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Electrochemical pretreatment of landfill leachate RO
concentrate with multi-channel mesh electrodes
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Abstract; Reverse osmosis (RO ) is widely used in the treatment of the municipal solid waste
leachate because it has'the advantage of high quality of treated effluent, low running cost, etc.
However, the /concentrate produced during the RO process has high COD, high color, high salt
content and is extremely hard to be degraded. At present, the treatment of RO concentrate is rather
costly, low efficient and high energy consumption. In order to solve these problems, a novel
electrochemical treatment process of RO concentrate in a homemade six-channel electrochemical
reactor with the Ru0O,/IrO, coated titanium mesh anodes and the 304 stainless steel plate cathodes
were proposed. The effect of operation parameters of the current density, liquid circulation velocity
and specific electrode area on COD removal was investigated. The degradation mechanism of the
refractory organics and the energy consumption of the electrochemical oxidation process were also
analyzed and calculated. The results show the COD, TOC and salt removal efficiency was 68.0% ,
40.6% and 72. 1% respectively after electrochemical treatment for 3 hours under the optimal

conditions of current density of 32.89 mA+cm™, liquid circulation velocity of 0.46 cm+s™ , and the
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specific electrode area of 65.1 m* m™. Compared with the conventional electrochemical treatment
process using plate electrodes, the per kilogram COD removal energy consumption of the proposed
electrochemical process is only 25. 5% of the former one. Therefore, this work could provide an
alternative choice for the pretreatment of landfill leachate RO concentrate.

Keywords: reverse osmosis concentrate, electrochemical oxidation, mesh electrode, energy

consumption , desalination.
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Table 1 Physicochemical characteristics of the reverse osmosis (RO) concentrate leachate

280 RO #4551 My =R A
Parameters RO concentrate Measuring method National standard
pH 8.10 +0.02 i3RI SR GB 6920-86
COD /(mg-L™") 3414.7 30 PR R OBk HJ/T 399—2007
BOD,/COD 0.06 BOD W E 4 ( #4ERHY , LTH-BOD601 A ) —

TOC/ (mg-L7") 1987.5 +20 TOC WX ( &, TOC-LCPH #1) GB 1319391
Cl™/ (mg-L7") 15396.4 +100 T R R 5 12 GB 11896-89
/A 8000—8500 T BEA RO GB 11903-89
JBEE/ (mg L7, Bl CaCO4it) 11500—12000 PR AR 7 7T 5 1 [16]

HEE A (1) 0.01 Bk 16
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Fig.1 The configuration of electrochemical reactor(a) , experimental set-up(b) and electrodes(c)

of the electrochemical treatment process
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2 5 51718 (Results and discussion)
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Fig.2 The effect of current density on COD removal (a) and residual concentration of free chloride (b)
during the electrochemical treatment of RO concentrate leachate
Reaction condition: wastewater volume of 3.5 L, circulation velocity of 0.46 cm-s™", specific electrode area of

65.10 m*>m™ , initial chloride ion concentration of 15396 mg-L™!, pH 8.1—9.6, wastewater temperature of 22.3—30.6 °C

2 AIAT B LR 13015 mA - em 7 HE K EE 32,89 mA -em ™, COD R R B Bk, {224
HL 5 AR SE I 32. 89 mA -em 2 IS K 39.47 mA -em ], COD Y 22538 R A A PR AIK. 3% 3282 2 A
TAEM A RuO,/1r0, ¥k )2 Ak I B A SRy BT S FE A, Fifi 25 P J00 %5 52 A 398 T, P57 ik i) 3 3 267 1 A vl
AR B -3 2 7 A s S AR MR A 29 S AE CL, \OCL 45314 2 | M A/ A 213 5% 145 COD 1)
FBRH AL, (224 H 3 ARSI NS, COD 1 25 B R A BT AL, HL B o el i 2 S 0 &8 — o



2 SRR TEA - 2000 1B PR P AR P A A BRI 30 5 U S 15 8 VR 4 T 607

B ISR R A A5 AR CL, \OCT 5522 | LA A MLV B B 28 K ORI, 5 102 ) 22 i) 4 400 ok A% 3o
SRR ZE O R B A BR P N 2 L B AR IR AR X — S 2(b) BRIk AL A B
IR AT R AT (CL/OCT ) PRA R A e — 3. 78 I AR 100 min B, f T SO R R H A L&
iijﬂi S AEARPERY CL,  OCI 545 HL4 s 3 R 5P, R 1 A 28 v 80 4 g e 8 4 7 i eI 5 i 24 7E Ak

