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Experimental research on treatment of municipal waste landfill leachate
using supercritical water oxidation
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Abstract; Municipal waste landfill leachate was treated with a batch-type supercritical water oxidation process,
with hydrogen peroxide as the oxidant. The impacts of reaction temperature, pressure, and retention time on
oxidation efficiency were studied. The results show that the COD and TOC removal efficiency of leachate treated
with supercritical water oxidation improved with the increase of reaction temperature, pressure, and retention time.
After supercritical water oxidation, the efficiencies of removal of COD and TOC reached 98.8% and 97.6% ,
respectively, under the conditions that the concentrations of COD, TOC, and BOD in untreated leachate were 8119
mg/T., 2289 mg/L, and 971 mg/L, respectively; the reaction temperature was 405°C ; pressure was 25 MPa; and
the retention time was 37. 1 seconds. The results show that supercritical water oxidation could effectively improve
the biodegradability of landfill leachate. The ratio of biodegradability of leachate increased from 0. 12 to 0. 55.

Key words: supercritical water; municipal waste landfill leachate; advanced oxidation; reaction temperature;

reaction pressure; retention time

AT RIRAE I A AT R b i TR mIRIEEOK . B ETAB IE I A AL B2 R T LY

IK BRI LK e 35 v 5 A FR 7K Ay T8 1 7 A DR Y
BB . BB IEBBAT TS YR B i REVER
A i MEAE R AR AR, P AL B

FETH . ER A RF2EH4 (U1404523)

AP EEAT DL B R AR A TS P IR KL 4 (up-
flow anaerobic sludge bed/blanket, UASB) | K %8 N 1/
A (internal cyclic,IC) AR 1Y A Al A B U N

TEH R 2N (1977—) 55 RIBR L, 2SR SR AL BEEARATTE . E-mail :9767754@ qq. com

.50 .



UUUE By B AR WAL B DL K ZFp b B T2
HUE RS

R = PR A AR K A TR AL B, B
MERERRA LY, 2 2 AW IE A S B I Bk Ak
SR 1A FH g R R A e T PR K Y e
SAALEIAR 38 S 3 A v AR AR R R
X XERE A ML IEA T o0 A B ROV PR b B
AR 3 ) SRR e BT R B 3B R R Y
Il ALK BRI T B 204 SCHRARAE ' 2B LI R
b 18 A 3 i R 08 DR VR O F SR X 42, R[]
AR I S K SR 2 o LA T A B DARR T I B
WEE ) 45 BB A5 240050 COD A TOC 19 £ R
DL B UE T A AR AR AR S s

1 KENE

1.1 KEEE
T8RRI K S I %6 B R VL IR A
A MBI TS A BR A 7 A 7= a Ta) ak e i i e TR s
28 A E R R ORIRE 600°C , 5% 5 7K 1 40 MPa,
S ZERFR 600 mL, J2 2% B R = - L 1,
JE S %
SN S5
%m%%ﬁuziﬂ U
YA HIK i 1 — o
VLR )

i e s

—&— A K

ARy 1
1 BERARNEEREE
1.2 RgE##

TG T FH V2 U8RI 1A 1T R b A= T by SR R
BUBRE T B A L, OB L, COD  TOC
F1BOD 1Y Jiz 1 V& BE 43501 R 8 119 .2 289 971 mg/L,
Ak R 0. 12,

IRE T 25 5 F A 30% i3 A AL A (H,0,)
43HT COD ,TOC F1 BOD ff FHi 34 T 37 3% | 43
Mral g ; JA, 4R T 99% |
1.3 Rgit

TR0 Y Ee 28 H 2 AR A I LK U Ak B 3%
B UB A fe A I 2, R B R AT E 2SI
H T G I SR A AL HOR X S 2 AT Ak
FRAFF 5T B IRAE T A £, HLS ) dth X 7 3 SEUHE 37,98 g
WK ST AR 2290, BRI Sk T A5 0 1) e
FNE A, et it A T B R A, il 5 R
MR EE T R XS UE COD \ TOC K FR%R
(SR, ARAT A RE e R A 8 BES , R —2

- 60 -

(1 IE S0 FR A5 B BAE VO I, FRE AT R A1
TR 5 S5 A 14 5 g 46 2, 3 AR T AR R0k A T 228
R TARE

AR YR . PR 5 M 3 B0 1 S N AR AR R TR
320 ~430C , /7 18 ~28 MPa, 5 B4 I [A] 15 ~40 s,
1.4 KEHE

BRI IR Z AT AT R AW E
], e e U A S I 2 A e A5 TR
%mﬁ;

