.407-9H,0+MgS04-7H,O
837 2.1237 0.060 87 2.086 1 0.045 54 1.33 MgB,07-9H,0+MgS04-7H,O
1005 21717 0.062 65 2.128 0 0.043 70 1.47 MgB,07-9H,0+MgS04-7H,O
1173 2.1915 0.062 87 2.147 6 0.043 90 1.43 MgB,07-9H,0+MgS04-7H,O
1341 2.160 9 0.062 57 2.1203 0.040 61 1.54 MgB,07-9H,0+MgS0,4-7H,O
1509 2.1335 0.063 12 2.093 8 0.039 68 1.59 MgB,07-9H,0+MgS0,4-7H,O
1749 2.1502 0.070 35 2.1109 0.039 81 1.79 MgB,07-9H,0+MgS04-7H,O
2205 2.239 5 0.069 82 2.199 8 0.039 66 1.76 MgB,07-9H,0+MgS04-7H,O
2301 2.2849 0.069 71 2.2455 0.039 35 1.77 MgB,07-9H,0+MgS04-7H,O
2 602 2.2650 0.070 11 2.2450 0.039 82 1.76 MgB,07-9H,0+MgS04-7H,O
2901 2.2589 0.069 88 22453 0.039 57 1.77 MgB,07-9H,0+MgS04-7H,O
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Table 2 Physicochemical properties of each system at 288.15 K

t/h p/(g-em) np pH t/h p/(g-cm™) np pH
MgB40+5%MgSO0,+H,0 MgB40,+20%MgSO,+H,0
21 1.058 58 1.345 273 8.92 165 1.272 61 1.383 780 7.72
45 1.058 42 1.345 276 8.93 333 1.272 48 1.383 776 7.70
69 1.058 45 1.345 284 8.81 501 1.272 68 1.383 691 7.71
165 1.058 50 1.345 289 8.86 669 1.272 46 1.383 739 7.57
333 1.058 54 1.345 293 8.55 837 1.272 46 1.383 747 7.59
501 1.058 48 1.345 235 8.44 1 005 1.271 95 1.383 690 7.51
669 1.058 17 1.345 159 8.21 1173 1.271 08 1.383 491 7.54
837 1.058 03 1.345 102 8.16 1341 1.269 81 1.383 322 7.40
1 005 1.056 96 1.344 886 8.01 1509 1.269 09 1.383 106 7.31
1173 1.056 96 1.344 833 7.99 1749 1.266 84 1.382 981 7.26
1341 1.056 95 1.344 828 8.03 2205 1.263 24 1.382 265 7.17
1509 1.056 90 1.344 859 8.02 2301 1.264 08 1.382 201 7.21
MgB.40+10%MgS04+H,0 2 602 1.264 39 1.382 200 7.19
21 1.111 26 1.355 270 8.56 2901 1.264 26 1.382 210 7.20
45 1.111 03 1.355 239 8.67 3306 1.264 27 1.382 219 7.21
69 1.110 96 1.355 236 8.64 MgB407+30%MgS04+H,0
165 1.110 97 1.355 230 8.56 21 1.285 14 1.385 837 7.73
333 1.111 06 1.355 139 8.29 45 1.286 99 1.386 097 7.71
501 1.110 38 1.355 091 8.16 69 1.285 66 1.385 974 7.70
669 1.110 53 1.355 090 7.83 165 1.287 82 1.386 328 7.63
837 1.110 86 1.355 070 7.70 333 1.288 92 1.386 347 7.61
1 005 1.110 96 1.355 109 7.58 501 1.289 53 1.386 558 7.60
1173 1.110 93 1.355 152 7.54 669 1.290 47 1.386 679 7.56
1341 1.111 91 1.355 142 7.55 837 1.290 14 1.386 683 7.54
1509 1.111 97 1.355 154 7.47 1 005 1.296 06 1.386 690 7.53
1749 1.111 77 1.355 171 7.48 1173 1.294 38 1.387 428 7.55
2205 1.111 92 1.355 159 7.43 1341 1.291 57 1.387 449 7.57
2301 1.111 86 1.355 162 7.43 1509 1.290 12 1.386 733 7.55
2922 1.111 86 1.355 163 7.43 1749 1.299 26 1.388 053 7.57
MgB407+20%MgS04+H,0 2205 1.303 82 1.389 264 7.58
21 1.272 98 1.383 844 7.66 2301 1.304 05 1.389 717 7.58
45 1.272 92 1.383 819 7.87 2602 1.304 12 1.389 762 7.58
69 1.272.70 1.383 818 7.84 2901 1.303 98 1.389 808 7.58

HE: u(7)=0.01 K; u(p)=+0.05 g-cm™>; u(np)==0.000 1; u(pH)==0.01; u AR UERNHE FE .
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Fig. 5 Equilibrium solid-phase XRD characterization results of each system at 288.15 K
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