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Abstract : High—salinity mine water is widespread in mining areas in western China. In recent years, with the implementation of the west-

ward coal strategy, the drought, water pollution, and ecological degradation in the region have become increasingly prominent, forcing

more stringent policies and regulations on high—salinity mine water to re—use as water resources and meeting discharge standards, which

has forced the continuous development of energy—saving and high—efficiency desalination technology for high—salinity mine water. In order

to further improve the resource utilization level of high salinity mine water in western mining areas and reduce the cost of desalination, this

research is based on extensive surveys of mine water quality and quantity, distribution status, and status quo of desalination technology, in

response to the current mainstream technology of high salinity mine water desalination due to the use of non—selective desalination and the

pure pursuit of high desalination rates, problems such as excessive desalination, process complexity, high energy consumption, membrane

pollution, et al., a moderate desalination process is proposed for the graded and qualitative reuse of brackish mine water in the range of

1 000~3 000 mg/L in coal mine area. The core of the so—called moderate desalination is the selective removal of specific ions (such as
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Ca™, Mg®, SOY, et al.) in mine water, minimizing the cost of desalination, and achieving energy—saving desalination and cost reduc-

tion and efficiency enhancement under the premise of meeting relevant water quality requirements. This study takes the moderate desalina-

tion of brackish mine water as the goal, and takes the screening of nanofiltration( NF ) membranes and the Donan effect as the theoretical

basis. Through indoor water distribution experiments, field tests, laboratory characterization, etc., the systematic study of the brackish

mine water moderate desalination process and its key operating parameters. The results show that NF' membranes can intercept high—va-

lence characteristic ions in mine water while allowing part of the monovalent ions to pass through. Its wider range of desalination rate(37.

4% ~98.25% ) is more advantageous than reverse osmosis in the moderate purification of brackish mine water; due to the low operating

pressure and large membrane pore size, NF have stronger anti—pollution ability than reverse osmosis. The moderate desalination process of

NF has greater application prospects in the purification of brackish mine water with heavier inorganic pollutants.

Key words: high salinity; mine water; nanofiltration; moderate desalination; membrane fouling;mine water process
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), i HLA A s K AR SRR i AR S B R
FNERARAS LU S it
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T = 32 9 KA HE 2338 iU FRK 13 2k | 6 6
b MW, 25 % — R BN R . Sk, i
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RBIE) A= 2GR UTNE | B 38 0 55 7 2 00 &
HALEER K SE AT I SR AR B | A1 A IR 7K (TDS
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AR E K i A7 2R BE R BE W] 3 S WU
(TDS FiHHEE A 1 000 ~3 000 mg/L) FI & ( TDS
AR EE N 3 000 ~20 000 mg/L) W 7k, #EA5E
T, A WAL XK G S 0L 3R 1, o iU
WK E R 6.9%~72.7%.,

£1 THKTD &8

Table 1 TDS conteat of mine water

it It #FE TDS

WX A/ % B/ %
Kbt/ FREREE/ (mg - L)

b X 87 1 143~2 200 15.0 6.9

Sl R X 22 1 346~20 000 86.4 72.7

THEIEET X 18 3 094~12 293 100.0 33.3

W X 86 1 496~5 730 100.0 50.0

FEFTIX 1 ~1518 — —

BB 28 1510~2 0911 53.6 11.5

1A S TDS Bk =1 000 mg/L BIH 3 5 e s B Jy TDS it
el 1 000~3 000 mg/L W5 I 5,

] A e A B A K i R R T 2 L
BE AN UK B E BT SRR B AT
JEE3: R JE (UF) +J2 3835 (RO) W S48k 8 WL T
2 TR A 1) 32 L 15 2 8 A0 455 3 3 19 7 UK I8
BEE(RO) KRS 7 (SWRO ) AR =5
JERBER(DTRO) %5, 7 5K A A [ (4 TDS i &
R BE RS YRR FE PR A SR 3 R
2375 K (MEE ) LR 28 73 FF R 46 (MVR) XF vk £k
KA R A Y B S B R K < B HERL