IR AR TR LR, 4k R AR e
N4

AR 3 TR — o i I AR A B8 UE
H FE T8 TR R KB DR AN AL TR BT
AR AR A BN RO 22 5100 1/3

AR 4 TR A RN TR S A B S0
42 N AL R I AR RS A5 F T O

AR S 24k BB B S TR R T, R e
JE FFURTTBS A3k B35 %2 14 B g B [B) ), 2 0 445
AT R ARE | RIS T TR K e, W I o 28 A T
Rt

IR 6. R RN B NIREEREIZE 50°C LT A, IR
EE N SAHFTRR = W A T 50T
1.5 #SFAE

SR R R R BRI A COD (572 4 COD i ]
SEAL, PR F)) 5 >R R 22 35 i BOD,
W75 Bl 0 ~ 1000 mg/L(870H %! BOD il 5E 4L, I
TR TEAILHE A SR A PR H] ) 5 R FH A be i 1k A A 1
MZE TOC ( &HE: TOC-V 28 )

2 ABWERENH

K R K B AR I8 SCHRE B | ) VTR
J7 EATR A5 B S T R A7) B2 A2 S e s by S8R
) FRBHRE, EHGEA ST PRR 0L, B
JLNE R | R g R s ] 3 A4S PR X B Uk
COD HI TOC KBRECHR M, 32 2L PR ek 1
Ak 2T R RN R B AR A, — S O TR
T A R T A VAR AL . T 22K Y
W T RZ e 2] S 8 ) R 3, 55 A6, R iR el .
B [N R R, — kU, R T e A R TR
o7 FRE AR, — M O S O S R S 2%
HEAT BBRFE 53 A A T G R R

AR AL FIR ] 30% 1k BAL S, 454 SCik
R0 00 A AR B = R PS5 B ) 2.5 £F,
RPEAbl i bl r R 2.5, R0 R B R R AR Rk
PR T 15 U8 VR R A 1) B A S 1y 5



2.1 RRERE

B E VIR EEXT COD Fl TOC £ B EUR Y
s, TEEERS R r 2.5, K18 25 MPa, {5
FHEHE] 30 s (2500 T 347 B g, 2 i i B2 722 Ak 7 il
h 320 ~430°C , g4 R ILE 2,

100 ' wcop

B TOC

96

92

88

LBRFE %

84 |

0
320 340 390 405
R/

2 REGBEXT COD # TOC EBREMFM

i & 2 1, COD Fl TOC EBRAREfZE S I
(AT R T T 8, 24 3 DA I SRR A 1) 320°C T i
FIFBIE AR 1Y 430°C B, COD A1 TOC 22 Bk %4 5]
M 89. 8% H1 88% T %] 98. 7% F1 97. 6% , {H 4R
JEIRF] 405°C 5 , 4k L2 T+ 5 B2, COD Fl TOC £ BR
FRIEEANIA & IR 405 °C T E 430°C, COD
EBRHRIN 98% HE T F 98. 7% , AV 0. 7% , TOC
EBEFM 96.6% 3 97. 6% AR 1.0% , Al
DLAEAD R I 5 UG WA, T ) B TR BLLR A IR
AL PR RN ZEE A, e B 405°C HLAL Al
2.2 RREEH

TEEALF R r ol 2.5, W R EE 405°C 15
FETTE] 30 s MYS1F T AT RN, % 8% R v Hs T %t
COD 1 TOC ZFBRAR MM, i He 1 A8 4k 75
H 18 ~28 MPa, ik 45 R WK 3,

1001w cop
og+ M TOC

96 |
94 |
92t
90

410 425 430

LR %

18 20 23 25 28
[ 77/MPa

B3 REEHX COD FTOC £ EMENN

M 3 ATLAE HY, COD Al TOC ZLpRRILA T H#
Bl HE 1 BT i AR T EJE TOC RBRR T
BRI SE , 1 COD ZBRFAE K 14 20 MPa LU
TEEAR, R 92% ., 1SR 1 FH ] 23 MPa B,
FBRRT R ) 96. 7% |, 1 PR SL T = R Sy, 3 1
Thits A8 28 AE JE J1 R 28 MPa Bf, £ BR RN
97.9% , AAEE T 1.2% . W, vl W& Ji%F coD #
TOC BRI A2 M A W 52w K, 25 R 315 45 1)