2 RBTEE] 100 min DA B 44 28 v 0 780 4 110 i 8 41 R ORI n, L i R I 2 T 1) 398 R T
K. HALZE SR A AR BN 557 3575 BB T RO IR 46 A I SR S5 AN 81 3 B, B I 3 Al AL, HaL b2 4E Tk Ak
B RO WS B (R R B B, (R AT 35 959% LA L, iR A 1 8000—8500 177 , AR 400 154245

0 m?n 20 min 40 min"6'0 min 80 min 100 min 120/min 150 min

3 A SR AL BRI B IR RO VAR OB CLRICR
Fig.3 The decolorization of the RO concentrate leachate by the electrochemical treatment

2 -1

Reaction condition; wastewater volume of 3.5 L, current density of 32. 89 mA-cm™, circulation velocity of 0.46 cm-s™ , specific

3

electrode area of 65.10 m*m™ , initial chloride ion concentration of 15396 mg-L "}, pH\8.1—9.6, wastewater temperature of 22.3—30.6 °C.
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Fig.4 Effect of flow rate of effluent on COD removal during the electrochemical treatment of RO concentrate leachate

Reaction condition; wastewater volume of 3.5 L, current density of 32.89 mA-cm™, specific electrode area of 65. 10 m?m™ ,

initial chloride ion concentration of 15396 mg-L™!, pH 8.1—9.6, wastewater temperature of 22.3—30.6 C.
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Fig.5 Effect of specific electrode area on COD removal during the electrochemical treatment of RO concentrate leachate

Reaction condition: current density of 32.89 mA-+em™, circulation velocity of 0.46 cm-s™!,

initial chloride ion concentration 15396 of mg-L™" | pH 8.1—9.6, wastewater temperature of 22.3—30.6 C.
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A ALAL B RO YR ARTE 3 h, COD Z2 4R A1 3K 68.0% (TOC LERF AT 1L 40. 6% |, EELR AT 1K 72. 1% |, Filkh
AR RAT. R AT W5 2 T Ak A A AL 38 RO MR 46 VR B2 v i) P 3 B AR, 45 SR 3k 2
Fii7R. FRER 2 W0 B F Ak 2 U AR R R TR T , R B 7 BT i COD TR REREAS B4 i, eh 470 16
910.5 kW-kg™ COD B4/ 45.7 kW -kg™* COD. iX 3= %2 0 s {22 AL AL B 3], RO ¥R 46 5 T
FL A A AT WL MR B 15, T LAST- IRE B /N AF 5 v S AT AL VAR 2 it o L A 2 b JHE ST ] 199 B KA O e
B, X 1) BEAE ALt S o B, AR~ S A A B (R AS 7 5 K
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Table 2 Comparation of average energy consumption for the removal of COD of the RO concentrate at different electrolysis time

B s 1]

Processing time/h €.(COD)/(mg-L™") EC/(kW-kg™' COD)
0 3414.7 0
0.33 2329. 1 10.5
0.67 2064. 6 17.2
1.00 1946.3 23.5
1.33 1744.5 27.5
1.67 1641.9 32.6
2.00 1577.5 37.6
2.50 1100.9 37.4
3.00 1146.0 45.7
Reaction conditions: current density of 32. 89 mA-cm™, circulation velocity of 0. 46 cm+s™!, specific electrode area of 65.10 m?*m™ | initial

chloride ion concentration of 15396 mg-L™!, pH 8.1—9.6, wastewater temperature of 22.3—30.6 C.

WA AR T AR IE 22 B0 S H R 4 38 T8 ARCIR F B H Ak 2 RN 28 A0 38 by 350 8 B R A Ak K
3 hHPEIHERE N 179. 1 kW -kg™ COD, AR TAEF-IIREFEA AT E H 25. 5% ,3X 7] HE S R A R B b o
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Fig.6 Mass spectra of the original and electrochemical treated RO concentrate leachate samples determined by GC-MS
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Table 3 Qualitative analysis of GC-MS determination of the original RO concentrate leachate

