%42 %% 11 H Tl 7k 4 2 Vol.42 No.11
20224 11 A Industrial Water Treatment Nov.,2022

DOI:10.19965/j.cnki.iwt.2022-0039
-

TE IR Coe IR 55 )
bR (OSID)

B FEEERIWLEIRSIREEP SR

F O#E,Madk, B, AN
(M TEREELEFRE TRZE, AW 132022)

[(HE] RABLE-miFEds 12 Iikﬁt&?ﬂﬂ&*ﬂ@ﬁ@ﬁ(w)i_ﬁésr@ TR T R T
H AR ] S b A L L D R AR R N A R pH A SRR L BLBE TP L BR AR M52 |, 25 A 40 Ut A
ﬂ?'@?@&%%%E@Eﬁ4¥li%f¢jﬂ:%k\%m@m,ﬂ/k(q‘%ﬁ,%*&lﬂmﬁ1.0cm,%ﬂifﬁ*&ﬁﬁﬁ?EEFZOV AL 20 s B4, 44
FE R R AT PR RS 2.5 VL LA 10 s {8, S B AR R pH 7~8, L LB TR] 1S min, HL 22 BE 45 AR TG RE R ISR B R B o
Tﬂﬁﬁm#?ﬂ?ﬁﬂ%Sm&%@%mﬁ$%@¥ﬁlﬁﬁﬁﬁwwilWMm%AW%%$7L9”%»
L EE T2 A Ti/RuO,-1r0, AR LA 22 AL T2 4L T AL B TP 4 14.7 mg/L (98 U8, 4b #1538 I8 W 4% 4% TP
0.2 mg/L, 7 2 Tl &5 ﬂﬁﬁmwm3mmma%mmﬁﬁ [ I, b RS 22 UE WE COD M 28 8 L K i T e, 21
BB - AL E LA TR B IR A P A . COD W RA — & b #ERE ) -

[REER] Tl BB IR B 25 ; i fb 2 AL S BR

[FPESZES] X703.1 [ XEKARIRAD] A [XEHS] 1005-829X(2022)11-0145-08

Removal of total phosphorus in industrial landfill

leachate by electrochemical method
YU Yang,CHEN Libo, LIU Zhizhong, WANG Jiangang
(College of Resources and Environmental Engineering , Jilin Institute of Chemical Technology , Jilin 132022, China )

Abstract: The total phosphorus(TP) in industrial landfill leachate was removed by the combined process of electro-
flocculation and electrochemical oxidation. In this paper, the effects of electrode materials, electrode spacing, elec-
trolysis voltage, electrolysis time, aeration time, pH of reaction system and other reaction conditions on the removal
of TP by electro-flocculation were investigated. Additional considertion of economy, the optimum technological con-
ditions of electro-flocculation were as follows: Iron and aluminum electrodes, pulse power supply, 1.0 ¢m of elec-
trode spacing, 2.0 V of electrolysis voltage of iron electrodes and 20 s of electrolysis time, 2.5 V of electrolysis volt-
age of aluminum electrodes and 10 s of electrolysis time, pH of the reaction system 7-8, the total electrolysis time
15 min. There was no need to use aeration-assisted phosphorus removal after the electro-flocculation. Under the opti-
mum condition, the residual TP in the leachate samples with TP of 11-15 mg/L. was reduced to 1.0-1.3 mg/L after
electroflocculation, and the TP removal rate could reach 91.7%. The electro-flocculation process was combined with
the Ti/Ru0,-1Ir0, electrode electrochemical oxidation process to treat the leachate with TP of 14.7 mg/L. The re-
sidual TP in the leachate after treatment was 0.2 mg/L, which met the direct discharge standard of TP<0.3 mg/L of
industrial waste leachate. At the same time, the COD and ammonia nitrogen of the leachate also was decreased sig-
nificantly after treatment, indicating that the combined process of electro-flocculation and electrochemical oxidation
also had a certain ability to treat ammonia nitrogen and COD in the leachate samples.