DA St 5 K R 5 ), ok ok
TDS FifE ¥ 7 1 518 mg/L, RO 777K 70% , ¥ K
155000 m’/d, JFUK A TDS ¥ BE 2 e 4 Jm i i 3.33
£, RABIBER T 24 4 5. O“FH 24
Tiab B T RRAE ; @ FHE " R G WK B 5
@SWRO v 4 5 e /K TDS itk B ik 1 T 48 000
mg/Li @R MRS, WHEHE TR
3 420757, FEIBAT AR 2R 2 (2.18 Jiot/d) |
JIE R e k45 9% (0.68 JTot/d) (FLP%(2.81 Jiot/d) .
[ A2 Eh ZE 1 9% (11.50 T3 o0/d) S84 & K A<
34.36 JG,
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W 2019—3 5 58225 TR Fr Y. “ 1501
TRAL IR Ty B ARAE SE R v FH B T — @ S0R 3
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ARSIy e S A v B 0 R 9 (% T Ak 2 2 )
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2.3 WMBEMBEFEREEHERK

R IR B A MR E 128 0.6 MPa, E A&
fF, R A 1 812 RUBEHEA TS0, A FH 2% B 7 /K 7011 s
40 min , B8 RS E 0 SR A | RIS ) B v T
DU 4 Fhah BB (NF) 143 PE 238 Sl dt | 32 i 7K ot
HE 3 000 mg/L A4S 53544 NaCl/Na, SO, it &
LEIREE R 1 1AL« 2 SR TOA B RS B T IE PR A BR
REDN, J a5 AT T 7K b — 0 B VR B PR
Ay 2 A 3,

H1 2% 2 FI3% 3 AT, 4 FhAS [R] KL AS 99 0% 6 1 25
EWEEL RN 37.4% ~98.25% , {E[F A 4511 F , HixF

Na' I B RN 4.2% ~77.0% , %F CI” B # BH R Ny
2.5%~103.4% ; 53— J5 1, Bl A5 57K SO Bie L 1)
B, R RS- e X C1 0 B8 R S IR AR i 3
AHBLGT Na* B AR FE 58 2 U Tt 34, DB A 9
12 WA 38 DX TR) A SRl 7K G B R A 43 T 4%
AR A

SRt R[] B8 7 BC L TR 8 o Sh M RE Y
SRR T XA [RIR BE BC FL AT B o iR e, s il
PEK R EE 3 000 mg/L AZE, 73 HIPK NaCl/Na,SO,
Jri FEPR Ay 1 1.1 2 F1 1 = 3 45 305 5 AN 0k
JES () 5 T PR AR B AR AN 1 R,

x2 HKREKE 3000 mg/L, NaCl/Na,SO, RELEA 1 1 HENARRENEFEREESEBUR
Table 2 Ion selective retention result of tested NF membrane when influent concentration is
3 000 mg/L and mass ratio of NaCl/Na,SO, with 1 : 1

Km R/ ek i/ HEAK 2/ HK LT3/ HRE %9 it/ Na* JEHRIKE,  Cl R WE/
(L« min™") (nS - em™) (pS - em™) (L-h™) (mg - L) (mg- L")
NF90 27.6 10 5170 3070 40.62 20.47 651.0 964.0
NF40 26.2 10 5 080 3180 37.40 20.50 715.0 1 039.0
NF70 26.2 10 5 130 332 93.53 11.47 104.0 121.0
NF50 25.8 10 5120 101.4 98.02 6.53 148.0 43.0
JFK — — — — — — 1 076.0 1005.2
£3 HKRERE 3000 mg/L, TR NaCl/Na,SO, 4 1 : 2 REMNMAREN S FEFEEHBRR
Table 3 Ion selective retention result of tested NF membrane when influent concentration is 3 000
mg/L and mass ratio of NaCl/Na,SO, with 1 : 2
. oK/ KA TR/ ok R/ o it/ Na® Ui/ Cl7 ST vk g/
(L + min™") (1S - em™) (1S - em™) (L-h™) (mg- L) (mg - L7")
NF90 25.6 10 4940 2 300.0 53.44 18.22 765.0 682.3
NF40 26.0 10 4 720 2 560.0 45.76 19.46 828.0 744.8
NF70 25.9 10 4 940 363.0 92.65 12.02 130.4 81.5
NF50 26.8 10 4720 82.8 98.25 6.33 44.7 25.3
JEK — — — — — — 1041.0 652.5
1007 CHES A VRV ATk 2 I o
80 R W IN 2 08 FE RE A A B IR AN T, Rl 7
o F 95% LA L1y — 40 B -3l o ; B R B T
§ or HE FE 3 235 AR 28R W 5 T (A Rk &
ol WEATIEAE AT 5 32 4 4 8 L AT B B T
2 MBI,
R 12 153 3 WMEBEEMRBEIZRAR
BT
O—#her Bse BT 3.1 MBEEBRBETZ
A1 FREFRET— HEFREE IRABESE 4 R O T ug i, A BLR Z2 50N g
Fig.1 Comparison of rejection rates of divalent ions under i 1) o 25 2% DX [ L A% 3 A SR VR RE 7 B R Al T

