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Table 2 The experimental data of phase equilibria of ternary system Li*, Ca* // CI'-H,O at 298.2 K
g 2 iy B WAL w(B) x 1of TR EAHALE w(B) x 192 T
pl(g-cm™) w(CaCl,) w(LiCl) w(CaCl,) w(LiCl)
1,Q 1.4351 45.18 0.00 — — Ant
2 1.423 7 42.47 2.59 50.00 0.01 Ant
3 14338 41.03 4.74 50.27 0.23 Ant
4,8, 1.4393 41.68 6.46 58.48 0.41 Ant + CC4
5 14311 40.84 7.46 58.36 0.20 cc4
6 1.4210 39.43 8.61 58.69 0.56 cc4
7 1.4185 37.96 10.3 58.78 1.02 cc4
8 1.4118 35.38 14.22 56.88 1.84 cc4
9 14220 33.54 16.69 55.66 3.17 cc4
10, S, 14029 32.63 19.09 4413 16.48 CC4 + LCC
11 1.4259 28.66 23.31 44.70 17.12 LcC
12 1.394 2 24.75 27.16 37.33 20.95 Lce
13 13899 22.12 30.31 4120 19.88 LcC
14, S, 13735 20.64 31.59 33.23 29.54 LCC + LiCl-H,0
15 1.380 4 18.41 33.26 0.86 69.00 LiCI-H,0
16 13751 15.89 35.32 0.54 66.58 LiCl-H,0
17 1.347 3 13.5 36.8 0.71 68.17 LiCl-H,0
18 13328 10.73 38.69 0.62 68.24 LiCl-H,0
19 13271 7.46 41.39 0.30 66.49 LiCl-H,0
20 1316 8 4.07 43.75 0.13 68.24 LiCl-H,0
21,V 12718 0.00 46.01 — — LiCl-H,0

w(CaCl,) x 10?
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Fig.2 Phase diagram of Li*, Ca™ / CI"-H,0
ternary system at 298.2 K
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Fig. 3 The XRD pattern of the invariant points (S,, S,, and S,)
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Table 3 The experimental data of phase equilibria of Li*, NH,", Ca** // CI-H,O quaternary system at 298.2 K

SEAMFRARLLR w(B)x10° T4 (/100 g #)

o T A fﬁ% J(LiCD) +J(NH,CI) +J(CaCl,) = 100

w(CaCl) w(NH,CD) w(LiCl) w(H,0) J(CaCl) J(NH,CD) J(LICD) J(H,0)

1, A LiCl-H,0+LNSS 12580 0.00 2.01 44.79 53.20 0.00 429 9571 113.68
2 LiCl-H,0+LNSS 12874 278 226 42.09 52.87 5.89 479 89.32  112.18