Key words:industrial landfill leachate ; electric-flocculation ; electrochemical oxidation ; phosphorus removal
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HL AL 22 Y BEAE . 6 T A BIF S 4DLR H e 22 E R
b2 B AR A5 5 TR R Tl 17 35 R R R S (TP)
HEAT ZB , JF 0 2 AH L 0 Ak 2 45 8 L O T B 3108
TR TP AL PRI 22

1 SEIGHER4y

L1 SR H S
Tl 557 3% 35 g A S fE B R 7 i g, B
IEWOK B2 1,

®1 WIREEBAR
Table 1  Landfill leachate quality

i | COD/(mg-L™") A% /(mg-L™")  TP/(mg-L™")

ClI'/(mg-L™") #/(mg-L™") #/(mg-L7") pH

(E 260~510 200~240 11~15

6 000~7 000 0.4~0.5 0.1~0.2 7~8

TR B AR HE VSV, oy BT Al W O SR R
W O B9 BRI 9 R B 5 BH R B T A R PR B LB IR
MR 3o 4 R B L S4B L B R (B 43 95 %~
98% ) A1 7 ¥ S A A &, W R T RO Ak 2 ik
A

1 RE B (LxBXH=10 ¢cmX10 cmX3 mm) .57
L A% (LxBxH=10 ¢cmXx10 cm*3 mm) | Ti/Ru0,-1r0,
e (LXBXH=10 ¢cmx10 cmX1 mm) o
1.2 ZWERESNHE

K AN P 1T 73S 0 FE Ak 2 28 G T by 398
WY TP #EAT KBk . MR H GKPD-36V/5A 4%
AU UK i H P (BRI T S 7 B AT PR A FD)
T WYG-60V/50A H I Fa J& HL U5 (47 M #2101 I 1l
) 5 H B R R R A R R R A AR
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Fig. 1 Schematic diagram of electrochemical device
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H A, AT AN [ R B TR BT L 9 2R S B TP P B
5T .

(1) R HR .
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TR 10 em®, 35 85 40 HO A LA S O 2.0V, L figf s (]
TEIC 10 min, #7745 58 FE 152 B4 350 v/min, X465 LK
[i] 3R P 22 05 TP 5 BR PR RB 9 ¢ RIFATIR ST . SCIHT
FEAE A AT S B, o F A 5 R e S SR T TR I, B
CBERE T 5 P RPRE o AN [R] R AR ] BE A5 0 T 40 FEL AR P
e 5 ot A5 SR 444 T 100 DL T 2 (), FL AR (D B TP 25 B
RO 52 WL 2(b) o

M 2Ca) /T LLE Y FEAR AR AT FE R 0.5 em B,
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Fig. 2 Effect of electrode spacing on TP removal by
direct electro-flocculation with aluminum electrode

FE 2(h) AT, LA B R 0.5 em B, 32 U8 W
FEAS 25 22 B A0 B S 58 4% TP 2l 5.1 mg/L; LA 8] R
BRZ 1.0 em, 5R 4 TP g 4.8 mg/LL ; 4k 25 14 K H 1% 7]
FE % 1.5 em 2.0 em, 584 TPAE 5 7E 4.8 me/L; 24/,
W a5 K 2.5 cm I, 5% 4 TP My 4.4 mg/L. H #% [a] FE
$8 ROGT R P A R 2R R S BR TP RSSO SE AN B
2(a) H AN 7] F AR ] B % R R 3 ot 5 484 5 14 5% T, T
PAAS H A AT R 1.0 cm B 45 LA HL SR08E 5 TP 1 2%
B PEBEIRAE , LLB B IR PR AR 5R 4 TP 77 4.8 mg/L.

(2) PeHitk .

