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Fig. 1  Apparatus for solubility and the metastable zone width measurement
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Table 1  The dissolutionenthalpy and entropy values of
boric acid
. AH, AS,
LI -1 -1 -1 c
/(KJ*mol™") /(J'mol ™ -K™")
SCikfE 20.87 35.99 0.998 4
SLIG(H 19.59 31.43 0.990 7
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20T, 7E H BO, ¥k FE AR R 9 25 AF T, BiE
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Table 2 Metastable zone width values of boric acid in NaCl - H;BO; — H, 0 system

NaCl ¥/ %
7.98 12.00 16.02 19.99
H,BO, T, R AT, H;BO, T, R AT, H;BO, T, R AT, H,BO, T, R AT,
51 7.15 50 8.17 51 8.82 52 9.70
42 6.95 43 7.87 41 8.40 44 9.29
2.85 274.50 30 6.74 2,78 273.13 30 7.52 2.78 272.97 30 7.96 2.72 271.35 31 8.85
21 6.40 21 7.1 21 7.62 21 8.43
12 6.07 12 6.66 12 7.09 12 7.86
51 6.57 51 7.22 49 7.74 52 8.64
42 6.38 42 17.12 42 7.51 44 8.47
3.36 280.12 30 6.17 3.31 279.73 30 6.74 3.32 278.60 31 7.25 3.29 278.15 30 7.88
21 5.87 21 6.48 22 6.85 21 17.60
12 5.44 12 5.9 12 6.37 13 7.02
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NaCl ¥/ %
7.98 12.00 16.02 19.99
H,BO, T, R AT,. H;BO, T, R AT, H,BO, T, R AT, H;BO, T, R AT,
51 5.88 51 6.33 51 6.9 51 7.66
42 5.70 42 6.08 42  6.71 42 7.33
3.97 286.53 30 5.28 4.03 286.58 30 5.74 3.90 285.04 30 6.38 3.95 284.47 30 6.97
21 4.92 21 5.42 21 6.00 21 6.51
12 4.53 12 5.00 12 5.59 12 6.07
51 5.08 51 5.45 51 6.20 51 6.73
42 4.87 42 527 42 5.95 42 6.43
4.78 292.07 30 4.57 4.77 291.90 30 4.99 4.74 291.82 30 5.55 4.84 291.83 30 6.17
21 4.37 21 4.72 21 5.23 21 5.79
12 4.00 12 4.30 12 4.7 12 5.40
51 4.46 51 4.84 51 4.96 51 5.83
42 4.37 42 4.70 42 4.75 42 5.64
5.80 298.75 30 4.17 5.71 298.02 30 4.40 6.07 299.97 30 4.56 5.89 299.09 30 5.26
21 3.8 21 4.19 21 4.39 21 5.00
12 3.60 12 3.87 12 4.01 12 4.61
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Fig. 5 Plots of In(AT,,/T,) against InR for boric acid in 7.98% NaCl and 19.99% NaCl system
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Table 3  The values of m and K for boric acid in NaCl - H;BO; — H,0 system
NaCl ¥ i H,BO
AL TR T T,/K m o K/(x10%°m~h) R,
/% /(g/100g H,0)
2.85 274.50 8.62 1.32 0.994 5
3.36 280. 12 7.75 1.10 0.996 5
7.98 3.97 286.53 5.43 0.08 0.990 3
4.78 292.07 6.17 1.01 0.9915
5.80 298.75 6.54 6.87 0.991 4
2.78 273.13 7.14 0.06 0.988 5
3.31 279.73 7.63 0.44 0.994 2
12.00 4.03 286. 58 6.17 0.18 0.995 2
4.77 291.90 6.13 0.59 0.999 7
5.71 298.02 6.45 3.58 0.993 8
2.78 272.97 6.67 0.02 0.9856
3.32 278. 60 7.14 0.13 0.994 7
16.02 3.90 285. 04 6.49 0.15 0.9919
4.74 291.82 5.56 0.10 0.995 2
6.07 299.97 7.14 14.82 0.988 3
2.72 271.35 7.09 0.02 0.986 0
3.29 278. 15 6.85 0.04 0.992 6
19.99 3.95 284.47 6.25 0.07 0.988 6
4.84 291.83 6.67 0.48 0.989 2
5.89 299.09 6.13 0.72 0.991 7
70001 7.98% NaCl . 19'99;/‘;11\133%
v 274.50K 4000 1 © 27815K
6000 . *280.12K . s 204K
* 286.53K ;
LN s . A2007K S . A 29L83K
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Fig. 6 Plots of (T,/AT,

