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Abstract: There are abundant reserves of lithium, potassium, and boron in many salt lake brines on the East
Taijinaier salt lake, and the phase equilibrium of the water and salt system and the phase diagram provide a
research basis and theoretical support for the separation and extraction of salt lake minerals. In this study, the
phase equilibrium diagram of the quaternary system (NaBsOg+KBsOg+RbBsOg+H,0) at 288.15 K was explored
by the isothermal solution equilibrium method. Solubility and two principal physicochemical properties of the
system, equilibrium liquid phase density and refractive index, were obtained by experiments, and the existing
mineral species of the salt lake were analyzed and identified. The results showed that the saturation point in the stable
phase diagram of the system (NaBsOg-5H,O+KB;sOg:4H,0+RbBsOg-4H,0) at 288.15 K is characterized by a liquid
phase composition of w(NaBs0g)=9.02%, w(KBs0g)=0.47%, w(RbBsOg)=0.21%. There are three salt minerals,
NaB;0g-5H,0, KBsOg-4H,0, and RbBsOg-4H,0, and the system has no solid solution or double salt formation.
Among the three minerals, RbBsOg-4H,0 has the largest crystal area and the smallest solubility. The refractive index
and density of the liquid phase changes regularly with the increase of the dry base mass fraction Z(NaB;Og) in the
solution. The relative errors of density and refractive index were calculated by empirical formula, and the calculated
values agree well with the experimental ones.
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Table 1 Chemical analysis data of NaBs;Os'5H,0
liquid phase

;Kéﬁ,g W(Nazo)/% W(BQOQ)/% W(HQO)/% n(NazOB203HZO)

FEME 0.1050 0.589 8 0.3052 1:5:10
SLEE 0.104 2 0.5875 0.308 3 1:5.02:10.20

% 2 RbB;Oy-4H,0 B E S ¥R
Table 2 Chemical analysis data of RbBsOg'4H,0
liquid phase

HM w(Rb0)/% w(B:05)/% w(H,0)/% n(Rb0:B,05:H,0)

B 02752 0.5126 0.2122 1:5:8
SLIRMH 0.276 0 0.510 4 0.213 6 1:4.93:8.02
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Fig. 1 XRD pattern of NaBs;Os-SH,O solid phase
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Fig. 2 XRD pattern of RbB;03-4H,0 solid phase
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Table 3  Solubilities and equilibrium solid phase of the quaternary system (NaBs;Os+KBs0s+RbBsOs+H,0) at 288.15 K

No. TRAHAL R, w(b)/% Z(b)/(g/100 g S) A

w(NaBsOg) w(KBsOg) w(RbBsOg)  w(H,0)  Z(NaBsOg) Z(KBsOg) Z(RbBsOg)  Z(H,0)

1,A 0.00 0.84 0.85 98.31 0.00 49.70 50.30 5817.16 KBO+RBO
2 0.60 1.24 0.83 97.33 22.40 46.48 31.11 3 648.74 KBO+RBO
3 0.84 1.27 0.83 97.06 28.62 43.17 28.21 3299.20 KBO+RBO
4 1.22 1.02 0.69 97.07 41.73 34.76 23.51 3307.59 KBO+RBO
5 2.58 0.86 0.55 96.01 64.69 21.54 13.77 2 404.11 KBO+RBO

6,B 9.02 0.00 0.20 90.78 97.83 0.00 217 984.60 RBO+NBO
7 8.81 0.07 0.29 90.83 96.08 0.76 3.16 990.15 RBO+NBO
8 8.83 0.35 0.18 90.64 94.34 94.34 1.92 968.02 RBO+NBO

