9536 55 8 1) T HL ik =3 27 Eihd Vol.36 No.8
20204E 8 A CHINESE JOURNAL OF INORGANIC CHEMISTRY 1421-1429

Mg(BO,), £ MgCL KA P HHETEES K EFE

F#iz' B &t ZEMW X M’ K M FXF B ke
(REMEXFHF TREMHFE, RE 300457
CREMBRFZHEFLSREF R, RE  300457)

FE B SR X AT B (XRD)KEIN FB , X Mg(BO,), £ MgCl, 7K 7 1% A 7K fifk ) 1 T AR -5 ) b Ak 2 - A AR ke A
THF5E . SE5FRRE, MeCL T Mg(BO,), F 1% fif e Ak . 20 S0 B B8 F R 0 R A A5 AR SZ ) < (1)BE# MgCL ¥R B2 DA 0 3K S 400 A
Mg(BO,), 112 ML i Rk BE M 0.79% 3N E) 1.96% , pH {E M 9.96 F£51] 6.27 ; (2) Mg(BO,), 7E4li 7K FR 7K St i [ 41 Mg,B,0,, - 15H,0 Al
Mg(OH),, 75 MgCL 7AW "H I 18 & #H Mg,B0,, - 15H,0 Fl Mg,CL(OH), - 4H,0;(3) Mg(BO,), 7E4fi /K th /K fi , B 1 3222 4 B,0,(OH) >
H1B,0,(0H),, 4351 (5 WUAH BT &5 4 9 49.81% 1 19.54% ., 7E MgCL LRI+ , 325 B,0,(OH), Hl B,O,0H),™, 73 31l & ¥ A 3
W5 B 1Y 44.57% F140.00%

KR : Mg(BO,),; MeCly; HrE i s b2 T4l ; VERE
FESES: P578.93; 0642.42; 0642.4'3 SCRRARIRED: A XEHS: 1001-4861(2020)08-1421-09
DOI: 10.11862/CJ1C.2020.141

Phase Equilibria and Chemical Equilibrium of Mg(BQO,), in MgCl, Aqueous Solution
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Abstract: The solid liquid phase equilibria and species chemical equilibrium of Mg(BO,), dissociated in MgCl,
aqueous solution were studied by means of Raman spectroscopy and X ray diffraction (XRD). The results indicate
that the MgCl, concentration has a great influence Mg(BO,), dissociation. (1) With the increasing of MgCl, concentra-
tion from O to saturated state, the apparent solubility of Mg(BO,), increased from 0.79% to 1.96%, and pH value de-
creased from 9.96 to 6.27; (2) Solid species are changed gradually from Mg,B,0,,- 15H,0 and Mg(OH),, to Mg,B,O,, -
15H,0 and Mg,Cl,(OH),-4H,0; (3) Main species of polylobate anions change from B,05(OH),” and B,0,(OH),” with
the accounts of 49.81% and 19.54%, to B,0,(OH),” and B,O,OH),” with accounts of 44.57% and 40.00%,

respectively.
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Table 1 Changes of solid and liquid phase during Mg(BQ,), dissolved in water (298.15 K, 101.3 kPa)

Content of liquid phase / % (w/w)

Solution density /

Content of wet solid / % (w/w)

Time / h pH value  Solid ny/ny,
Mg?* B (total) (kg-L7 Mg?* B (total)
24 0.181 0.150 1.006 98 4.130 3.600 9.96 2.00
96 0.180 0.150 1.006 71 5.747 5.021 9.96 2.00
240 0.178 0.153 1.006 95 7.036 6.119 9.94 1.99
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Fig.1 XRD patterns of Mg(BO,), solid and residual solid of Mg(BO,), dissolved in water
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Table 2 Apparent solid-liquid equilibria data for MgCl,-Mg(BQO,),-H,O system at 298.15 K and 101.3 kPa

Content of liquid phase / % (w/w) Solution density /

Content of wet solid / % (w/w)

No. pH value Solid phase
MgCl,  Mg(BO,), H,0 (kg- 1) Mg cr B(total)