by computer spectral library retrieval

P g st i Y BL44 R AT i NS M
No. Retention time/min  Material name Relative content/%  Matching degree/% Toxicity
1 5.88 X3, 4- T2 14.12 72 —
2 6.42 7~ F RSB — i AU 5.51 83 —
3 14.17 J\FR R BA DU i AU 4.92 91 —
4 23.15 B AR S 1.24 91 *
5 23.55 Wi = 2l 0.83 98 S
6 26.97 HHR 2.07 70 —
7 29.86 RS RE A bE 0.27 81 —
8 32.74 2,2,6,6-PUHI SEIRIE 0.75 93 —
9 34.22 = 0.22 64 *
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G 13- 5 15t ] Y&k AR B VERCEE M
No. Retention time/min  Material name Relative content/%  Matching degree/% Toxicity
10 40.97 ARSI g 0.73 70 —
11 42.00 TR 0.44 60 —
12 43.73 3BT HFER 0.18 83 —
13 44.80 =N S R R i 0.44 95 —
14 45.26 25 0.26 70 —
15 45.44 B - 0.92 78 —
16 46.36 231 F -3+ 0.43 70 —
17 48.39 B = (2-50 255 g 1.65 91 —
18 48.97 WEAR = (1-58-2-TH L) fig 1.85 95 —
19 51.60 b Sy 0.54 63 —
20 51.82 TS LE R H R 0.70 89 —
21 52.93 AR R T 0.32 60 ® ok ok
22 53.36 SR O 0.79 89 —
23 54.00 LTI =R Ak 0.40 74 —
24 56.07 TR T g 0.66 97 ® ok ok
25 57.44 3-¥R3E-2-H L3RI T R F 0.32 68 —
26 58.86 e - 0.19 92 —
27 62.36 =k 0.19 95
28 65.30 Ztpuk 0.29 96 —
29 67.87 B e ST 0.18 93
30 69.21 A R g 0.09 70 —
31 70.16 e 0.13 96
32 72.26 RWIRS 0.11 95 —
W =7 AR w7 RRES w7 2UPETRES + % 2 Note: non-toxicity “ =" ; low toxicity “ # 7 ; medium toxicity « *

”

acute toxicity “ # # *

R4 GC-MS ME L= AMAL I 3 h J5 1 RO RGO EALIE A 2R M oA
Table 4 Qualitative analysis of GC-MS determination of the electrochemical treated RO concentrate

leachate by“computer spectral library retrieval

i 155 st ] Lliey AR NG B
No. Retention time/min . Material name Relative content/%  Matching degree/% Toxicity
1 3.14 =AM 1.87 78 *
2 3.98 R b 0.26 64 * %
3 4.06 AL 0.39 93 ® ok ok
4 5.34 Py Ak fik 0.94 64 ok
5 6.20 1,1-—H 33 A AR 2.08 78 * %
6 7.06 1,3-52-T ¥ 1.65 72 o
7 8.09 i) — H 0.15 74 ok
8 10.01 1,1,2,2-lU5H ke 0.21 60 S
9 12.41 HELHE 0.40 99 s
10 17.89 1,1,1- =5 H b 0.60 83 —
11 18.27 NI 0.89 90 ok

12 23.10 2R (R Uk 0.30 70

13 23.12 MG 0.36 93 * ok
14 23.44 W2 = 2. W5 1.24 98 %
15 23.98 KR 0.65 64 *
16 24.56 ZHTHEA 2.38 83 * %
17 27.53 ZHEAE L 0.49 93 *
18 34.20 1,1,1-=58 2% 0.14 80 *
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4
i 1 B8 i 1] Y24 HK AR NG G
No. Retention time/min  Material name Relative content/%  Matching degree/% Toxicity
19 35.63 =AU b 0.99 83 R
20 43.72 -G 25 be 0.06 64 —
21 44.22 - F SRR 0.07 60 —
22 44.63 FreER = g 0.65 91 —
23 45.03 TR P - — 40 P R T A 0.28 64 —
24 45.28 [l-AN 0.07 60 —
25 47.60 2B ETR 0.02 86 —
26 48.45 = IR 0.33 95 *
27 49.92 RI-15-7Rk-5 0.04 70 —
28 51.89 2 Tk T AR 0.03 60 —
29 52.95 SR RER 0.09 87 *
30 55.08 4R HE-1,3- R 0.06 84 —
31 55.92 R 0.02 87 —
32 57.30 4- WAL O 2 B 0.06 64 —
33 57.46 e 0.14 72 I
34 58.86 e it 0.05 97 —
35 61.42 +- 0.02 64 *
36 62.37 B 7 It 0.06 99 —
37 65.32 B 11 0.10 99 —
38 67.30 VURAE 0.02 93 —
39 67.88 RWANSH 0.10 97 —
40 69.23 SRR . (2-2 K ) g 0.03 93 —
41 69.55 T TR T R 0.01 92 —
42 70.39 ANTILLER 0.01 64 —
43 71.91 2-T N 0.01 96 —
PE R 1e= 2 ARFEES w7 R EEMEC o w v SdE TS « % % 7. Note; non-toxicity “=""; low toxicity “ * ”; medium toxicity “ * * 7 ;

acute toxicity “ # # * 7.

