36k H2H
2021 4F 4 H

£EHBRLESZR Vol. 36 No.2

Journal of Tianjin University of Science & Technology Apr. 2021

DOI:10.13364/j.issn.1672-6510.20190300

15 CHES$E - ER SR - BS s — /KK &
HEES5HEE

MEME, B, EE®CC, PR, OPRE NS
(1. REPFH R T SRR, R 300457; 2. KEATEERE S5FE AL E, KEE 300457)

i E. RASEERTHEAT R U RN BRAL AR AT - BR K 15 Cry BLRAR-F47, M E T4k RiE M E A=
B B E FRE.ARAIN . ZKREZ I5CTREZMA T 84— A48 .5 (L + Li,B,0,3H,0 + K,B,07-4H,0 +
MgyBs0,,-15H,0) , H & #4848 s % w(LiyB407) 1.31% . w(K,B407) 10.57% . w(MgB40,) 0.05% ; 3 AN Bl A8 % & X A4
Li,B407-3H,0 . K,B40.4 H,0 . Mg,Bc0, - 15H,0, 4k % T & 2 % Bl 784k A& k.. & T AN BR 42 | 9N BR 47 5T % R AN4E B A 1R
BB 6 EATROL iR AR F R A I R AR T AN BRAL R 09 55 m 2 AL T AL, R BB X AT F B e d b R AT
KIR, 3T FALAw 2 I8 A EF

KR BIARTAT; WA KEMAR; 2K

FESES: TQI128.5 MHEPREE: A XEHS: 1672-6510(2021) 02-0015-05

Phase Equilibrium and Phase Diagram of Lithium Borate-
Potassium Borate-Magnesium Borate-Water System at 15 C
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Abstract: The phase equilibrium of the quaternary system of lithium borate-potassium borate-magnesium borate-water
has been studied at 15°C with the method of isothermal solution saturation. Solubility, density and refractive index were ana-
lyzed. Phase diagram of this system contains one invariant point(L+Li,B40;-3H,0+K,B40;-4H,0+Mg,B¢0,;-15H,0)
whose liquid compositions are w (Li,B407) 1.31% , w (K,B40-) 10.57% , w (MgB,07) 0.05% ; and three crystallization regions
correspond to Li,B407,:3H,0, K,B,07-4H,0 and Mg,B¢0;,-15H,0, respectively. Neither double salts nor solid solutions
formed in this system, and both K,B,0and Li,B40- in the solution have a strong salting-out effect on inderite. The solution
density and refractive index of the quaternary system changed regularly with the increase of Li,B,O; concentration. The den-
sity and refractive index calculated with empirical equations can well match those in the experiment.
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15H,0, il MgO Ml H3BO; fESL = kA4 !,
LA BT IR X S Eok St 4 e, Sl =
99.0%; LI FH/K 4 A 258 oK, L P& <1.0x 107
S/m, FH T e il S 56V A i N oA Bt T A T TR
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JEAA 5 —Fp L. Bl . N =JC/K R Li,B,Os-
KyB4O,-H O FUFLM S 4 BB EE I AR BREERC ) — &
NGRS T 200 mL BEEEE D, B ECAF O ROICE T
fE Y 7K W 4 0 Bl PR A, KR R R B R AE (15 =
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Tab. 1 Solubility, density and refractive index of the quaternary system of lithium borate-potassium borate-magnesium

borate-water at 15 °C

e . - HFRARLLEL wi% . FRARH /% R f/ —_— .
LiB,O;  K:BO;  MgBOy H,0  Li;BO;,  KoB,O, H,0 (grem™)

1,4 1.40 9.61 0.00 88.99 12.72 87.28 808.5 1.094 51 1.351 4 LB + KB
2 1.19 9.49 0.00 89.32 11.11 88.86 836.0 1.097 57 1.351 4 LB + KB
3 121 8.28 0.01 90.50 12.70 87.17 952.7 1.084 45 1.3497 LB + KB
4 1.16 8.72 0.02 90.10 11.72 88.09 909.7 1.089 10 1.350 4 LB + KB
5 1.20 8.45 0.02 90.33 12.41 87.35 933.6 1.086 26 1.350 1 LB + KB

6,B 0.00 10.66 0.03 89.31 0.00 99.75 835.9 1.095 20 1.350 4 KB + MB
7 0.39 9.49 0.03 90.09 3.94 95.75 909.2 1.096 46 1.3510 KB + MB
8 0.80 9.85 0.04 89.31 747 92.15 835.7 1.097 77 1.3518 KB + MB

