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Abstract

In this paper, the metastable zone of boric acid and the 3D nucleation theoretical model were inves-
tigated. To examine the effects of different impurity ions on the metastable zone of boric acid, two
typical impurity ions (Na+ and Cl-) were selected for experimentation, each at three concentrations
(200 ppm, 600 ppm, and 1000 ppm). The results demonstrate that as the impurity ion concentration
increases, the corrected nucleation order of boric acid gradually rises. The influence of Na* and Cl-
on the nucleation order was found to be broadly similar. The study of the 3D nucleation theory model
of crystallization shows that in pure boric acid solution, as the saturation temperature increases,
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the interfacial energy y gradually decreases, while the kinetic factor A shows the opposite trend of
change. For saturated boric acid solutions at the same temperature, the addition of impurity ions
leads to a gradual increase in interfacial energy (y), with higher ion concentrations resulting in
greater increments of interfacial energy.
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Figure 1. Measuring device for the width of the metastable zone
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Figure 2. Relationship between the rate of temperature drop at different saturation temperatures and the metastable zone of
boric acid
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Table 1. The fitting equations and parameters of the boric acid metastable zone
+* 1 WERNRRMEHERSH
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048 |-

TR YO AR /K WETTHE B A B BIE
298 y =0.1486x + 0.2909 0.1486 0.2909 6.73
303 y = 0.1533x + 0.3029 0.1533 0.3029 6.52
308 y =0.1282x + 0.3625 0.1282 0.3625 7.80 75
313 y = 0.1088x + 0.4060 0.1088 0.4060 9.19
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Figure 3. Effects of CI7/200 ppm, 600 ppm, and 1000 ppm on the metastable zone of boric acid
[& 3. CI-/200 ppm. 600 ppm. 1000 ppm X Hif% /%2 X B 220
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Figure 4. Effects of Na*/200 ppm, 600 ppm, and 1000 ppm on the metastable region of boric acid
4. Na*/200 ppm. 600 ppm. 1000 ppm X} #liE& /%2 X A 520
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Table 2. The statistical table of boric acid fitting equation and nucleation series at different concentrations of Na*
2 2. TR Na KR E TR & S IR AR R B H T R

o 0 B AN BA% 7 1 B A JAZ I &Ik
298K/200 ppm y =0.1493x + 0.2712 0.1493 0.2712 6.70
303K/200 ppm y = 0.1509x + 0.2859 0.1509 0.2859 6.63
308K/200 ppm y = 0.1329x + 0.3420 0.1329 0.3420 7.52 140
313K/200 ppm y =0.1115x + 0.3862 0.1115 0.3862 8.97
298K/600 ppm y = 0.1458x + 0.3083 0.1458 0.3083 6.86
303K/600 ppm y =0.1421x + 0.3283 0.1421 0.3283 7.04
308K/600 ppm y =0.1276x + 0.3760 0.1276 0.3760 7.84 R
313K/600 ppm y =0.1087x + 0.4161 0.1087 0.4161 9.20
298K/1000 ppm y =0.1493x + 0.2712 0.1471 0.3211 6.80
303K/1000 ppm y = 0.1509x + 0.2859 0.1369 0.3551 7.30
308K/1000 ppm y =0.1329x + 0.3420 0.1242 0.3934 8.05 1%
313K/1000 ppm y =0.1115x + 0.3862 0.1053 0.4330 9.50
Table 3. The statistical table of boric acid fitting equation and nucleation series at different concentrations of CI~
= 3. T[] CIKE B & H R BRAZ R G it 5=
POFIRE! IR A% AR B A B G BIE
298K/200 ppm y = 0.1542x + 0.2965 0.1542 0.2965 6.49
303K/200 ppm y =0.1521x + 0.3125 0.1521 0.3125 6.57
308K/200 ppm y =0.1328x + 0.3687 0.1328 0.3687 7.53 7%
313K/200 ppm y =0.1115x + 0.4086 0.1115 0.4086 8.97
298K/600 ppm y = 0.1459x + 0.3245 0.1459 0.3245 6.85
303K/600 ppm y =0.1441x + 0.3413 0.1441 0.3413 6.94
308K/600 ppm y =0.1115x + 0.4055 0.1115 0.4055 8.97 804
313K/600 ppm y =0.1066x + 0.4292 0.1066 0.4292 9.38
298K/1000 ppm y =0.1411x + 0.3496 0.1411 0.3496 7.09 7.95
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303K/1000 ppm y = 0.1388x + 0.3666 0.1388 0.3666 7.20
308K/1000 ppm y = 0.1185x + 0.4176 0.1185 0.4176 8.44
313K/1000 ppm y = 0.1108x + 0.4444 0.1108 0.4444 9.03
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Table 4. The fitting equations and parameters of boric acid 3D metastable region

4. WL 3D NIRXMAHERSH

VAR /K WETIE F1 F FrHIRE y A
298 y = —2358x + 15434 ~2358 15,434 2110.59 5.207 x 102
303 y = —3085x + 17902 ~3085 17,902 1919.54 1.130 x 10%
308 y = —4088x + 21921 ~4088 21,921 1738.59 1.812 x 10%

313 y =—4208x + 22732 —4208 22,732 1712.50 1.800 x 10%

19000
18000

17000 |- .\

16000 |-

15000 [
14000 [
13000 [

(To/ATrmax)?