2.4 B AbE R AL R R AT S AR R S B
I B IVE 6 G TE A HE A S SN A LR AR X B3 3B BB TR RO MR 4 I AT AL B, A8 15 /K Ak
PR P IR AR 1 B K2l b B AR DOE , X AR DTS AT XRD 434, 4 9L an &l 7 iR, & 7 ]
1, 3 5 R A XR D RE PRIE e X, 0 450 AT 4 R NaCl |, CaCO, , 13 98 [ AR UL 3 14 7T 375 it
AT S AgNO, A=A FIELTTTE ; AN IR 20 AT 4k R Vs TR it TR SR 0 22 P AR 2 e B S 38 it — 45
UESE. KA HUA 22 Z BT L2774 NaCl il CaCO, FAHUTHE , X 24 i T o ik A E L AL B RO e 45
BT, RuO,/1r0, 745 J2 BOAR R B 23 R 2B A €L, OC1 220 BAT s S8 Ak 1t |, RES A 3 484k RO
AT IR AP, IR B KK COD A1 TOC HFEAIR A Ab FRARCR , AR i T KB I S LA WL, X — p
Al GC-MS SZIR 25 BT IESE. 1 304 AR A Gt 25 RO A A C1 AT OH |l FRiRB IE R RO Hk
ARG ER R R P S KR AY Na® Ca™ , AR IR [ Na* 5 C1™ F T F A2 S 0 o 78 il
AT Y NaCl 23 AR FRUTSE BT 00T 5 B Ak 2B 4L RO W 4R R A ML 2 A co, , Hi 5 i
W= OH R AE AL COY LG # 5 RO R8I P K EAFAER Ca™ 455 A2 CaCO, TLTE ™ .
PRI, S5 A LA SR ZE > 200 HET Hh A Ak 2 S A A BRI 358 JE TR RO R 45 W A i RE AL B 2 1
Az (1)—(10) FroR
BRI S5
20— Cl,+ 2e” (1)
6HOCI +3H,0 —— 2C10;+ 4Cl +12H*+ 1.50,+ 6e (2)
BRI S0
2H,0+2¢ — 20H ™ +H, (3)
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OCl" +H,0+ 2¢"— CI"+20H" (4)
1144
I+ Na " Nac ! (5)
WS -
Cl,+ H,0 —— HOCI+H"+ CI- (6)
HOCl — H"+0CI” (7)
Cl,/ OCI™ + Organics (FHLY) — Organics—Cl (FfLAHLE) +H,0+CO, T (8)
CO,+ 20H— CO> +H,0 (9)
COJ + Ca™*—— CaCoO, | (10)
(@)
— AR
Solid precipitation sample
I NaClFRME
NaCl standard sample
I CaCOshrifkfh

CaCOs standard sample

|
g

e
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Fig.7 The X diffraction pattern (a) and photograph”(h) of thewhite precipitate produced

during the electrochemical treatment of the RO concentrate leachate

3 4512 ( Conclusion)

ARG HIE TR EEE /S mm (9°6 3838 19 B 102 SN 2%, R FH RuO,/1v0, T J2 8K 9 HEL AR Sy FH
e ,304 NGB LR A B , He Al AL A BT 302 U8V RO VAR, WP % A 1 FL L B AR BRIk
FEH AR IR A SO0 COD L BRASUCR M2 , 43 BT 1 HL Ak 27 A0 L B XEREE A A DL 1 [m] Bof 3t 5 rry ask R AL
S EIRERE A R 458

(1) Ha Ak 27 S Al TiAE 31ROV 40 W35 BT 2% 10 O« F U %% B 32, 89 mA - em ™, R I AIE FA Ui B
0.46 cm-s™", FELAL AN 65,10 m*- m™; A AL AL B 3 h, COD L BRR 1l ik 68. 0% , TOC % B ] ik
40.6% it [5895% L L.

(2) B PRI B AT, H Ak 2= U AAL B RO MR 4 W 1 F- 4 REFE FRWT 46 19 10.5 kW kg™ COD
RZE 45.7 kWekg "COD, {H 58 H1L 4 T8 TE AR A 04 Ak 27 RO 2 AH L, A0 B 3 b Z3BRBA47 COD Py
REFEIURTTE 1Y 25. 5% ,AE Ry Pl BEE AR BA B0 28 551k

(3) i3 GC-MS WMZE , RO VAR W b VEFC B2 &5 T 60% BYA LYy 32 i, 2 fb 27 A A b B s
) RO VARG N2 43 B, SALA WL RS fp AL BRET Y 2 BhBSR A 16 i, 33X n] g 1 Bl 7K B PEHE KA
IRV | e 2 — 2D R B A 3L

(4) FLALA A RN P RO W ARG RE P, Rk 72, 1% , BRI AR M7 i NaCl BRI AR 1A 2 £
7PHE CaCO,TTUE , 2 5 K MR 1) =2 S IR T 6 0] T I /K s it — 20 i A 3.
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