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F&2 Mg(BO,), 1k MgSO, /KR /KA A R AHLL N (T =298. 15 K)
Table 2 Solid and liquid composition of Mg(BO, ), decomposed in MgSO, aqueous solution( 7 =298. 15 K)

Liquid Phase/% Density Wet Solid/ %
NO. pH . Solid Phase
Mg* B0, S0, /(kgL7h) Mgt B,0;  S0,°"
A0 0.02 0.16 0 9.98 1.000 4 33.44 32.51 0 Sl +$4
Al 1.21  0.28 5.43 9.46 1.058 8 20.06 26.50 0.39 S2+S3+4
A2 2.43  0.38 10.06 9.26 1.1213 20.48 26.55 1.28 S2+S3+4
A3 3.54  0.56 14.36 8.95 1.187 1 19.93 24.82  2.82 S2+83+54
A4 4.73  0.61 18.54 8.69 1.2555 20.21 27.64  8.21 S2 +S3+4

A5 5.82  0.80 22.717 8.41 1.315 7

19.13 17.82  15.39 S2+S3+84+S5

S1:Mg,B,0,, -15H,0; S2: MgB,0,-9H,0; S3:MgB,0(OH),; $4:Mg(OH),; S5:MgSO0, -7H,0

1.0p

B,0,/%

0.0 1 1 2 1 N 2 )
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Fig. 1 Apparent solubility of Mg(BO, ), changes

with SO,”” molality.
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Fig. 5 Raman spectra peak intensity of liquid boron species of Mg(BO, ), decomposed in water and saturated MgSO, solution
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HRKT B,0,(OH), , ikl pH FEAEE4 1 THE
#5905 B0, (OH),* ™ (5 HUARMK LB pH AEE, i
B,O, (OH), i He i 2 OR4 i s O W 5 THA 1Y
B,0, (OH) *~ G/ HL5E TR R 3, T AR 5
W ETh Sk SEAN[R) W], 064 W e o0 A AN AL
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AR
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Table 3 Species distribution R and molarity m vary with SO,>~ concentration of liquid boron species
50,2/ B,0,(OH),>" B,0,(OH), B,0,(OH),*" B(OH), H,BO,

NO m/ m/ m/ m/ m/

mol - kg™ (mol-kg™") (mol-kg™") (mol-kg™") (mol-kg™") (mol-kg™")
A0 0.00 0.146 8 0.001 7 0.5007 0.0079 0.0477 0.0008 0.2343 0.0110 0.0704 0.003 3
Al 0.61 0.0995 0.0022 0.5867 0.0171 0.1702 0.0050 0.1310 0.0114 0.0126 0.001 1
A2 1.20 0.0683 0.0021 0.5659 0.0235 0.2705 0.0112 0.0817 0.0102 0.0135 0.001 7
A3 1.82 0.0559 0.0028 0.5649 0.0372 0.3152 0.0207 0.0617 0.0122 0.0022 0.000 4
A4 2.52 0.0446 0.0026 0.5598 0.0433 0.3502 0.0271 0.0437 0.0101 0.0017 0.000 4
A5 3.33 0.0375 0.0031 0.5560 0.0606 0.3716 0.0405 0.0342 0.0112 0.0007 0.0002
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MgSO, MR B F#AIT, pH M 8.41 FFE 2 6.09, 41

7, 7£ 80,7 Al C1™ AR R, vk 2 C1°
B AT B AR 0 A, A AR [

WARZHIR LR 4, JUL [ AR RE b A 22K il BE £
Mg, B, O,, - 15H, O (S1) | & =L # B A1 MgB, O, -
9H,0(S2) .fs\A LB Mg, CI(OH), -4H,0(S6)
A4, ILIE 8. 78 MgCl, o O (19 EO A1 5 2 Ik i)
E1 55,4 Mg(OH), (S4) H 3L, iX P sl W AH pH 5

T Mg(OH), B3z pH(IE 7 HHEEZL) .