LAt AEAL R B IR B A R T
ZAS2 25 MPa,
2.3 {=8atE

TEEALF T BRI r 2.5, RV IRJE 405C , )2
i 1 25 MPa I 2514 T 54T RN, 75 58 I W A5 B Bisf
[E]X} COD F1l TOC KBRBCRMIREM , $5 il 45 B2 B[]
ST 18 ~40 s, RIS LK 4,

100 mcop
9 | B TOC
S gt
N 88.
N
84 t

0
18.6 20.6 224 247 285 323 37.1
RNl /s

B4 {EBEEXM COD M TOC EREHHM

H I 4 FTLUE S S0 I R BE AT R0 42
COD F TOC My EBRAE, MR FE B M 18.6 s
FER F] 37.1 s B, COD Ml TOC A9 25 Bk 2 43 51 A
86% H186. 5% #7551 98. 8% 1 97. 6% ., T &I
WA WL Yk B R FE RNt R T AL B2 1 BT
(AR AT AEE T LA SN B[R] 938 4 JE R AN 2 5
T RCR T HAN 2 W] B AL B A, DRt A
AbIEVB UG R A 30 B NS FR BT 37. 1 s,
2.4 BREEAELENTL

TEEALRIT R I - o 2.5, VTR 405°C , i
JE 7125 MPa, AN[RIfE B8 B[R] A0 2542, X6 S 1 s YA
FEYIEA T K B AT, R S B IR BOK BB DL L& 1

x1 AEEBHETREGSERKR

- N COD)/ p(BOD)/

2 51 [k p(

SRR I E] /s (mg- L) (mg- L) £
37.1 97 54 0.55
32.3 252 105 0.42
28.5 398 196 0.49
24.7 528 212 0. 40
22.4 788 375 0.48
20.6 982 496 0.50
18.6 1137 516 0. 45

2 W LIA L 2l SOK S U5 | Bk
BT AEAPER 2 T WL R R, ORI 0. 12 15
#0.4 ~0.55, FIEFI APy Ak BRI BLAS T I 2
IKEEACR B AT S T Al T i A W)
AR T ARG & A AR WA BR A AL B, AR AR
AL PR G E T T

3 & ¢

a. ETEBIIBUER COD Fl TOC 258245 5]
Biti 5 52 o7 i B B e i T R, 2SI EE A 320°C T
- 61 -



| 405°C 1}, COD 1 TOC ZBEF 435I M 89. 8% Al
88% T3 98% F1 96. 6% , {H L, YKL T+ = iR,
COD F1 TOC KFRFHEF AL,

b. JE 1% COD HI TOC 2555 5 B 5 M AN G 5
R, Y J135 5] 28 MPa B}, COD il TOC
22 BR 553 M 97. 9% F195. 4% .,

. JERAF R BRI REAT R R COD 1 TOC 1Y
EBRR, BEHAFEM 18.6 s FEKF] 37.1 s B,
COD 1 TOC [ EBRZ53 7 M\ 86% il 86. 5% & = 3|
98. 8% #197. 6% .

d. I AR A AL B e 2 B IR ]
Al A A R ROVEHTAY 0. 12 #2181 0. 55,

SE

[1] E/NK, FHK. MAP-Fenton 3% T AL 3 47 2 75 98 % 1) 5K
Wy (1], BRETT5 4L 5 BiiR, 2015,37 (10) : 42-47.
(WANG Xiaofei, WANG Zhengzhang. Experimental study
on pretreatment of landfill leachate by MAP-Fenton [ J].
Environmental Pollution and Control, 2015,37 (10) ; 42-
47. (in Chinese) )

T 30k, B =81, UASB+MBR+NF AbFESE B )15
PER A BEH B 7 [ 1], TolbKAb 3 2014 34 (11) ; 87-
89. (WANG Han,JIANG Wenhua, MA Sanjian. Design and
operation of treatment of landfill leachate by UASB+MBR+
NF[J]. Industrial Water Treatment,2014,34(11) . 87-89.
(in Chinese) )

T MRBE. B - UASB 214 T 20 A B T B 3005 IR
W[J]. Tolbsk kb3 2011,31(3) : 30-32. (YU Xin, LIN

Geng. Treatment of municipal landfill leachate by combined

[2

[

[3

[

process of micro electrolysis and UASB [ J]. Industrial
Water Treatment,2011,31(3) : 30-32. (in Chinese) )

