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Fig. 2 General processing flow chart of pilot test
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Table 1 Recycle water quallty of sulfuric acid workshop in a copper smelter JEEWE/(mg+ L 1)
TDS SR (LA CaCOs i) Na™ Ca*" Mg?" Cu As Pb
12 330 2 598 43 12.2 466 41. 77 0. 01 0.1 0.13
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1 380. 84 8 810 351 19.6 <0.01 <0.01 4. 95
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Fig. 3 Variation of Ca’®" before and after

decalcification and pre-treatment

FREIE 3 AT %0 [0 FH K v 46 8 - o o ik R A
345~697 mg/L Z[al, ¥R 670 mg/L. it EY)
il 350 T [0 R 05 T Ak T 6 S I R R s o A
13~34 mg/L Z [a], ¥J{E Ky 20. 9 mg/L. 1% T 2%
BT B S BRAICR  H R BRRIME S 96. 48 %.



- 160 - WOR

5 # A

8 A4

2.2 MEERERS

JAAES H 7K 2] i R A 38 A A % R IO S O
PR D113 558 FH 2 P4 . A ikl 5%
ERFR A 5 V0 WIS 7R AR I R B o 5 11 o 8 9
EHI7E 10 m/h, 43 5% I RS [R] B 3L 6 A4t
DRI R R B B A 4 7K A 7 BURE A 00, Bt 358 B 2
R 4 FioR.

%0 100
2 40| .
E 195 &
o i
# 30F .}g
= 90 iy
o ool \ +|Hi
B oomkmmT e
E% 101 BT R 185 &=
i KR T

0 e 1 g0

; 2 3 4 5 6
1R/
B4 BHKIREEABL Ca®t AR LI I
Fig. 4 Ca*" concentration variation before and
after recycling water advanced treatment
ML 4 T DU o B2 7K 28 3k 44 iR R BE AL 31
Ca*" BB Wk JE REORUEAR T 2 mg/L, 58 20 2 J5
SRR K

2.3 RRESHRLG

e 4 b R LR OB 1E RGN IE R BE
[0 K 22 i 5 Ak B SE 1 A S8 i3 e 4 - [ 18 15
HORBEA DI R G T8 RIR T 2R LA 5.
I R B i3k 2 B,

B B AR 415
[0 —7k ok

!
| mIEgh ks 31 |

v )
fEfJ( #e/K TDS BRI 135 g/L

[ Eaherds o |

¥ v
oK FEIK

TRLAR ™ di

|
| RBEwE 3% |

v l
K WRIKTDS B e 50 o/L

B 5 RBIBEUWL - = EPNIE 3 T 2 LR
Fig. 5 Flow chart of desalination with RO

concentration and high pressure NF

k2 RBETEARE B KK
Table 2 Water output quality after RO + NF treatment

FE il 4R BEHE/(uSeem ) Cl FEWE/(mg - L1 SOF FRRWEEE/(g+ L) TDSFREWE/ (g L H
JEK 13 460 1 380. 84 8.81 12.33
R EHIK 49 300 7 646. 05 19. 67 53.58
15 R R g K 55 100 2 577. 34 120. 47 135. 14
EGINEFK 1 21 700 9 610. 83 ND 23. 06
REGE =K 2 17 020 7 592. 89 ND 11. 24

F b AR I 5 T 2R o R 8 i R S I i £ A
e ek TDS B Bk 135. 14 g/ L, @& K9858
FEK SO AKEH . SO FEBHE KT 987 L L.
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99. 36 %~99. 87 % ; Kk COD 4 97. 3% ) COD
BAETER BB K T, 2. 7% COD Bk /K 11l FH.
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Table 3 RO inlet and output water quality
R 2 F Cl- Jﬁ%{i}{ﬁ/ SO~ ﬁi@ﬁ/ TDS )ﬁijﬂl&g/ COD Jﬁi?{&lfﬁ/ KB/
(mg+L ") (g« LD (g« LD (mg+L™H
Btk
RBEHK 1 1671.56 7.57 11.9 351 4
RBEHK 1 7 646. 05 19. 67 53.58 1097 1
REBEK 1 67. 86 0.14 0. 02 10 3
S i
RBEIK 2 1 455, 46 11. 36 23.6 250 4
RBEHK 2 8 134. 28 38. 04 74. 3 925 1
RBEK 2 55. 46 — 0.2 9 3
R4 BHELEA B KRR
Table 4 Input and output water quality for high pressure NF
FE it 24 % SOi™ BiitikEE /(g L) TDS sk /(g L7 COD aikfE/(mg- L7 KiFE/m’
B —Htk
uE K 1 24,27 53.58 1097 1
koK 1 120. 47 135. 14 1277 0.2
BHIETEK 1 0.22 17.15 534 0.8
5 K
ZHuEEK 2 43.1 74.3 689 1
UEHIK 2 126.9 179.5 2 080 0. 26
UK 2 0. 40 14.7 189 0. 74
%5 RGBS B ARK R
Table 5 Input and output water quality for 2st NF
v Cl™ vk i/ SO~ ek )E/ TDS Jii vk %/ COD Ji &k &/ s
Fhan 2R (mg+ L") (gL (gL (mg+L ") KL/
TR ENIEHEK 2 254.91 0.18 4.11 320 2
IR uEA K 1 143. 49 2.34 35 890 0.1
T HEE K 2 313.41 0.07 2. 48 290 1.9