concentration of liquid boron species

r o Liquid pH
---- pH of Mg (OH) ,generation
10
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E

6 'l
0.0 0.2
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C/ (CP-S0%, ) | BEARAY %
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Fig. 7 Liquid pH changes with [ Cl,>/
(CL*" +80,”7) ]

&4 Mg(BO,), 1k MgSO, - MgCl, — H, 0 fA ZK fiff SRR (T =298. 15 K)
Table 4 Solid and liquid composition of Mg( BO, ), decomposed in MgSO, — MgCl, aqueous solution( 7'=298. 15 K)

Liquid Phase/% Density/ Wet Solid/%
No. Solid phase
Mg** B,0; Cl-  SO,*" (kg-L™") Mg>* B,0, ¢~ S0

FEO(AS) 5.82 0.80 0.00 22.77 8.41 1.3157 19.13 17.82 0.00 15.39  SI +S2+S3+S4 +S5
El 5.45 0.98 4.32 15.86 8.35 1.2718 15.91 9.31 6.01 16.14 Sl +S2+S4 +S5+56
E2 5.67 0.84 8.85 10.14 8.20 1.2502 15.62 12.25 8.96 4.87 S1+S2+S5+S6
E3 6.13 0.70 12.36 6.99 7.91 1.2511 13.15 10.41 11.97 5.40 S1+S2+S5+S6
F4 6.83 0.57 15.95 5.02 7.53 1.2737 13.85 14.68 15.40 0.95 S1+S2+S5+S6
ES 8.04 0.60 20.30 3.24 6.74 1.3147 13.28 19.98 15.36 4.45 S1+S2+S5+S6
E6 8.69 0.90 22.60 3.04 6.09 1.3409 13.43 25.52 18.14 0.32  SI+S2+S5+86+S7

S1:Mg,B,0,, -15H,0;52: MgB,0,-9H,0;54:Mg( OH), ;36 :Mg,Cl( OH) , -4H,0;S7 : MgSO, -7H, 0;8 : MgCl, -6H,0
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Fig. 9 Liquid phase Raman spectroscopy of Mg(BO, ),
decomposed in MgSO, — MgCl, aqueous solution
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Fig. 11 Molar fraction of liquid boron species change

with liquid pH

F=S5 HMPFSAT R I IKE m (mol-kg™') B[ CL*™/(CL*™ +80,°") WKL &L
Table 5 Species distribution R and molarity m vary with [ Cl,>~/(CL>" +S0,% )] of liquid boron species

B,0,(OH), B,0,(0H),>" B,0,(0H),
NO. [CL* /(CL*>" +S0,>7)] m/ m/ m/
(mol-kg™") K (mol-kg™") K (mol-kg™")