SR PR MU AR GHEA T O PR 22958 B TP A S, I 7
Bk P AR HL A TR R 1.6 A HLFERETR] R 10 min , R 5T 4
FL AR ] 52 %) F, 2R3 ok 23 BB IR VR TP B 520 K Fl A
WH A 5 1ol ) 0 344 B 52 R R ) 17 5% 1 DL 11 3 (), R
e ] B X 42K LR, FiL 20 B3 TP A5 R A 2 i LT 3(b) o

1 P& 3Ca) PT 0, AR AT 4 0.5 em B, Bk BHAR 75 1t
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Fig. 3 Effect of electrode spacing on TP removal by direct
electro-flocculation with iron electrode

B, BH AR 3 Ik 232.7 mg, BIAR 3G & 14.7 mg. AT
SR A R ER B v R DR A /NS R B AR I
BT, BURE AR U Y Fe™ AR B TE B A R
T OB, £ 3 A 48 =, in el B A A

P 3(h) AT AT, LA TR BE R 0.5 em F1 1.0 em B,
28 L BLBEAL TS 118 UE VR AR R AR TP 1 0.6 mg/L;
2 Ji Bt R AR () B 4 K, TP 25 BRSO B AR, 28 AR )
PRI K 2 2.0 em B, 5843 TP K 3.8 mg/L; 1M J 4k 25184
KA, 54 TP AR e o 45418 3(a) Hh HLAR
[i) P XoF L Bl il 5 G Y S e, A5 AR ) R R
1.0 em B2k BB OGS TP 114 25 B M BB S 4, BL B 32 8 W

FEAR R4 TP 294 0.6 mg/L.,
212 wMYE

FELERBE I AR AP BRI o R 2 52 L A R TR 1Y
S, R SR FL S O AT 2Ll 2 B AR — R R Y
Fe? B A JIT 75 19 I [, 32 5 FL 58 38 X TP 14 Ak 2L 2%
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BF, X2 U T TP 1 S BRACREAF, L5 U8 W %
A TP M 1.3 mg/L; 85 M AE 2.5 V (1 B gt oL TR T A7 550
1) TP LBRACR B IR T 5% 43 TP 4.6 mg/L, HH UL AT
DAAS K P A A AR P A PR 2.0 VL SR R R AR FR
f LN 2.5V,
2.1.3 @ fifafe

FERE M B BE 1.0 em , HL A HL JE 2.0 V., 45 HL AR
B HE 1.0 cm  HL LT 2.5 V & F F2RZ 2,127 58
B J5 )RR L BR BE B i — 25 43 ) 1 AT LU P O A 3
B R WREAS 1 SC 56, ) LU F 2L B R A 1) (] 5 8 8
WREAS R A TP YOG R IFATHRIT , S5 R LA S

&S AT LLE Y BE A FR A I E] RS min 20 &
10 min, 8k H B 22 BE IR 3R B DR TR A B A TP R
3.0 mg/L B2 2.1 mg/L, 1B U8 MR A RS P UT R AY 24K
A V3G 22, 6 B A R BRI e AR Y et Bl 5 FRL
fiff BN 18] F) SIE A TG 3 22, B2 8 1 X AR A TP Y 2 R Ak
F AR T 2.1.2 71 A6 A [ 52 36 45 140 F A 1o 1) oy
10 min B} 58 4% TP, 4 52 56 B9 I 5, 3 32 2202 A
AR AR TE 2.1.2 71 SE 50 p B & A B AR H AR A T sk
AR 5 Ak 223G 0 A R B ) 2 15 min, BR AR TP [ 2
1.7 mg/L, I 7E — & B [8] N PR RE R E 5 > H A B ) 38
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Fig. 5 Effect of electrolysis time on on TP removal
by direct electro-flocculation

JNEE 25 min, TP 2 BRI, 5843 TP N 2.8 mg/L,
X e T BHAR A A Rt it £, Xt TP A I BT j 7=
AT IR o ER ORI SR
15 min,

A5 AR A 2R I ] DA S min 2E K & 10 min 5,
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FE, i R TR 2.0V, A 15 min S HCHS BB T K R —
a0 A B S ) SR A L S B R R AT T
W I 150 mL/min, [8] B — 7 B () BURY: | 647 K
ML B -R A A T AL BRB IR TP B 52
56, R 9 1 SR (1) XoF 4k Fl A Pl 2 0 O R TP SR 1 52
M, 25 5 WL 6.