9,C 2.88 0.00 0.02 97.10 99.44 0.00 33703 1.03130 1.3410 LB + MB
10 3.38 0.64 0.02 95.96 83.56 15.90 2373.9 1.036 83 1.3429 LB + MB
1 3.57 1.98 0.02 94.43 64.00 35.56 1691.6 1.048 38 1.344 1 LB + MB
12 3.61 4.20 0.03 92.16 46.01 53.59 1175.0 1.054 27 1.346 5 LB + MB
13 2.39 5.50 0.03 92.08 30.14 69.50 1162.7 1.060 50 1.3459 LB + MB
14 1.79 6.57 0.03 91.61 21.32 78.29 1090.9 1.070 60 1.3476 LB + MB
15 1.65 7.00 0.03 91.32 19.04 80.58 1050.8 1.074 04 1.3482 LB + MB

16,E 131 10.57 0.05 88.07 10.96 88.62 738.6 1.102 10 13528 LB + KB + MB

. LB #F/8 LipB4073H,0;5 KB #/R KoB4O74H,0;5 MB /8 MgyBs01-15H,0.
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Fig. 1 Phase diagram of lithium borate-potassium bo-
rate-magnesium borate-water system at 15 ‘C
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Fig.2 Water-diagram of lithium borate-potassium bo-
rate-magnesium borate-water system at 15 'C
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Fig.3 Xray diffraction pattern of the invariant point £
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Tab. 2 Solubilities of the quaternary system of lithium
borate-potassium borate-magnesium borate-water
in the invariant point at different temperatures

i R PETER Bk
C  LiB,O, K:BiO;  MgBO,
0 1.49 10.28 0.14 LB+KB+MBI1 k[10]
15 131 10.57 0.05 LB+KB+MB2 A3
75 6.44 40.19 731  LB+KB+MBI 3Ciik[11]

#: LB /R LiB4O;3H,0; KB FE/R KoB,0,4H,0; MB1 R
MgB.07-9H,0; MB2 /R Mg,Bs0,;-15H,0.
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Fig. 4 Comparison of the phase diagram of the quarter-
nary system of lithium borate-potassium borate-
magnesium borate-water at 0 ‘C,75 C and 15 C
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Fig. 5 Diagram of the density and refractive index of the quaternary system of lithium borate-potassium borate-magnesium

borate at 15 °C vs. composition

L S AT . A 2R 9 A 100 38 T A 8 ik T i £
AE .BE I, Ffi LiyBsO; TIEFGHOM NS A1 K
B, IS E SRR 1.102 10 glem’ ; 7EVA R
ik EC &, B Li,B,O; TIEHEEE 2 M s/ Ve
PO 1.10210 ~ 1.031 30 g/em’. R R T
AR R 5 BE AR AR B AR ), RS E kiR
KAH 1.352 8.
2.3 FERBEZTESTERERITE

AR AXIHZIERTE 15 CHEAE M R
W MPER A TS SRS
ST FRAIFRAESEL, I AR ST 14 2
B PR ny e .

1n(p1/p0):ZAiW[ 1)
lnh=zBiWi 2)
Apo

s po WAKBRE, 15 CHE po=0.999 09 g/em’; npg
REKITHEEE, 15 CHE npo = 1.333 392, p 45tk
FHE 5 np R4S SRARTTER s wi WS @ FhEb i I
B A IR RV TE BB B WK RIS AT

A S xR R LibBO;  KoByO;
Mg,BsOn WU REZREL 4, 53720 0.01068.0.007 79
0.009 61, ¥R ZEL B; 735124 0.00228.0.001 01,
0.002 33, IS ) % B AT OGRS H. %
T KA X 220 0.30% , 3T 6 2 85 KA X M 25
0.09%, T8 5 LI M) & BT

3 & it

SR JH S VA AP A 2 5 DU TR R AR A - AR
P-TNRRBE—/KTE 15 CHRIARP-Hr SARIE, ME TR R



2021 £ 4 A

KRG, . 15 CHIRRHL-FRR - RR B K A Z A S AR - 19 -

Ve FE R P RAR B B AR, W5k

(D %PUICIAR R 15 Chae A B & —A 284
U3 AR IR 3 SRR fh XL LA X
A4 Li,B407-3H,0.K,B407:4H,0 . Mg,B6Oyy-
15H,0, Z/K A (MgBsO11-15H,0) & —FP e i)
BEONRRER , R R TC I AR A Eh A 7.