InR

InR

6 7.98% NaCl il 19.99% NaCl {AZH H,BO, ) ( T,/AT,, )>Fl InR % Z[&]

max

)? against InR for boric acid in 7.98% NaCl and 19.99% NaCl system
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Table 4 The values of A and y for boric acid in NaCl - H;BO, — H, 0 system
NaCl ¥ J& H,BO, T,/K A/( x10%*m™>-h7") v/(mJ-m™?) R

/% /(g/100g H,0)
2.85 274.50 6.98 4.80 0.995 3
3.36 280. 12 7.77 4.50 0.988 2

7.98 3.97 286.53 8.46 3.59 0.997 4
4.78 292.07 9.83 3.40 0.996 2
5.80 298.75 11.29 3.19 0.986 8
2.78 273.13 6.41 5.02 0.995 4
3.31 279.73 7.24 4.73 0.988 3

12.00 4.03 286.58 8.19 3.93 0.999 7
4.717 291.90 9.25 3.53 0.993 0
5.71 298.02 10.54 3.30 0.998 3
2.78 272.97 6.03 5.09 0.9957
3.32 278. 60 6.89 4.79 0.995 1

16.02 3.90 285.04 7.61 4.26 0.998 5
4.74 291.82 8.63 3.66 0.999 1
6.07 299.97 10.50 3.45 0.9823
2.72 271.35 5.56 5.44 0.994 6
3.29 278.15 6.32 4.95 0.9911

19.99 3.95 284.47 7.12 4.35 0.996 5
4.84 291.83 8.24 4.07 0.995 3
5.89 299.09 9.37 3.56 0.998 5
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Study on Enrichment of Low Grade Boron Ore in Da Qaidam
LI Wu, LIANG Jian, YANG Bo, PENG Jiao-yu,MENG Qing-fen, HUANG Pei-jing,
KONG Fan-zhi, DONG Ya-ping
( Qinghai Institute of Salt Lakes, Chinese Academy of Sciences, Xining, 810008, China)

Abstract : Da Qaidam Salt Lake is a typical sulfate salt subtype salt lakes with abundant Boron and Lithi-
um in Qinghai-Tibet Plateau. Nine kinds of borate minerals have been discovered in Da Qaidam Salt
Lakes, coexisted with several carbonates, sulfate salts, halite and ooze. The feature of the boron deposit
makes the grade of this kind of borate minerals low and difficult to utilize. Based on the analysis to the
component of boron ore and associated ores in this area, Hydraulic Vortex Flow Method was used to sepa-
rate the gypsum and carbonate according to the difference of physical properties, and the boron ore of
higher grade with impurities of carbonate or sulfate salts were obtained respectively for further processing.
This method can reduce the consumption of decomposition agent during the further processing, and pro-
vides a new utilization route for this kind of boron resource with low grade.

Key words:Da Qaidam ; Low-grade borates ; Hydrocyclone separation ; Carbortes ; Sulfate salts

(L3536 )

The Effect of Sodium Chloride on the Solubility, Metastable
Zone Width and Nucleation Kinetics of Boric Acid

DONG Nai-jin'* ,DONG Ya-ping' ,PENG Jiao-yu"”, WANG Li-ping'
(1. Qinghai Institute of Salt Lakes , Chinese Academy of Sciences ,Xining ,810008 , China ;
2. University of Chinese Academy of Sciences , Beijing ,100049 , China )

Abstract ; The solubility and metastable zone width of boric acid in solutions containing sodium chloride
were determined in the temperature ranging from 261. 15 K to 295. 15 K by turbidity method. At the same
time the dissolution enthalpy and entropy of boric acid in aqueous solution were calculated by van’ t Hoff
equation. The self-consistent Nyvlt-like equation and the novel equation based on classical three-dimen-
sional nucleation theory were used to explain the nucleation kinetics of boric acid and the relevant param-
eters were obtained. The experimental results showed that sodium chloride has little influence on the solu-
bility of boric acid. The metastable zone width of boric acid becomes wider with increasing the concentra-
tion of sodium chloride whereas decreases with improvement of the saturation temperature.

Key words : Boric acid;Sodium chloride ; Solubility ; Metastable zone ; Nucleation kinetics