12000 |-

11000 [

10000 | T~ Ta
\V\

9000

V4

8000-""""""""""'
10 12 14 16 18 20 22 24 26 28 30

InR
VIFIIE BT 298K, A MIFIIRE 303K, oMU 308K, wiAIEE 313K

Figure 5. Relationship between (To/ATmax)? and InR at different saturation temperatures of boric acid
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Figure 6. Effects of CI7/200 ppm, 600 ppm, and 1000 ppm on the 3D metastable zone model of boric acid
6. CI7/200 ppm. 600 ppm. 1000 ppm X #fZ 3D NFaX4E R AN SN
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Figure 7. Effects of Na*/200 ppm, 600 ppm, and 1000 ppm on the 3D metastable zone model of boric acid
& 7. Na*/200 ppm. 600 ppm. 1000 ppm X3#iE& 3D NFa X iR HIS200

InR

Table 5. The statistical table of the fitting equation of boric acid 3D metastable zone model under different Na* concentrations

& 5. T[E) Na7RE THiE 3D MR XREHE HIEG TR

TRl FE INat vk A TR F1 F FHIRE y A
298K/200 ppm y = —2133x + 14151 -2133 14,151 2182.03 4.766 x 1023
303K/200 ppm y = —2917x + 16635 —2917 16,635 1955.51 1.249 x 10%
308K/200 ppm y = —3839x + 20281 —3839 20,281 1775.18 1.962 x 10%
313K/200 ppm y = —3861x + 20829 —3861 20,829 1762.10 1.814 x 10%
298K/600 ppm y = —2025x + 13487 —2025 13,487 2219.96 4.645 x 102
303K/600 ppm y =—2782x + 15726 —2782 15,726 1986.45 1.313 x 10%
308K/600 ppm y = —3289x + 18265 —3289 18,265 1868.89 1.498 x 10%
313K/600 ppm y = —3532x + 19288 —3532 19,288 1814.97 1.698 x 10%
298K/1000 ppm y =—1851x + 12548 -1851 12,548 2287.18 4.126 x 102
303K/1000 ppm y = —2548x + 14595 —2548 14,595 2045.29 1.218 x 10%
308K/1000 ppm y = —3032x + 16983 -3032 16,983 1919.80 1.431 x 10%
313K/1000 ppm y = —3374x + 18224 —3374 18,224 1842.66 1.803 x 10%

Table 6. The statistical table of fitting equations for boric acid 3D metastable zone model at different CI~ concentrations

& 6. N[E CIIKRE THHER 3D NMEXREME HIRGit &R

YRR BEICI AR METE F1 F FHIHIRE y A
298K/200 ppm y =-2132x + 13931 —2132 13,931 2182.30 5.268 x 10%
303K/200 ppm y =—2726x + 15836 —2726 15,836 1999.96 1.123 x 10%
308K/200 ppm y = —3626x + 19356 —3626 19,356 1808.95 1.860 x 10%
313K/200 ppm y =—3788x + 20081 —3788 20,081 1773.19 1.992 x 10%
298K/600 ppm y =—1897x + 12752 —1897 12,752 2268.72 4.366 x 10
303K/600 ppm y = —2298x + 14020 —2298 14,020 2116.85 8.393 x 1024
308K/600 ppm y =—3104x + 17132 —3104 17,132 1904.94 1.550 x 10%
313K/600 ppm y =—3257x + 17858 —3257 17,858 1864.49 1.662 x 10%
298K/1000 ppm y =—1805x + 11831 —1805 11,831 2306.18 5.166 x 1024
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303K/1000 ppm y =—2084x + 12918 —-2084 12,918 2186.67 7.614 x 10%

308K/1000 ppm y =—2877x + 16042 —2877 16,042 1942.79 1.515 x 10%

313K/1000 ppm y =—2707x + 15330 2707 15,330 1993.61 1.343 x 10%
4. #hig

AN FIANR B N RS A AR X AR, REE AR AR R, AR LR K [t
ANRE TR, PRSI, N aX M, ZBIEEMRKBIZEECY 7.55. B &5 T35 810
I, BER 1 A% R IZ WIS . Nat i CI IR k% 280 s e K B0 [«
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Ead o TR RN AR, AR T RIS S AR e y IBHTE R, B TIREEOR,
S RERIIE IR R . BT A WEKBUR B S AR Sy, BIBEAE % B8 T R, A 242N,

EHEWHE

I 97 R R AR AT BINE I 2R 15T H (X202410452551) .
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