i 5 AT, R ANUE NS SOF BB AR
63. 05%0. 285 i IR ARIE R REHE— L B RR SOT 5 1%
JKh COD 4 13. 91% & 45 78 — I 44 3k ¥ /K
86. 09 % (1) COD BfiF= 7K & 1) )5 B

TR RE 7 2 19 Naw SO, W A ZE R RGE

LA R A A ) Nap SOy 77 il s X Nay SO, 7 i iff
K313 5007 s S3Hr 4 2R LK 6.

H1% 6 A 1. 7 dh Nap SO, BT $8Ar ik 8] — 2K
AR EER, TR AT R E i U T R T 4 A T B
IR TR T A T T R

k6 BB RoMER

Table 6 Sodium sulfate analysis result RS %
miH KA EPE FEEE Ay 95 R ANEEY TR N
b 1. 88 65.12 0 0. 06 0. 07 0.07 0.095 97. 84
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HLBHT R G 1B 4T ROR LL NaCl e 45 5 50, BB
Mrdeil 7% & 45 & 5 43 200 NaCl = & a5, 35 7K
COD JE 1224k % S48 b  is A TA5 R L3 7.

H 2% 7 Al NaCl il et L B vk 4 Js ] LA
P AR RO A A AL ED HeoK TDS Fit ik

150. 5 g/L; Xk b COD & [ 728 4k, A 83. 01%
) COD & £ ED ¥k H1,16. 99 % 1) COD FfiiR 1R
[l i B

BT A IR AZE R RGBSR R A
153 NaCl 7 iy, % NaCl 7 @b #4785 53 87 » 53 #r
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Table 7 Water quality after electroosmosis
N Cl™ RE k) SO R TDS Jf sk i COD i i )& -
BE R AT ﬁﬁi!’&l&h/ i E\%%/IZ&EZ/ )ﬁiﬁﬁﬁi/ Jﬁi/ff;:/ K/
(mg+ LY (g« L7 (g« LY (mg+LH
Z4kEn ED gEsk 15 699. 26 0. 15 11.72 2 084 0.6
Z4kEN ED IRIK 1 789. 61 0.02 3.35 425 0.5
ksl ED ek 80 702. 76 1. 86 150.5/112. 4 11 250 0.1
A8 ARy LR
Table 8 Sodium chloride analysis result JRRE %
W K5y P TRAR NG AL
HEEZET 0. 32 0 0.01 1.48 98. 20
HERRRZE T 0. 38 0 0. 01 0. 30 99. 31
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Table 9 System operation cost estimation
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Pilot test and research of desalination in recycle water
in copper smelting workshop

LIU Yong feng"*, JIANG Guomin'*, ZHU Zangiang'*,

YAN Xianlin'?®, GUI Junfeng', L1U Ruili'
(1. Science Environmental Protection Co. ,1.td,Changsha 410000, China;
2. Hu’nan Engineering Laboratory of Nonferrous Heavy Metal Pollution Control Equipment,
Changsha 410000,China; 3. Research Center of Pollution Treatment and Equipment
Engineering Technology for Non-ferrous Industry, Changsha 410000, China)

Abstract; In order to realize Near Zero Emission and resource utilization in wastewater treatment, the
reuse water from a copper smelting workshop was treated using a process involving biological agents,
double alkali decalcification, reverse osmosis concentration, nanofiltration salt separation, electrodialysis
concentration, and evaporation crystallization salt removal. The experimental result shows that the
retention rate of SO} reaches >> 99%, the total soluble solids (TDS) of Na,SO, in concentrated water
reaches 179 g/L., and the TDS of NaCl in concentrated water can reach 150 g/L.. After concentration and
separation, Na,; SO, and NaCl salt product are precipitated, and Na, SO, meets the requirements of Class 11
qualified product defined in GB/T 6009—2014 Industrial Anhydrous Sodium Sulfate, and NaCl meets the
Class I standard defined in GB/T 5462 — 2015 Industrial Salt Quality Standard. This process solves the
problem of low concentration in recycled concentrated water and removes the impurities in Na, SO,
products, providing bases for the cost-effective engineering treatment of high salty wastewater in the non-
ferrous industry.

Key words: copper smelter; reuse water; salt separation with NF
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