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Abstract: Taking the process of barium sulfate crystal as the research object, induction period, Gibbs free energy and activation
energy of barium sulfate solution with and without odium diethylene triamine pentacetate (DTPA-5Na), ethylene diamine tetra
methylene phosphonate (EDTMPS) and diethylene triamine penta (DTPMP) were analyzed based on the homogeneous theory.
The impact of inhibitor on the morphology and characteristic peak also were studied by SEM and XRD respectively. It was
found that the induction period and activation energy increased, Gibbs free energy of barium sulfate also increased by 10.52,
8.06, 6.18 mJ/m? respectively at the temperature from 298 K to 318 K and concentration of Ba>* and SO~ from 0.5~1.2 mmol/L.
Meanwhile, morphology of BaSO, crystals were changed significantly and crystalline grain was smaller and more dispersed.
Characteristic peak of some surface of BaSO, became weaker. DTPA—5Na, EDTMPS and DTPMP prevented barium sulfate
from growing at different levels.
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Fig. 1 The relationship between time and the conductivity of BaSO,
supersaturated solution
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Tab. 2 Crystallization kinetic parameters of the BaSO, supersaturated solution at different concentrations and temperature

T/K Ksp/(mol>-L72) Cp,+/(mmol-L~1) Csoz-/(mmol-L™") S/THW
0.5 0.5 274.76
0.6 0.6 388.33
0.7 0.7 875.92
208 3 3%10-1 0.8 0.8 1499.54
0.9 0.9 1850.90
1.0 1.0 3716.85
1.1 1.1 4355.66
12 12 5036.66
0.5 0.5 239.35
0.6 0.6 401.09
0.7 0.7 412.11
203 7 510 0.8 0.8 425.47
0.9 0.9 639.25
1.0 1.0 652.21
1.1 1.1 719.43
12 12 745.67
0.5 0.5 114.74
0.6 0.6 194.05
0.7 0.7 241.82
208 L3x10-10 0.8 0.8 321.48
0.9 0.9 361.31
1.0 1.0 428.54
1.1 1.1 524.77
12 12 781.54
0.5 0.5 42.82
0.6 0.6 68.38
0.7 0.7 88.38
313 Lex10-10 0.8 0.8 124.63
0.9 0.9 144.56
1.0 1.0 153.01
1.1 1.1 217.06
12 12 255.84
0.5 0.5 19.51
0.6 0.6 33.14
0.7 0.7 36.20
- 5.4x10-10 0.8 0.8 54.81
0.9 0.9 63.73
1.0 1.0 108.71
1.1 1.1 132.16
12 12 140.56
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Fig.2 The relationship between the supersaturation and the induction time of BaSO, supersaturated solution at different temperature
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Tab. 3 Crystallization kinetic parameters of the BaSO, 0 . . . . ’
supersaturated solution at different temperature 295 300 305 310 315 320
/K
T/K Ksp/ CBaz* / Csoi*/ S/ /
(mol?-L~2 L L ISR/ N N . .
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298 3.3x10 05 05 274.76 Fig.3 The relationship between temperature and induction time of
303 7.5x107!! 0.5 0.5 239.35 BaSO, supersaturated solutions
308 1.3x10710 0.5 0.5 114.74 i e
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Fig. 4 The relationship between temperature and Gibbs free
energy of BaSO, supersaturated solutions
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Tab. 4 Crystallization kinetic parameters of the BaSO, supersaturated solution with three inhibitors

2 Csor-/ S/TEHI
T/K Ksp/(mol?-L2) Co/ o =~
(mmol-L7!) (mmol-L~1) DTPMP EDTMPS DTPA—5Na
0.5 0.5 2.90 11.96 2235
0.6 0.6 4.90 12.30 31.74
0.7 0.7 5.09 18.19 32.20
0.8 0.8 537 37.13 55.32
318 5.4%10710
0.9 0.9 6.22 51.44 66.77
1.0 1.0 7.89 102.00 124.07
1.1 1.1 9.98 115.67 199.93
1.2 12 19.13 153.13 263.60
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Fig. 5 Induction time of BaSO, supersaturated solution with
and without inhibitors
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Fig. 6 Gibbs free energy of BaSO, supersaturated solution
with and without inhibitors
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Fig. 9 XRD images of BaSO, with and without inhibitors
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Fig. 10 SEM images of BaSO, precipitates
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