EO(A5) 0.00 0.000 0 0.000 0 0.037 5 0.003 1 0.556 0 0.060 6

El 0.27 0.000 0 0.000 0 0.051 0 0.004 9 0.529 9 0.067 6

E2 0.54 0.000 0 0.000 0 0.070 6 0.005 7 0.551 3 0.059 6

E3 0.71 0.000 0 0.000 0 0.079 3 0.005 4 0.564 1 0.051 1

E4 0.81 0.000 0 0.000 0 0.092 3 0.005 3 0.578 2 0.043 9

E5 0.89 0.006 4 0.000 3 0.105 0 0.006 7 0.580 2 0.049 5

E6 0.91 0.022 7 0.001 8 0.104 5 0.010 4 0.589 1 0.078 1




10 RIS 5 30 &
gxs
B,0,(OH) >~ B(OH), " H,BO,
NO. [CL*> /(CL>" +S0,°7)] m/ m/ m/
(mol-kg™") (mol-kg™") (mol-kg™")
EO(A5) 0.00 0.371 6 0.040 5 0.034 2 0.011 2 0.000 7 0.000 2
El 0.27 0.365 7 0.046 6 0.043 6 0.016 7 5.0704  0.0038
E2 0.54 0.297 6 0.032 2 0.074 7 0.024 3 4.0704  0.0019
E3 0.71 0.258 9 0.023 5 0.083 6 0.022 7 3.0704  0.0038
F4 0.81 0.207 9 0.015 8 0.1133 0.025 8 2.0704  0.0019
E5 0.89 0.170 4 0.014 5 0.1223 0.0313 1.0704  0.004 0
E6 0.91 0.146 2 0.019 4 0.128 1 0.0510 0.0704  0.003 8
2.2.3  mRpAY Y B R AR P a=3,4;b=35;i=1,2;a, J/KIEE, W6,

XoF HEVBCRE B A o3 A R R0 B ER [T AR, AT A5
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£ MgSO, — H, 0 K R A MgB, 0 (OH ), 2k i fH
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bH,0 + (a — i) OH™ (R8), Horr [z i i1 &R %L
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FH 4 58, SOV TS BERT Q% TP A &
I M H KL, H InQ = AG/RT,
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B,0,(OH); :InQ = —=1.972-m , - 1.392-

m, —10.600 R*>=0.994 6, (6)
B,0,(O0H)> :InQ = - 1.275-m, —0. 3741 -
m, - 1.508 R*>=0.990 6, (7)
B,0,(OH),” :InQ = —2.342-m, - 2. 461 -
m, —6.535 R*=0.993 4, (8)

ot my A m, 430 2 CL™ A SO,” ™ B JEE SR vk
o X—RRBMER 12 1 3 2sEPFE I, = ook
# MgSO, - MgCl, - H,0 1y InQ {E, 16 4f ¥& £E th
MgSO, — H,0 MgCl, - H,0 B4~ —JCiA & InQ B
SR O g ] T o2 R 1 L O
KTF0.99, d T3 35S WkE R ER, £
B[ CL].[S0,°" J¥kBE S InQ [k, {H 1 5%
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11

NaOH {& 2 W15l 7341 ¢ R 1 InQ 37 & 3] MgSO,,

MgCl, ,MgSO, — MgCL /KM I £ 0K £

F&6 MgSO, - MgCl, - H, 0 {& R BOK I

Table 6 Water activity of MgSO, — MgCl, — H,O system

2-

Cl- S0,*" a, Cl- S0,*" a, Cl- S0, a,
NO. NO. NO.
/mol -kg ™! /mol -kg ™! /mol -kg ™!
A0 0.00 0.00 0.9978 BI 1.45 0.00 0.9238 ElI 1.64 2.23  0.848 4
Al 0.00 0.61 0.9908 B2  3.00 0.00 0.8252 E2 3.33 1.41  0.7950
A2 0.00 1.20 0.9781 B3  4.51 0.00 0.7217 E3 4.69 0.98 0.7427
A3 0.00 1.82  0.9578 B4  5.80 0.00 0.6373 F4 6.25 0.73  0.6757
A4 0.00 2.52 0.9271 B5  9.02 0.00 0.4617 E5 8.39 0.49  0.5814
A5 0.00 3.33 0.8874 B6 11.93  0.00 0.3466 E6 9.75 0.48 0.5275
F&7 MgS0, MgCL"”' MgS0, - MgCl, — H,0 fhF i = EHH A Q {f (T=298.15 K)
Table 7 of major boron species in MgSO, ,MgCL**!  MgSO, — MgCl, aqueous solution( T’ =298.15 K)
xo. cl/ S0,%"/ Q
mol kg ™' mol -kg ™' B,0,(OH), B,0,(OH),*" B,0,(OH),*"

A0 0 0.00 2.24 x107% 1.06 x10™” 1.35x107%

Al 0 0.61 9.26 x10°% 9.31 x10™" 1.01 x10™*

A2 0 1.20 6.89 x107% 1.81 x10 ™" 5.85 x107%

A3 0 1.82 1.43 x107% 8.97 x10 ™" 7.99 x107%

A4 0 2.52 7.95 x107" 1.02 x10 ™" 4.03 x107%

A5 0 3.33 2.00 107" 5.20 x10™” 7.12 %1077

Bl 1.45 0 1.41 x107% 3.73 x10 ™" 7.24 107"