Al 0.00 0.79 99.21 1.006 98 9.96 4.13 0.00 3.60 S1+S2

A2 6.38 0.87 92.75 1.062 56 9.26 3.59 3.93 1.96 S1+82+83

A3 12.41 0.85 86.74 1.119 96 8.62 471 7.96 1.73 S1+82+83

A4 17.52 0.94 81.54 1.224 22 8.19 6.29 10.63 242 S1+83

A5 21.42 1.01 77.57 1.313 07 7.66 7.06 13.29 2.18 S1+83

A6 29.70 1.17 69.13 1.377 10 6.77 8.53 19.00 1.88 S1+83

A7 35.50 1.99 62.52 1.380 70 6.27 12.00 29.91 1.53 S1+83+54

B1 35.66 1.98 62.36 1.380 71 6.29 10.07 29.46 0.65 S1+83+54

B2 35.40 1.17 63.43 1.369 82 6.10 9.62 26.81 0.37 S4

B3 35.34 0.81 63.85 1.347 59 5.97 11.11 31.92 0.14 s4

B4 35.23 0.00 64.77 1.332 90 4.95 11.27 32.87 0.00 S4

cl 0.00 0.79 99.21 1.006 95 9.94 7.04 0.00 6.12 S1482

c2 6.21 0.86 92.93 1.059 32 9.35 6.81 12.45 4.65 S1+82+83

c3 20.06 0.99 78.95 1.31299 7.75 11.71 12.45 10.00 S1+83

c4 27.94 111 70.95 1.375 94 6.93 12.34 17.44 8.50 S1+83

S,: Mg,B40,,+ 15H,0; S,: Mg(OH),; S;: Mg,Cl,(OH),-4H,0; S,: MgCl,-6H,0
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Table 3 Raman spectra peaks of the main species

of boron in liquid phase

Raman spectra peak / cm™

Species
This work Reference

B,0,(0OH), 437,440 442011

B,04(OH),> 565, 575 564~57014
B,0,(0OH), 620 610~62711
B(OH), 745, 750, 780 740~750!11]
B,04(OH), 520 525~526!!1
B(OH), 870 871~873MM1
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4H,0, X 1A1~12)F1R .
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2Mg*+2B,0,(0H) +10H,0 =
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(BO,), 2B , R GEA IR BIF A A A 2 V- Ay A ]
WA V-5 . X Mg(BO,), 7F MeCl, 7K %5 ¥ 7K fiff - fiiy
B RORH L B AT A3 WAL B e 2 h A 4 1~7 555G
A1)  PEAHPLE IS R IR AR KIS WAL 1.6
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Table 4 Raman spectra peak intensity of liquid species of Mg(BO,), dissolved in MgCl, solution

No. Concentration of Cl/ Intensity / a.u.
(mol kg™ [B,OyOH),]”  [BOOH),]" [BOJOH),], [B,0,OH)],;  BOH),”  B(OH),
1 0 68 25 130 40 22 3
2 1.45 32 31 21 15 8.5 32
3 3 34.1 38 12 12 7 3
4 4.51 35 37.5 8 9 6.5 4
5 5.8 36 34 6 7.5 6 3.6
6 9.02 24 18 3 4 34 2.46
7 11.93 26 14 2.7 3.6 3.2 2.2
i 565 B,0,(OH),>~
1404 @ o ¢ Experimental curve
120 _- Fitted curve
| B,0,(OH),” B,0,(OH), Peak curve
100 440 620
:: B
£ 80
E
8 60
S 4
40
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T T T T T T y T T y
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Raman shift / cm™
254 B.O.(OH). }, 440 -
(b) 373 B,0,(OH),~ Experimental curve
520 Fitted curve
20 B,0,(OH),> Peak curve
565
3 154
iy
g .
g 10 B,0,(OH). B(OH),
5 -
0
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(a) MgCl,: 0.0%: (b) MgCl,: 29.70%

K18 Mg(BO,), 1E MgCL, i K AR P Rl Y Raman St 1%
Fig.8 Raman spectra peak intensity of liquid species of Mg(BO,), dissolved in MgCl, solution
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Table 5 Distribution and molarity of boron contained species in liquid phase of Mg(BO,), dissolved in MgCl, solution

No. Concentration of [B,0,(OH),] [B,O,(OH),I [B,0(OH),]-
I~/ (mol -kg™) R m / (mol-kg™) R m / (mol -kg™) R m / (mol -kg™)
1 0 0.205 2 0.009 5 0.1258 0.004 9 0.523 1 0.018 2
2 1.45 0.245 1 0.014 0 0.3957 0.0135 0.214 4 0.009 2
3 3 0.264 8 0.0159 0.491 8 0.0177 0.124 3 0.005 6
4 451 0.290 1 0.020 3 0.518 0 0.0218 0.088 4 0.004 6
5 5.8 03233 0.0256 0.508 8 0.0242 0.071 8 0.004 3
6 9.02 0.3753 0.0387 0.469 1 0.0290 0.062 5 0.004 8
7 11.93 04457 0.086 2 0.400 0 0.046 4 0.0617 0.008 9
No. Concentration of [B,O5(OH), - B(OH),” B(OH),
CI7/ (mol -kg™) R m / (mol -kg™) R m / (mol -kg™) R m / (mol -kg™)
1 0 0.1207 0.005 6 0.022 1 0.003 1 0.0029 0.000 4
2 1.45 0.1149 0.006 5 0.0217 0.003 7 0.008 2 0.001 4
3 3 0.093 2 0.005 6 0.018 1 0.003 3 0.007 8 0.001 4
4 451 0.074 6 0.005 2 0.0180 0.003 8 0.0111 0.002 3
5 5.8 0.067 3 0.005 3 0.0180 0.004 3 0.0108 0.0026
6 9.02 0.062 5 0.006 4 0.0177 0.005 5 0.0128 0.004 0
7 11.93 0.0617 0.0119 0.018 3 0.0106 0.0126 0.007 3
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