different ion ratios

H P& 1T AT Bl B R AR 25 I LE B I — £

K1 ERUSK R IETE KBRS, T2 AR i 2
JeoR o SRR K B S A BAL BR Gt £ ad 2R
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V5 YFEEL(SDI) <5 ; 8 Ak BRIK BRI 19 0 H: K 3 1
TR G 35 A 98 R Ge £, W IR IK o3 Sl ik A
W IRK I, B T S B OR T HEK g A B A,
A R G e B AR A E K TDS W . — M B TR
Fb DL R 7K ] 7K 5T 2 R i AT DT L, A B Ol A2 3
JE 1R /K B B R A B T P SEDE BB A7 ey AR
T BB I GBI AT DX AL GE o e I
IR .

WK
PIERG @

B2 Ry AAMREZENTIZTE

Fig.2  Schematic of moderate purification process of

Prezzid i

brackish mine water by nanofiltration

32 WRF HAKIEZRIKK

kL B R AR IE M R T 2R SRR, A
PP 2 s B, T e 5 8 38 T 2% L i 1 5
5o A EWNIRE AT 20 2 DN, dE—0
S8 LR H 7K B e R A DR ) e A0
FAPWETE, B T TS G o) A 8 Rt B2 M3t 56 A 52w AR
o = ABCOKER A/, m] 028 I T RUR K 20
DEIE L T 2 AR SR, IF LA RIS S f 2 i
Frocm g /MR LEBIFSE o 0380 FZKOK Bt L3k 4, 4554
BRSO

x4 ENBKRBEAKR

Table 4 Indoor water distribution test water quality

2 iV LR e/ 1 000 L FREL
(g - mol™) (mg- L") Pt/ g
NaCl 58.4 209.6 345.80
CaCl, 110.9 37.8 104.80
MgCL, - 6H,0 203.0 13.8 121.80
Na, S0, 142.0 954.0 1411.13
NaHCO, 84.0 50.4 69.40

RIS R 6 52 2 540 BRI E FI F 15 5 i 5
BRHEA T HEAR G, B R 509% ~ 75% A 8, I BE 2
1E 2545 °C, OB &K i 5E NE-2540 Y 938k
PEJEC NF-90 %, il A [E] 2 h, SR YR IR K B TR A
J 2, IR FUKARFR A 500 L, XF ik Ee 45 543 1 4
K3 & 4 s,
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Fig.3 NF and RO pressure change curves under

0 200

two working conditions
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Fig.4 NF and RO system flow and feed water pressure ratio curves

TR oK 8 B e T 2 5 [RB 8 T 2%
WZ51e . T2 B9 25140 TDS Ji & ¥ BE <3 000
mg/L, B HoK DL M0 &+ J& 2 GBS 5 M
BIEIBAT I 50% , 19 REFEFERSCR W, AT 250y
A 33% L L5 5340, AR 00 908 0y & 07 A8 4k
BN I o NF R R LB 08 &, 25 5 I T AL
2535
3.3 W HKRTEMAR

R ¥ v A B AR T A B AR R XA T X
B Wik o H 2 48 17 )5 W75 Y Bk AT 1 9 A 0T
5%, HATZE B2 T 1 400 m’/h #5238 35 i
A E  HP A 8 BEBIE (180 /E) fl 4 £Y4UE
(123%/8), HTHREKFELSIET W ER
RGBT B £ Il H: b 25 3 [n]

5 0 BRYS YL SR TH 0 R o AR H 4 LA A
0L, 5 s e R I R R B 6 R T
JEETS G o I RETS TR T, ZRG oA B, TEHIL
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x5 BESERALRENRESBMRERFESL

Table 5 Element mass and atomic percentage distribution table of membrane fouling surface

