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Simulation of Scale Formation During Viscous
Oil Wastewater Evaporation and Concentration
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(1. College of Mechanical Engineering, Tongji University, Shanghai
201804, China; 2.
Engineering College, Chongging 402160, China)
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Chongging Water Resources and Electric

Abstract: The behavior of scale formation during viscous oil
wastewater evaporation process was investigated. Based on
evaporation and concentration experiments, the composition
of scale crystal was confirmed by X-ray powder diffractometer
(XRD) and scanning electron microscopy (SEM). According
to the composition of wastewater scale, a three-layer
crystallization fouling deposit model was established, namely
mixed fouling including calcium carbonate salt ( CaCOs; ),
compound salts (Na,CaSiO,, CasSisOiz) and silicate salt
(CazSi0y ). It is found that the fouling resistance mainly
results from calcium carbonate salt, and it accounts for
91.76% of the total fouling resistance. The simulation results
coincide with the experimental data. The three-layer

crystallization fouling model proves to be able to predict the

ks H . 2013—-04-18

scale formation process during viscous oil wastewater
evaporation, and it provides a theoretical basis for preventing
heat transfer surface fouling during evaporation of viscous oil

wastewater.

Key words: viscous oil wastewater; evaporation;

crystallization fouling; simulation; thermal resistance
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Tab.1 Water quality parameters of viscous oil wastewater

BRI/ (mg « LT

LT3R/

Nat Kt Mg2t Fe2t CaZt Cuzt SiO;

SO, 2=

H
Cl-  COs2~ HCOs~ i (uS+cm D) pH f&

45,10  35.26 4. 80 1.32 20. 27 0. 30

103.29  29.50

97.20  27.90 115.90 98.62 2 840. 00 8.77
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Fig.1 Flow of experiment
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Fig.2 X-ray diffraction diagram of scale
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Fig.3 Scanning electron microscope image of scale
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Tab.2 Elemental contents of different points of scales
. "1 B2 B3
R % A% W% A% w% A%
C 17.74 28,93 17.32 27,02 14, 26 21, 84
N 2. 97 4,15 6. 76 9. 04 3.63 4.76
O 24.59 30,10 30.18 35.35  36.47 41,93
Na 17.02 14, 50 17. 42 14,20 23,47 18. 77
Mg 3. 89 3.13 1. 14 0. 88 1.12 0. 85
Si 14.96  10. 44 5.75 3. 84 14.18 9.28
Ca 15. 50 7.58 18. 90 8. 84 2.31 1. 06
Fe 3. 34 1.17 2.55 0. 85 4. 56 1.50
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Fig.4 Scheme of crystallization fouling
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Tab.3 Parameters for simulation
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Fig. 5 Changes of thermal resistance of different
fouling composition with concentration
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