B2 3.00 0 6.06 x10™% 6.91 x10™" 2.05 x10™®

B3 4.51 0 4.56 x10™” 1.64 x10™" 9.70 x10°*

B4 5.80 0 1.34 x107"° 1.31 x10™™ 1.70 x10™%

B5 9.02 0 4.57 x107" 2.40 x10° 1.41 x107"

B6 11.93 0 3.02 x107" 4.28 x10™" 1.34 x107"

El 1.64 2.23 4.45 x107® 1.37 x10™” 1.38 x10™”

E2 3.33 1.41 5.27 x107%” 1.80 x10™" 1.32 x107%

E3 4.69 0.98 1.18 x107” 6.65 x10 ™" 3.01 x107%

F4 6.25 0.73 9.05 x10 " 9.60 x10™" 1.92 x107"°

E5 8.39 0.49 9.58 x10~" 5.12 x107% 1.40 x10°"

E6 9.75 0.48 1.31 x107" 2.65 x107” 9.53 x107"
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Phase Equilibria and Species Chemical Equilibrium of Mg(BO, ),
Decomposed in MgSO, and MgCl, - MgSO, Aqueous Solutions

WEI Feng-dan' ,ZHOU Huan'* ,HAO Qing' ,ZHAO Yun', YAN Bo’
(1. College of Chemical Engineering and Materials Science , Tianjin ,300457 , China ;
2. College of Marine and Materials Environmental Science , Tianjin ,300457 , China)

Abstract ; Bittern of magnesium sulfate subtype salt lake is saturated with MgCl, and MgSO, , which enriches
elements of Mg,B and Li. Expressing the thermodynamics of water salt system containing boron is difficult, the
existing species and chemical equilibrium of boron in water salt system were studied. In this paper,the decom-
position and species equilibrium behaviors of Mg( BO, ), in MgSO, and MgSO, — MgCl, aqueous solution were
quantitatively studied by means of Raman spectroscopy and X-ray diffraction ( XRD). The results are as fol-
lows. (1) The solid phases of Mg( BO, ), decomposed in MgSO, solution are MgB,O( OH),,MgB,0,-9H,0
and Mg(OH),. And the decomposed solid species in MgSO, — MgCl, aqueous solution are Mg,B,0,, - 15H,0,
MgB,0,-9H,0,Mg,CI(OH),-4H,0. (2) Liquid species of Mg(BO, ), decomposed in MgSO4 aqueous solu-
tion were determined to be B,0,(OH), ,B,0,(OH),>" ,B(OH),; ,B,0,(0OH),*” and H,BO,. And with the
MgSO, concentration from O to saturation, B; O, (OH), accounts for more than 50. 07% of the total boron
quantity ,and B;0,(OH),’~ increases from 4.77% to 37.16% ; (3) In MgSO, — MgCl, aqueous solution, B,
0,(OH), ,B,0,(OH),*>" and B(OH), are the main species, when MgCl, and MgSO, are co-saturation solu-
tion , respectively accounting for 58.91% ,14.62% and 12.81% . (4) The activity quotient InQ) between bo-
ron species is mainly related to pH of liquid,also limited to water activity , meanwhile , it takes the linear rela-
tionship with molar concentrations of MgSO, and MgCl,. So,InQ in H;BO, — NaOH system can be extended to
the multicomponent system of (MgSO, ,MgCl, and MgSO, — MgCl, ) aqueous solution. Therefore ,the quantita-
tive relationship of boron species can be obtained ,which can provide a basis for calculating the species distri-
bution of boron in salt water system and the thermodynamic properties of boron containing electrolyte solution.

Key words: Magnesium metaborate; Magnesium sulfate; Raman spectroscopy; Chemical equilibrium; Solution structure



