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Experimental research on treatment of highly—-mineralized mine water by

vacuum membrane distillation

BIAN Wei'"?, LI Jingfeng' ,LYU Jiafeng”, QI Ji*, LIU Shuqin®,LI Ting’,GUO Qiang’ ,ZHU Guolong’

(1.China Energy Investment Corporation ,Beijing 100011, China;2.School of Chemical & Environmental Engineering ,China University of Mining &
Technology~Beijing , Beijing 100083 , Chinas 3. State Key Laboratory of Water Resource Protection and Utilization in Coal Mining , Beijing 102211, China)
Abstract : Based on the status quo that high—salinity mine water generally exists in coal mining areas in western China, in order to realize
the efficient use of mine water, the technical idea of treating highly—mineralized mine water by membrane distillation was put forward. The
low—grade heat source can realize large —scale and low —cost treatment of mine water. In this study, a hydrophobic polyvinylidene
fluoride (PVDF) hollow fiber membranes were used to treat high—mineralized mine water by vacuum membrane distillation ( VMD) ,
which was studied on the basis of softening pretreatment with CaO and Na,CO. The effect of operating conditions such as hot liquid temper-
ature, hot side flow rate and cold side vacuum degree on the VMD process were analyzed. The changes of the membrane performance such
as membrane flux and desalination rate during the VMD concentration process were analyzed. The long—term stability of the PVDF mem-
brane performance was investigated. The test results show that for the mine water with high hardness and low alkalinity, the lime—soda ash

method can effectively remove its hardness components, and adding 600 mg/L CaO and 500 mg/L Na,CO, can make the hardness removal
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rate in mine water reach more than 77% ; The importance of influence on the membrane flux of VMD from strong to weak is the vacuum
degree on the cold side, the temperature of the hot liquid, and the flow rate on the hot side. The optimal operating conditions in this study
were temperature 75 °C , flow rate 11/min and vacuum degree 90 kPa, the initial membrane flux of the VMD concentration process is a-
bout 13.4 kg/(m* - h). When the concentration times were 5 and 14.5, the membrane flux drops to 81.22% and 34.51% of the initial
value, respectively. Simultaneously, the desalination rate was always at 99.5% or more. With the long—term operation of VMD membrane
flux gradually decreased. The elemental analysis results confirmed the existence of membrane fouling and wetting. The crystallization on in-
ner surface of membrane filament were mainly Ca and Mg hardness, and the leakage of Na and Cl elements was an important reason for
membrane wetting. The initial effect of physical cleaning and drying was better. After cleaning and drying the membrane flux returns to
93.77% of the initial value, but the recovery effect continues to decrease.

Key words: western coal mining area; highly—mineralized mine water; vacuum membrane distillation ; polyvinylidene fluoride hollow fiber

membrane ;membrane fouling
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distillation device
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Table 1 Main water quality indicators of experimental water
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Fig.2  Softening effect with different dosage of CaO—Na,CO,
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Table 2 Plan and results of orthogonal experiment

o LB i/ HAS I3 £/ N
/C  (L-min') BE/kPa (kg- (m?-h)7") F/%

1 60 1.0 30 0.32 99.85
2 60 1.5 50 0.77 99.92
3 60 2.0 70 1.33 99.94
4 60 2.5 90 2.99 99.92
5 65 1.0 50 0.41 99.88
6 65 1.5 70 2.16 99.93
7 65 2.0 90 8.80 99.92
8 65 2.5 30 0.43 99.83
9 70 1.0 70 4.01 99.94
10 70 1.5 90 9.14 99.93
11 70 2.0 30 0.52 99.81
12 70 2.5 50 1.06 99.91
13 75 1.0 90 12.92 99.94
14 75 1.5 30 0.88 99.86
15 75 2.0 50 1.13 99.93
16 75 2.5 70 8.51 99.92
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Table 3 Influence of various factors on membrane flux

S8 MR/ C Wi/ (L - min™!) B2 J¥/kPa
r 1.35 4.41 0.54
r 2.95 3.24 0.83
s 3.69 2.95 4.01
r 5.85 3.24 8.46
R 4.50 1.46 7.92
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Fig.3 Variation of flux, concentration times, conductivity of concentrated and produced water during concentration process
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Table 4 Membrane fouling elements analysis
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0 4.64 18.14 9.40
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Ca 0 28.65 0

Mg 0 5.88 0.32
] 0.55 0.55 1.65
cl 0 0.95 7.91
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