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BURIG, COD Fl& £k &8 4> W AR 2 240.0 mg' L™ F1 516.9 mg' L™, £ ZE 45K 97.0% F1 93.5%, ¥4 COD K
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ARG AT B AN, BRI A NRERE (RS L2 R T FEARFE AN, /K Y 28 & 4
(40.6 kJ-mol1™") JL-F- & @il & #4745 (6.01 kJ-mol ) /D5 e | i EE YRR . 1E F VS BT AR S 0

ARG R 22 B R B B AR A B R R R AL K, BT T HUKR . BRTRIRE . VIR
W BE (COD FER VR FE) . ¥4 VR fol 1T RS L 45 R AU ALY R BR R R, Kk T 2N F b ik
TR, IR 298 R, e TR KRR E S coD i it (5 /K 4% & HEhR ) (GB
8978-1996) = HARUEME R . WHREEH TWITHE, 0K L T 298 % . LA
WIHLEE, BRR TR URSS i T X AR B e bn (A S5 M RBRECR .
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1.1 SR F
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JEit.
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H T SE bR Tl K e T 00 ZREVE RN 24, AR 2 1 Sl FH Ak il L 280 0 T A T) o
AR ADL R K BEAT A9 o S e T S AL AR DL /K iy R 43, ERVR 224 8 000~20 000 mg L' 3% H]
2 A BERCALE K B9 A HL, COD A 2 000~8 000 mg-L 1 A Sy fiF FH 1Y &5 /KA 24 B <A HLIk
WAy, RO 15 emx10 emx18 em, {2 VR 4E Ml AL 150 em?; ST 2H 20 emx10 emx15 em, 2 7%
Pl ET R R 200 em?, S I AR A TR B B 2 000 mL.
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1 F : COD % F 4% 2 41 ¥ (HJ 828-2017) il 1 BHhIRESBHEXENTUXR
s LT BE R A ISR I 8 v (HD 535- Fig. 1 Relationship between salt

2009) i : M @é e IE ST T 661150 B 43 3 5 JE 1 concentration and conductivity
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Kb SONEEURAR VKRR, mLs ¥y HRTER B E K AR, mL.
_(G-C)

R, z x 100% (2)
Krb: ROCHBERR; C, WEBEUE KRG ERWEE , mg L' C, AKRlKMEMRE, mg L,
R2=Mx100% 3)

KX R, WA LBRE; D, N EHLE KW #I 4G COD, mgL™'; D, KKK COD, mgL',

Sy R, EAE, A e A MU R K A ML S A5 4% s SRS, 4300 2 000 mL
N TR) e BE AL R K B T AT I R VKA TP, TGS UKoR L W RIRE . WA U (R ¥R N CoD) g
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1 COD BEA R, AR VK A A it 119 4% Bt B 25 5 i AR B0 VR b i 3 A ML, AT 3 B 2 vk
(1) 5 v B2 A COD Bk B i P, PRI, 7F S5 22 50 56 0 2 v (R 5 TIOR8 BN 50% .

5
N THD — LTl
100 - & ¥I#HCOD=2 000 mg - L' wok » @quQD 2000 mg - L 11 500
90 \jﬂJﬂﬁﬁt%&ES 000mg-L'm—™ {4 WIhELHe =8 000 mg - L'
i o
./. ol "/./ R
< T _— 13 4 J:Sr /'/ {1000 L
w0 R ) 3 - COD L% !
£ —m— by 12 = W —m— =
i >\> m— bk % i\ ., =— COD =
= 60t %S ~—, 1500 S
- L
\ 1 40 —,
50 >\> \
40 f 10 20t " 10
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
vk 4Tk
(a) BiERRBELS KIS (b) CODX:BRERELS kI 251k

B2 FKkRXHERRMEIIERENEN

Fig. 2 Effect of icing rate on the removal efficiencies of salinity and organic matter
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Fig. 4 Effect of freezing temperature on the removal efficiencies of salinity and organic matter
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ALY B R A2 s R an & 5 i . BB S T, W46 ER v B R p) I COD X ¥4 U4k i T 2 i
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Fig. 5 Effect of initial salt concentration and COD on the removal efficiencies of salinity and organic matter
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24 RREMEIRX EEKBLKERERMNBNIERENRIT

H TG AEFFEK AT (2 000 mL) T, ¥ VR fil i AU 5 X0 i 56 R A AL 2 Bk e A 5
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Fig. 6 Effect of frozen contact area on the removal efficiencies of salinity and organic matter
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25 ZEAFRNEEUSESKEBIIEK