P T 6 T 601, i 5 B AR T ) 384 o, 98 DB AR AR
TP B R L B D T B K . E R RIY
5.0 hi% 2z Mg <ok B rp , FEAS TP 25 5k %2 iy 85.1% (X
F, 22 R b B ) [ AR 2 37.4% , 3 2 T SL 5 B R F Y
Tl 17 3B DR R A3 52 % LR A v R B RS

12 YU Ik
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10 \ . -4 80
s ./ |
T, 8t \ -\ _/ \_/'*'- 70 £
E /SN / :
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Fig. 6 Effect of aeration time on TP removal
by electro-flocculation with iron electrode

WA RE & Mg 55 &8 B 1, B AE X2 IR W h &L
RHEAT W2 B 0 [ 23 42 i A& R MgNHLPO,
SEVTVE WV o, DO R B0 38 43 PO, BRIt R R 4]
Uy, I AT ) ) R B 1) R PR AU AR 25, R
/B8] FH1 5.0 h 34 = 8.0 h B, BE A TP (1 2% B K th
37.4% L T2 74.8% ,iX J& HH T H BN BE Y LB 2
S kE PO B R, 6 Al p S B 0 L BRBE AR
JE T ACRB A5 XTI K b i R B — s AR L
i35 JE WP TP £ M L PO, YK R AFAE , AT 4R
T T OHL BN TP A AL BE LR . H A A AL R
BIR, L —L 85 TP F PO Y 5 [, A b 7 4k
S 3G fin g SRS R TP Y & B IEJE B T . 45
e BT 2T I L SR R SO, R -
SYLA T2 %8 8 W) Ak B JC 15 1 JE TP<0.3 mg/L
ONER: ()
215 R ik %pH

BRI A JE R BE RN R R Y pH S X ALY
JIT TG 1 1 SR A ) 2 R 7 A S R T Fe™ 7 R 1R
Z pH N 7 W AT K Fe (OH), 244 . Tl B3k 3
TS BEA pH Ry 7~8, RE U5 T Ak R R B T T Y
pH, B AR F 5 AN HR 5 I I A4 22 pH X 4 Fi i H 22
E A R TP AR Y 52 MR o 38 I TR 0 T A 4B 5% 1R
SEL AL AV TR R A B B WRRE R pH AT R AR
Me MBI FE 1.0 em  HLf#HL TR 2.5 V 24 F HLf# 5 min 5
V5 VA VR 30 min BURE . N TR R DL AR R pH AR
H, 22 R X 95 JE W TP 1Y 22 R 2R LR 7.
i & 7 /T LA, pH 1 5.06 F T+ 10.06 I, {&
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Fig. 7  Effect of reaction system pH on TP removal by
electro-flocculation with aluminum electrode

FRAB IR TP (19 2 BR A 19.4% 25 2 41.1% , )
B K 2 pH 893 KA B T AP K% 2 i AL(OH ), 22
A, $2 g L B BE XV IR TP W ERR . IR &R
pH H1 9.18 4 /il 2 10.06 B}, AL 22 5 4b B J5 11 15 18 Wi
FEAS JICHB 2R AT BTl /D, 3 TR 4> AL(OH ), 2
PR TE B 45 1 A V8 v A0, R ZR AR U8/ X 5
TE R TP 1 25 B RO 5% i 45 /0N | 2% B A0 R A Pl 254
AW Lh AIPO, UL TE FITE X 5Bk .

B &7 36 0] U, OB AR 22 pH 7E Ttk B 55 B

PR I B AT 4 19 B B 80K, TP 25 BR R A T 30%~
40% Z 8], B Tl 357 3% 32 08 W AE AN X pH AR i
B, B RT A BB A BR B O o iz Tl d B ik
WREA L 3 52 2% A7 558 1) T U 22 o BB T, % s g 4
Z pH I TS T B4R 0 1) T ) V5 A, R FH 205 5] 1 4%
JRAR R pH 23 iF— 20 1 KB UE W & R i, BN
TR pH R $ = X B B 0RO B T A B PR 7 SR
B P A X 32 DR YRR AT P 2R B A LI TG T SR AR &R
pHAEH %
2.1.6 @wARLAELT X