(2) 2t Bz I TR A R BE T AR AT DL A&
PR R ZR B R RN AR B %) [T AR 25 R AR TR, T
PIRREE M4 i TE AR R, Z/KIIBE 4 B 45 fh X K T3
[CIEE A

(3) PR Y %2 B2 | A6 38 BEWORH 20 A2 Ak i
EIMARTER AR A, B RO CRIE LM i Ab ik 3
I KAE. 18 502 -1 BB 119 25 B ATt
R, G R T L, —E W) GRS
S 3Tk :

L1 AR, B R R R 7 b o R i 5% (], JeHLER
Tk, 2005,37(4) : 1-3.

[2] MREZN, RLT, XIE T, e R e o2 g ().
BHE $412,2017,35(12) : 77-82.

(3] FB&p-F, ik, HiEhv IR G R0 5 T gk
Jrekms 0], R, 2017,35(12) - 11-13.

(4] M, oA, R4 %, =0k R Mg™/s0;
B,O% —H,0 25 °C 13 2 R (9B (7). i
W58, 1997,5(3/4) : 42-46.

[5] MengL Z,LiD. Solid-liquid stable phase equilibrium of
the ternary systems MgCl, + MgB¢O;¢ + H,O and MgSO,

+MgB4Ojo + H,O at 308.15 K[J]. Brazilian Journal of
Chemical Engineering, 2014, 31 (1) : 251-258.

[6] GuoYF,SunSR,GaoDL,et al. Phase equilibrium and
phase diagram of the ternary system (MgCl, + MgB,0, +
H,0)at 288 and 298 K[J]. Acta Geologica Sinica :
English Edition, 2014, 88(S1) :326-327.

(7] WRAR,IMA, 2R, % —J0kR K, Mg™/ B,0T -
H,0 25 CHISCRMIFE [J]. hilIwsE, 2004, 12(2) : 19—
22.

[8] i, w3, TJUA, % —JikR K',Mg"/ B,0Y -
H,O 348K Fi & Ml-F-#r At 5t L], & ¥ s 471, 2013,
33(1) : 116-120.

[9] FuC,Sang S H,Zhou M F,et al. Phase equilibria in the

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

ternary systems Li,B,0,-MgB,0,-H,O and K,B40;,-
MgB,0,-H,0 at 273 K[J]. Journal of Chemical and En-
gineering Data, 2016,61:1071-1077.

FAE skiee, W, S WOCAR LT, K, Mg
B,0 ~H,0 273 K AIF-Miii7c 1], b 1244, 2017,
68(9) :3343-3349.

Tan Q,Zeng Y,Mu P T,et al. Stable phase equilibrium
of aqueous quaternary system Li", K, Mg®//borate-H,O
at 348 K[J]. Journal of Chemical and Engineering Data,
2014,59:4173-4178.

IV, R A, SRS R R Vs i S AR AL RIRIESE L]
ERIAFE, 1999,7(2) : 16-22.

WangH, Li L, Wang M X, et al. Solid-liquid phase equi-
aqueous system (MgSO4+
Mg,Bs0;,+H,0) at (288.15, 298.15, 308.15) K [J]. Jour-
nal of Chemical and Engineering Data,2017,62(10) :
3334-3340.

R, LR, R, 55, Na,B,0,-Mg,Bs0,,-H,0 14
% 298. 15K W EBAHFAOTFE (1], KRR
#2,2017,32(4) : 36-40.

Wang S Q,Du X M,Jing Y,et al. Solid-liquid phase

librium of the ternary

equilibrium in the ternary systems (Li,B,O,+MgB,O+
H,0) and (Na,B,0,+MgB,0,+H,0) at 298.15 K [J]. Jour-
nal of Chemical and Engineering Data,2017,62:253—
258.
SOF, CE LR, EARAE, F. S JL R LipBOr-
Mg,B¢0,1-H,0 7£ 308.15 K I} [ AR #5AF5E (], 1k
2T #2,2016,44 (3) : 36-40.
2R SRR B R, G ZOKIEE A A B TR
(7). " EFHLIEC,2014,9(9) : 1080-1082.
AR, ke, Brdle. KERAR AR K M. JEst:
ez olk i A, 2013.
AR, PRI, e, 5. — A T Vs V2 B rr)
RI[T]. ERMARFST, 2006, 14 (2) : 56-61.
PRI — AT R 8 pi K 285 B2 FR B i B AR Y <
WA Bk FE Ot 2 — [0, EhWESE, 1990 (2) -
15-20.
Speight J M. Lange’s Handbook of Chemistry [M]. New
York: McGeaw-Hill, 2005.

RIEHIE: AL R