JLHE C 0 Na Mg Al Si Sr S K Ca Ba Fe
X R %  7.07 51.1 0.31 0.49 14.48 19.04 0.72 0.72 1.25 0.94 0.7 3.18
JEFE 11.37 61.67 0.26 0.39 10.36 13.09 0.16 0.43 0.62 0.45 0.1 1.1

s ErErkixmadies
Fig.5 Scanning electron micrograph of membrane

contaminated surface

Fe
‘ A L 1 1 1 ]
6 8§ 10 12 14 16 18
fei/eV

B 6 75k BT & 2

Fig.6 Elemental analysis of energy spectrum of

membrane pollution components
TR 5 S B I 3 S B A B R AR
AR, B G217 I X ], H

JEE TS G S Uk i W] 25 OB i T YL 1) B
AT, —ORVE, BT s AT R R
LK, FEBTT Y07 T L B 3 B AL
3.4 HHIEIE FE B L R F R4

B 30 J7 va B HIH/K & 500 m’/d, 5
FRT W 6, W H T e o Jg@ 6 3 T 2 X, Rt
ERALI A KON g 18 T REWE (L ) 5 3K
TeAR FEARFEIIET) . 455 8« BT 3k
W LA A L K K R R P SR T
WPEHE MR T AT,

Uk WA B AL T2 S8 5 OB 3 W X, 52
5w A T QIR FN RB E L IR KR g, 2 AR B
ERFE ARG AR WL 7, AT H LR 8

TEXF AT . B 1 R G R iB 1T R 1 — A
1.4~1.6 MPa, MMZAUELH 0.6 ~0.7 MPa, Fiiib 2 7%

i1 0.20 J0/t [ Z 0.12 Jo/t, HEEH 1.18 kW - h [
% 0.80 kW - h, FZ AN 1.48 J0/t [ M1.09
T/t

R 6 Tk H kAR

Table 6 Water quality of mine water in and out

K5 KK KK 5
pH 7.72 6~9
p(TDS)/(mg - L") 1948 <300
p(COD)/(mg - L71) <10 <10
p(Cl")/(mg - L") 438 <250
p(HA)/(mg - L) — <1.0
p(BEFRIEEHER) /(mg - L") — <02
p(F)/(mg- L") — <1.0
p(ATMZE)/(mg - L) 0.06 <0.05
p(S07 )/ (mg - L") 795 <30
BERE/(mg - L7) 500~ 600 <350
p(Fe)/(mg - L") 0.05 <0.5
Boo U/ (Bg - LY <1 —
KB/ (B - L7Y) <10 —

x7 BEFYET HRPREREESULRITLL
Table 7 Purification effects of typical brackish mine water

nanofiltration and reverse osmosis

JEEWE/ (mg « L71)

i 3 &
TDS HCO; Na* Ca®* Mg®* SO; CI-
FUkKBT 1948 50 612 38 15 795 438 AR

RB#EEK 475 7.1 162 0.2 0.1 93 146 kbR
4% HiK 587 21 219 4 2 52 289 kbR

®8 EHREBESMBEERBMA

Table 8 Moderate desalination cost between conventional

reverse osmosis and nanofiltration

AT S/ ke AR/
rras SO g o
MPa (kW-h™) (Fm-t™")
AL FE+RO 1.4~1.6 0.20 1.18 1.48
AL FE+NF 0.6~0.7 0.12 0.80 1.09
4 # it

1) ZRUENRAE SLVF o —H B 1 (C1 55 ) i ad 1)
[7] I 8 6% e 1 M 4 BR 7 K b s 40 25 (05 45) ¢
AERS 5, AN B i £k T AR X% e Al e PR R M £
FORTE SRR G PALA 7 TR/ H A0 (R AEAE
FRIRA S
2) B K P S G B RE Bk R
PUETCHLES IR 15 d W, th T 9 ugis 155 S (0.6 ~
213
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AR FHRK 4 49 %

0.7 MPa) JEFLA2 K (100~300 Dal) , 7EHT 15 4L J7 Ifi
FHEE RO T ELAE 34, 7 TCHLTS Y9 7™ B B 7K o
ABRN TS,

3) LABrsm A MK B AR I H R ], R T
YRR BB TN LA AT, 45 R 0 . e i 77 K
TDS ¥ & 3 /£ GB 5749—2006 { 2 1% 1k FH /K T A= b
HEYRIAR T, ANE T 2R 17 RS BB ) 44%,
Wi 7 AL B2 FF AT FAIG 26.4% , 40 1838 J3E 1 6 i AR AE T
SRS USRS HK o 208 X EL AT R
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