(4] moteldr, XINLL, 20 hs 25 IR A IR/ W H il A
S G AL BB BB IR [ 1] M4 Y5 e 5 B A, 2009, 31

(6):4749. (GAO Yanjiao, ZHAO Lihong, LI Huiting, et
al. Treatment of landfill leachate by upflow blanket filter/
biological contact oxidation reactor [ J |. Environmental
Pollution and Control ,2009,31(6) :47-49. (in Chinese) )
RE/NaC, A EE. A0 MBR 5 BAF 414 T2 AR 3
BUEW[)]. Tl /K 4b 2, 2007,27 (9) : 3941, (XIONG
Xiaojing, JIAN Haixia. Treatment of landfill leachate by
combined process of A/O MBR and BAF [ J]. Industrial
Water Treatment,2007,27(9) :39-41. (in Chinese) )
XIUSE B XU, SR 7 B B WA I SR B AL
HN BT (0] SRR S AT B, 2010,35(6) « 87-89.
(LIU Meiming,LIU Peipei, GONG Ke. Applied research of

supercritical water oxidation process of landfill leachate

[5

[

[6

(-

[J]. Environmental Science and Management, 2010, 35
(6): 87-89. (in Chinese) )

INESR, TR, S, S S 3K B R I K AL
AL PR BT ZEBUR [, Tolk /K 4b FE,2014,34 (1) : 59.
(GONG Yanmeng, WANG Shuzhong, XTAO Minyan, et al.
Research status of supercritical water oxidation treatment of
landfill leachate[ J ]. Industrial Water Treatment, 2014 ,34
(1):59. (in Chinese) )

(8] ZEdhih W25 BV SE 45, I SR AL R A BB 305
TEBAPTFE [J]. B 58K 2015,38 (8) : 206-
209. (LI Jingjing, PAN Jun, DONG Zeqin, et al. Study on
landfill leachate treatment by supercritical water oxidation
[J]. Environmental Science and Technology,2015,38(8) ;
206-209. (in Chinese) )

25 i IR AL 3R Fenton 155 1 G FK A LR H
KBRS DRSS [ 1], ARARFRE A, 2015,41(3) :89-
92. (LI Jingjing, PAN Jun, DONG Zegin. Study on the

treatment of landfill leachate by Fenton combined with

[7

[

[9

[

supercritical water oxidation [ J ]. Technology of Water
Treatment ,2015,41(3) :89-92. (in Chinese) )
(Wicks B 2016 06 - 15 gk T J%)

(L#% 12 1)

[ 6 JU S Environmental Protection Agency. Guidance for federal
land management in the Chesapeake Bay Watershed [ EB/
OL]. [ 2010-05-10 ]. hitps://www. epa. gov/sites/
production/files/2015-10/documents/ chesbay_chap05. pdf.

[ 7 ] Center for Watershed Protection. District of columbia
stormwater management guidebook [ M ]. Ellicott City:
Center for Watershed Protection,2013.

[ 8] /N, ZRRA, T30, EE MK BbRERIHT I
X E R (1], 4K HEK, 2014 (6) :119-123. (LI
Xiaojing, LI Junqi, WANG Wenliang. Analysis and
inspiration of urban stormwater management system design
standards in United State [ J]. Water & Wastewater
Engineering,2014, 40 (6) :119-123. (in Chinese) )

[ 9 )30, 204, 400, 55, MRS T E P H] H AR i e

- 62 -

SYEHE T IRV T ], 4ok HEK. 2016(10) :61-
69. ( WANG Wenliang, LI Junqi, CHE Wu, et al.
Discussion on several problems of determining and
implementingtotal rainfall runoff volume capture target[ J].
Water & Wastewater Engineering, 2016 (10): 61-69. (in
Chinese) )

[10] SHESTHA S, FANG Xing, LI Jungi. Mapping the 95th
percentile daily rainfall in the contiguous U. S| EB/OL].
[2013-10-11 ]. http://ascelibrary. org/doi/pdf/10. 1061/
9780784412947. 021.

[11]SHESTHA S, FANG Xing, ZECH W C. “What should be
the 95th percentile rainfall event depths?” [ J]. ASCE
Journal of Irrigation and Drainage Engineering, 2013, 140
(1): 1-5.

(W H#.2016 - 12 - 16 4k . 4 pkE)