9,C 7.16 0.44 0.00 92.40 94.21 5.79 0.00 1215.79 KBO+NBO
10 8.02 0.57 0.14 91.27 91.86 6.53 1.60 1 046.05 KBO+NBO

11,E 9.02 0.47 0.21 90.30 92.99 4.85 2.16 930.93 KBO+RBO+NBO

#: KBO—KB;05-4H,0; RBO—RbB;05-4H,0; NBO—NaB;05-5H,0; u(NaBs05)=0.002; u(KBs05)=0.002; u(RbBs05)=0.002 5; u 4
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3 PITiRZE(NaB;Og+KB;O3+RbBsOg+H,0) 288.15 K 18 (a) 5 F ZB A A & (b)
Fig. 3 Phase diagram (a) and fractionated gain detail (b) of quaternary system (NaBs;Os+KBs0s+RbBsOs+H,0) at 288.15 K
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Fig. 4 Water content diagram for quaternary system

(NaBsOg+KBsOg+RbBsOg+H,0) at 288.15 K &R 5. 6)IT A LI E . BUSE AR EGE 4).
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Fig. 5 XRD pattern of invariant point E (NaB;0s+ KB503+RbBs0s+H,0)
P 5 A EREORG, TR ny D 1346 646,
P, fE EB B AR W B H M, KA B sS4 N
. L =
"o _ 55 %, 6 1346 651 7 EC BUNRIL T EE, £ C riff =
nDo

HARAT I, ny, & 288.15 K FalikiHmtR
(np,=1.333 39), n, J= 288.15 K V-5 H i 52 14 45
Prot K., p, & 288.15 K F 4K 1y % J¥ (p,=
0.999 098 g-cm ), p, 42 288.15 K T P-4 i AH 1 52 14
S BE o A; VB BE R, By R PRI
HRERHL, wi B T B 4y B A B

AER 4 YARE RO 73 51 220 1 82 nyy
W p 5 IR AN TR 43 BT 43 B Z(NaBsOs)
AU . W IEHE ny BT 415 R R4 8
Z(NaBsOg) 34 I HG I, 5 A% 345 2 2 T 18 K,

1.343 998(&l 6a). 1t ny WAL S p b
Z(NaBsOg) U Sh AR LA, W% B p A TR
B T R4 43 T S B BE IR ARG O, B A ED
MR, EHS E A, REEE p R
1.072 16 g-em™, A8 E 5] B 5, % p BN
R 1 R R, B S8 1.070 80 g-em ; Afif5 E
F C i, BHE p BE Z(NaBsOg) I I M FEAR,
1.072 16 g-em ™ 2842 1.056 35 g-cm (14 6b).

3
AN PU TR F (NaBsOg+KBsOs+RbBsOg+H,0)

# 4 MITiEFR(NaBsOg+KBsOg+RbBsOg+H,0)7E 288.15 K THI4I1L 14 R
Table 4 Physicochemical properties of quaternary system (NaBsOs+KBs0s+RbB50s+H,0) at 288.15 K

No. M pl(g-em™)
SR H g ARX 522 SR H P AH HRX 522
1,A 1.336 999 1.336 759 -0.02 1.019 44 1.017 32 -0.21
2 1.337 433 1.337 354 —0.01 1.022 04 1.021 69 —-0.03
3 1.337 388 1.337 638 0.02 1.021 29 1.023 34 0.20
4 1.338 122 1.337 914 —0.02 1.025 42 1.024 23 —0.12
5 1.338 960 1.339 356 0.03 1.029 43 1.031 87 0.24
6,B 1.346 651 1.346 781 0.01 1.070 80 1.071 76 0.09
7 1.346 599 1.346 666 0.00 1.070 69 1.071 28 0.06
8 1.346 612 1.346 429 -0.01 1.071 55 1.070 72 -0.08
9,C 1.343 998 1.344 058 0.00 1.056 35 1.057 39 0.10
10 1.345 551 1.345 319 —0.02 1.067 93 1.064 95 —0.28
11,E 1.346 646 1.346 685 0.00 1.072 16 1.072 53 0.03
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Fig. 6 Physiochemical property versus composition diagram of titled quaternary system (NaB;03+KBs03+RbBs0s+H,0) at
288.15 K
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