3 LiCl-H,0+LNSS 13057 529 222 41.66 50.83 10.75 452 8473 10338

4 LiCl-H,0+LNSS 12082 7.74 1.96 39.63 50.67 15.70 3.96 80.34 10272

5 LiCI-H,0+LNSS 13179 9.92 1.79 3847 49.82 19.77 3.57 76.66 99.28

6 LiCl-H,0+LNSS 13427 1171 1.46 37.86 4897 22.95 285 7420 95.96

7 LiCl-H,0+LNSS 13577 1373 1.34 3659 4834 2658 2.59 70.83 93.57

8 LiCl-H,0+LNSS 13725 1655 1.17 3484 4744 3149 223 66.28 90.26

9 LiCl-H,0+LNSS 13882 19.96 135 3188 46.81 37.53 2.54 59.93 88.01
10, F,  LiCI-H,O+LNSS+LCC 13817  20.64 1.53 30.01 47.82 39.55 2.93 57.52 91.64
11, B NH,CI+LNSS 12296 0.00 4.68 3494 6038 0.00 11.82 88.18 15240
12 NH,CI+LNSS 12420 196 458 35.41 58.05 4.68 1091 8441 13838
13 NH,CI+LNSS 12541 3.70 4.48 34.65 57.17 8.63 10.47 80.90 13348
14 NH,CI+LNSS 12679 543 4.40 33.86 56.31 12.42 10.06 7752 128.89
15 NH,CI+LNSS 12800  7.69 428 32,97 55.06 17.12 9.52 7336 12252
16 NH,CI+LNSS 13005 10.40 4.18 32.22 5320 2222 8.94 68.84  113.68
17 NH,CI+LNSS 13131 1215 4.05 31.48 52.32 25.48 8.50 66.02 10973
18 NH,CI+LNSS 13328 1443 3.99 30.56 51.02 29.46 8.15 6239 104.16
19 NH,CI+LNSS 13492 16.85 3.85 2969 4961 33.44 7.65 58.91 98.45
20,F,  NH,CHLNSS+LCC 13651 19.13 3.74 2810 49.03 37.54 7.34 55.12 96.19
21, C LiCI-H,04LCC 13735 20.64 0.00 3159 4777 39.53 0.00 60.47 91.46
22 LiCl-H,04LCC 13869  20.59 0.64 3044 4833 39.85 1.25 5890  93.54
23,D LCC+CC4 14029  32.63 0.00 19.09 4828 63.09 0.00 36.91 93.35
24 LCC+CC4 14150 3125 1.23 1849  49.03 6131 242 36.27 96.19
25 LCC+CC4 14160  30.81 247 18.45 4827 59.56 478 35.66 9331
26, E CC4+Ant 14393 41.68 0.00 6.46 51.86 86.57 0.00 1343 107.73
27 CC4+Ant 14157 41.05 1.47 5.95 51.53 84.69 3.03 1228 10631
28 CC4+Ant 14108 4033 2.98 5.92 50.77 81.92 6.05 1203 103.13
29 CC4+Ant 14088  39.75 426 5.83 50.16 79.77 8.54 11.69  100.64
30, G NH,Cl+Ant 13952 40.53 5.30 0.00 54.17 88.43 11.57 0.00 118.20
31 NH,Cl+Ant 14099 40.20 5.26 1.24 53.30 86.07 11.27 2.66 114.13
32 NH,Cl+Ant 14019 39.40 5.26 2.65 52.69 83.29 1112 5.59 111.37
33 LNSS+LCC 13807 2036 2.44 2067  47.53 38.81 4.65 56.54 9059
34 LNSS+LCC 13855  20.16 3.36 2990 46.58 37.73 6.29 55.98 87.20
35 NH,CI+LCC 13794  21.92 3.59 26.35 48.14 4227 6.92 50.81 92.83
36 NH,CI+LCC 14131 25.67 3.41 25.01 4591 47.46 6.30 46.24 84.88
37 NH,CI+LCC 13952 23.99 3.52 25.91 4658 44.90 6.60 48.50 87.20
38 NH,CI+LCC 13993 27.92 3.74 20.21 48.13 53.84 7.20 38.96 92.79
39, F, LCC+CC4+NH,CI 14092 29.20 3.61 1954 47.65 55.78 6.89 37.33 91.02
40 CC4+NH,CI 14065  36.58 491 8.62 49.89 73.01 9.79 1720 99.56
41 CC4+NH,CI 14120 3448 443 10.96 50.13 69.14 8.89 2197 100.52
42 CC4+NH,CI 14158 33.92 3.91 1333 4884  66.29 7.65 26.06 95.47
43 CC4+NH,CI 14188 3285 3.67 1579 47.69 62.80 7.02 30.18 91.17
44 CC4+NH,CI 14282 32.02 3.55 1772 46.71 60.09 6.66 33.25 87.65
45, F, CC4+Ant+NH,CI 13996 3923 5.8 5.91 49.58 77.81 10.47 11.72 98.33

*LNSS: (NH,CD) (LiCI-H,0),_; LCC: LiCl-CaCl,-5H,0; CC4: CaCl,-4H,0; Ant: CaCl,-6H,0
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Phase Equilibria Study of the Quaternary System Li’,
NH,’, Ca* // CI'-H,0 at 298.2 K

WU Changhao', DONG Ligong*, YU Xudong'*", CHEN Shuai', LI Qi',
YANG Yousheng', LUO Jun', REN Siying'
(1. College of Materials and Chemistry & Chemical Engineering , Chengdu University of Technology,
Chengdu, 610059, China; 2. Strategic Research Center of Oil and Gas Resources , Ministry of Natural
Resources, Beijing, 100860, China; 3. Tianfu Yongxing Laboratory, Chengdu, 610213, China.)

Abstract: This study investigates the phase equilibria of the quaternary Li*, NH,", Ca* // CI'-H,O system
and its ternary subsystem Li", Ca* // CI"-H,O at 298.2 K by using the isothermal dissolution equilibrium
method, aiming to address challenges in lithium extraction from deep brines characterized by high lithium,
ammonium, and calcium content. There are three invariant points, four crystallization regions (LiCl-H,0,
CaCl,-4H,0, CaCl,-6H,0, and LiCl-CaCl,-5H,0), and four univariant curves in the Li*, Ca* // CI-H,O
ternary system at 298.2 K. The quaternary system exhibits more complex interactions, featuring four invari-
ant points, six crystallization regions (LiCl-CaCl,-5H,0, LiCI-H,0, (NH,Cl),(LiCI-H,0):-,, NH,CI,
CaCl,-4H,0, and CaCl,-6H,0), and nine univariant curves. The formation of both the double salt LiCl-
CaCl,-5H,0 and the solid solution (NH,CI),(LiCl-H,0):-, introduces substantial complexities in lithium
recovery processes, as these phases alter ionic distributions and reduce lithium availability in solution.
These findings provide critical insights for optimizing separation strategies in lithium extraction from multi-
component brine resources.

Key words: Phase equilibria; Solubility; Solid solution; Double salt