WRYE (15 KEEAHEMPRME ) (GB 8978-1996) Xk T4k B3R, b T4k HEA & B 957K ik
PR B HE K 2R G075 K AT = kR dE, COD RYFR{E & 500 mg- L' MeAh, DIALRSG N+
A B Y5 7K Ak B 35 (4 3 7K ER 43 1% BR vk BE 244 4 000.0 mg L', #h ok s S B A WFE TS, TS
oI5 K AL B HE LB AT . ARHFFAER IR E H-18 °C, SEUKE N 50% AT, R L HE L
mi T2, Ab PRI AR He BE & 8 000.0 mg-L™'. ¥4 COD & 8 000.0 mg-L™" A4 5 £k 5 Wk FE L LA ML K
K, GERWME T i, mET A, EWTP RS SRR GO R E R 2 899.6 mg L, il 2 A1k
T2 KA BEE AR X & SR R A BR SR, B TG, WP & RN 516.9 mg L,
ZBRFE R 93.5%; R, BT COD 7E 4 0% Uk J5 FRE R 240.0 mg L™, KFRFEH 97.0%, i
b T Al Y H2 R 223K

9000 [ 9000 [
£ 000 |-8.000.0 73151'8 2 000 18,0000
7000 [ / PIHHCOD=8 000 mg - L 7 70000 ¥IHHCOD=8 000 mg - L-"
T, 6000 H H R e =8 000 mg - L & 6000 WIkfiEhHe =8 000 mg - L
& i = i
g 5000 5 5000
4000 H £ 4000 H 3338.0
2 2899.6 § T
= 3000 H T = 3000 [
e /I J';E //
2000 2000 I 1407.5
1089.2 1
1000 H 5169 1000 / 584.6
240.0
0 W 0 v . 2
0 1 2 0 1 2 3 4
BRI LIRS
(a) Eh¥e I SV VRGN X 5 (b) COD SR URZLRUNI R

E7 ZRRFLEBEUEKNESMBHNINEL

Fig. 7 Changes of salinity and organic matter in simulated wastewater treated by multi-stage freezing method
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SR KA b, BEEUE K B R E AR, SHEZMET . AU MBS RS, ok
TIE 2 GV R T2 S bR K B B A WL R AR 350K, AR S IR 7F 22 G0A UR 2 BRABE 0L i 3h v A
HUE K B I8l T, 2 PV I8 = W Ak T A SE BRI K R GE X0 4, FESL E T, X AT
ZHR VRN, ZIE KK AR . BRATARE B MERR B AN 2% 1 B .

RYE CI5KEEA HEOPRE ) (GB 8978-1996)% Ak T4k I /K I B2 2ok, R Z90% W45 fh i)
TEXZA T R K IEAT AN, Ry FNG WL 0 L BRIE B an &l 8 i . M &l 8 AT, iz Ak TR K

(fy 14t COD ik 55 690.0 mg L™, #hn & e & £1 EUTEANKRER
515 54 648.9 mg-L'(PA NaClit), & F&Eihe Table 1 Water quality indicators of chemical wastewater
WREEADLE K, WRIER 1 KPR HERME , 78 K HepE/ - bR RRAE
SYR G, W EI/NT 4000 mgL”, iAE] M (mel’) e (mg'L)
AL B B SR, R RN 96.2%, 1E TSIk R A HERObRE

‘ COD  55690.0 (GB §978.1996) 500
6 P % Uk Ji £k Wk BE I35 983.3 mg-L7'(Ph NaCl

iR 546489 — 4000

i), MHEFBEER 2k 98.29%, COD 7 6 KB R IG
WAL T AL HEBOA T B T SR, WA
4913 mg L, HHYEBRFLEF] 99.1%,

75.6 — 8

Sr )
pall

290.4 — 20
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Fig. 8 Changes of salinity and organic matter in actual chemical wastewater treated by multi-stage freezing method
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Fig. 11 Changes of ammonia nitrogen and total nitrogen in actual chemical wastewater treated by multi-stage freezing method
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Treatment performance and mechanism of high-salt and high-concentration
organic wastewater using multi-stage freezing technology
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Abstract In this study, the factors affecting the treatment of simulated high-salt and high-concentration
organic wastewater by freezing technique were firstly explored, and the multi-stage freezing method was used to
treat the simulated and actual wastewater. The results showed that when other factors were fixed, the higher the
icing rate was, the lower the removal efficiencies of organic and salinity were, the lower the freezing
temperature was, the lower the removal efficiencies of organic and salinity were, the removal efficiencies of
organic and salinity decreased with the increase of the initial salt concentration or COD value, the larger the
frozen contact area was, the higher the removal efficiencies of organic and salinity were. For the simulated
wastewater with initial COD of 8 000.0 mg-L™"' and initial salt concentration of 8 000.0 mg-L™', four-stage
freezing could reduce COD and salt content to 240.0 mg-L™" and 516.9 mg-L™', respectively, and the
corresponding removal efficiencies were 97.0% and 93.5%. For the actual chemical wastewater with initial COD
of 55 690.0 mg-L™" and initial salt concentration of 54 648.9 mg-L™"' (as NaCl), six-stage freezing could reduce
COD and salt content to 491.3 mg-L™" and 983 mg-L', respectively, and the corresponding removal efficiencies
were 99.12% and 98.20%, which could meet the requirements of municipal pipe network. This study provides a
new way for the treatment of high salt and high concentration organic wastewater.

Keywords multi-stage freezing; desalination; organic matter; simulated wastewater; chemical wastewater;

removal mechanism
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