Wk R M P SR AR LAY Fe (OHD), AR VLI H {0
Fe 8 AL N Fe' J5 X PO, UL TE 25 BR AR A8 22 548
LB A B ALCOH), 22 AR R BRI 3 2 12, (H
AP PO 1 b 3SR AR A o LU H 2 0 P B A
HI R, 5 & A sk, SO i A R AR AR
5 1A FEL B X TP 1) 2 BRSO RS | Ik o ri 1543 B 1 T A
AT LA 3R G B B 0% i Ak o 3k FH bk o R R 4 S ke
Fe-Fe Al-Al Fe—Al 3 Ff i 22 5¢ d il 24 &5 7 b A7
TP 23 B SE 56, K521 Fsf [ 3 Bk Fl A i 2 30 HL I (1)
15 min, 2 B 56 58 J5 6F AR AR AR HEAT B L R TR H
e 4 05 21 1 PR A 2 S 500 WL 3% 2, ik ol rlL 2R B X
YEVR TP TP () A FR 25 SR UL R 8

®2 ARBERAGAXTHGR)BRBLESH

Table 2 Electrochemical parameters of iron (aluminum) electrode in different electrode combinations

H A% A S A [ B /em CENIVAY H T /A 84 s [ /s S B[] /min H A I8 ol A /mg
() 1.0 2.0(2.0) 0.4(0.4) 20(10) 15 280
LEIGED) 1.0 2.5(2.5) 0.9(0.9) 20(10) 15 20
k() 1.0 2.0(2.5) 0.4(0.8) 20(10) 15 300(10)

TE = CL) A B A TR 1], AN Fh B8 A0 2R o A 9 o e o (2) ok o o, 5L 508 2 A S SUI IR B G 47, vl ik i fia) Ay 54— J] 301 ekt ff I 1), WL e 245 S 81

Wiz f7 ~ — .

Fea TRk - AL A R T2
P A ) 4 fRL A I B DD 300 m, B AR B R o Ok /b
10 mg, 7 W1k HL B 40 P B 349 2 2B s ol Jok ol by 5 T
DA Rk P AR B E A 0 B ) s B

Hi P 8 A] LUt Ho 2L BE R ] Fe—Fe AR 41 &
X B UE WA T TP Y 25 Bk R 73.8% , Al-AL HL %
HA TP EBRHE K 65.5%, Fe—Al LI 2H A TP £ %R
Ak 91.7% . 3R LA A& J5 b Fe-AL A 4H &
X TP A 25 BRACHR fe B UE W TP i 14.5 me/L B =
1.2 mg/L.
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K H Fe— AL HL AR 41 & X518 U8 HE AR BEAT 2 K H
BB WL A S B IR AR TR R TP A T
1.0~1.3 mg/L, TP 119 &b B 255 35 2] Tl 457 32 2 08 W
IV1] 43 HE 0 BT 3R A 3.0 mag/L 14 BRAE, (H G 122 99 2 5%
4% TP<0.3 mg/L 1Y EL 32 HE bR 1fE
217 4

R -4 i 2 5 e 2R BERR B T 20 A HE TP A
11~15 mg/L B2 UE W FEAS , 72 AR AT BE 1.0 em, 2R H
B oL 7 HL TR 2.0 'V, FRLAR 20 s F80 R, 45 R A R A HR R
2.5V, LU 10 s {8 % , Wi SUEE ) 15 min (9 HL B 2
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Fig. 8 Effect of electrode combination mode on
TP removal by pulse electro-flocculation

ZAF T O] U B 1Y) TP 25 BR AR L 4 B S 5% 4% TP
M2 1.0~1.3 mg/L.
22 BER-BAUZENASIZAERNKEER

H Ak 2 SR AR vk AT DK Tl s 3% 38 D8 T % TP
W2 A PO BRI CL R VR Ol
6 000~7 000 mg/L K5 AL ~A 484k T8 B T 205 T
2R T L CL AR I R S A8 B IS R UK B
TREAS (s AL R PO, T BB R A i 1R 40 A5
FRERULVE o ML Ah 1B DR AR A v 3 % 1) 37 P Sk 7T
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Fig. 9 Removal effect of TP of different treatment processes
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