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Parameters optimization of leachate bio-treated tailwater treatment using
heat/Na,S, O, system and the removal characteristics of contaminants
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Abstract: Using heat/Na,S,0, system to treat leachate bio-treated tailwater, some factors, including Na,S,Oq
dosage , the initial pH, reaction temperature, reaction time on the treatment effects, are investigated. The experimental
results show that this system can efficiently remove the contaminants from the leachate bio-treated tailwater. Under the
conditions of initial pH =4, reaction time ¢ = 12 h,temperature T =60°C ,Na,S,0; amount =4 g/L,the COD and color

removal rates are 63% and 100% ,respectively. It is found that a mass of high molecular humic substances are degraded
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into small molecules of fulvic acid and the organic pollution degree is decreased.

Key words: heat-activation; persulfate; leachate bio-treated tailwater

R U — Fh A K A8 Al b T
K A B 7K, X 38 T 7K B 8 22 4 4 ™ R
W B R R 3705 4 I i B0, 38 DB Y
C NP 255 ] 4 3, HC AT A A i i 2% |, fofi 7153
JEUA A4 T2 A Bk S R 22, K K A B
T B — S YR b

R A AR B F AT A TS oKk R A B
JE AR 3 i ORI BE A U 1 /N T Sl B B
RTEE 1 CO, \H,0, 3T Be4E 50 2 BNV 2 WFF 1
HE . HA L - OH R £ Fenton 9 A AL H;
AR 1Z W F oK AL B FLEAG N R R, Ak
WRJE LA, AN g i Is g s AR
TREBEIEH KB - OH (2 2 IR 4, B AL % 1oy it
1T A% 5 B 25 1 75 e A WL 2 1 4 HL TS Je
AR . DR B SRR K A
FERAR K - OH 34 BEAK A b (475 e ) SEB6 R, 76

TEIEALTN BB T, B B i w7 R 4 AR XE A= S
SO, - HETTIA RS /K AALL B B 4 384 3% A 3 4 1R
AP I BUE WA 5 H T AL TR A B B, 1
iD= W ST R R NS U - R L N P N R
{17 S

AR A AR BRIR K BN T 30 4F SR A 5 114 44
AT RGP A SO, - AR B BB R
WAL RAK AR SR 28, D038 B A AL K
43R BEPR AL — o JEL e

1 LBMHEXBTR

L1 sEEeskeE

S BT KA B B T 22 Pl B 3 L Y, 5
UEIAL ) 2 A LA B )RR OK B B
@, FoA —E B B Uk . HOR B4 45 0 COD A
31000 ~1 400 mg/L, Z % {E 4 300 ~400 mg/L, {4,

7 HHE:2016 - 06 - 15

EEW B[R A APEHEEE (51468016) ;71744 [ SAFH-£ 54 (20142BAB203027 ) 5 174 44 BH7 S50 H (20151 BBG70020)
PEB R 0 G (1977 - ) 55 8, B0, e A S, 2SS0 05 1 Jhy /K Ak B2 5 B Kk Ak B R 2 484K, ustblzm@ 163. com,



2017F 1B XEZTF:F/Na,S, 0 MR ZREEKOSEULIK SINRERFFIEHASR 133 -

JEAE S 600 ~700 1%, pH JE R 6 ~ 7,
1.2 XBSE

B 100 mL 3573508 08 A LR K B 250 mL 4k
TR, R FH M #h iR (51 & 43 %0k 10% ) B¢ NaOH
(BT80N 25% ) P45 pH, 548 in— & 5 Na,S, 0,
FE L RGA AR, B 5 Sz BB T ) R A R K
Bk Gash Cedihy 160 v/min) §35 , JFIR TN,
o —E I TA] BB TR HRFE 3 000 v/ min (%638 F 2
4385 15 min, B ELLJE 1 L IERGETT 08T o
1.3 SWAE

(1) COD R T iBt %% P il 00 5 5 600 B85 SR T A
REAEEL I E

(2) A3t o R b1 365 R A A PR
AP N oy e 6 BT X B U W A AL IS R K A I
#/Na,S, 0, A F A0 B K AT 73 A, 525
JIT P KRR BB R AT — 22 I A5 B0k B . I K AE
190 ~500 nm 43 B4, [MIFEA 1 nm, S8
B Je AR S T HEA T s
2 #BR5
2.1 SUFIREREMELIROZME

PR IR VK R pH =4, OB [] Sy

12 ho ASR]E AR TR o B T 1 AL RCR an ] 1
7R o

70

60 2
&0
= 40
¥
&30

20 i

SRR /(5 - L)
1—COD R 2— @B KRR

Bl TREANARERETHALER

S,057 J& SO, - AR B B ok I, A AL
Na,S, 04 IIEIEIE B U8R E LK T T5 5y
JREBRBCRIEZ PR, A 1 al LUA H, E A
JRHE Y X S A RCR A BRI e SR B
Wit SR e R 3, AR RIOR A — E RS
EA/NER ETEe fER AT Na,S,04 e #
1 ¢/L I, COD 5@ LBRAR T35 N 5% 15 45% ;
1117 24 %A 5] Na,S,04 R W E N 4 /L i), COD 5
GBI LBRF N 15% 5 58% ; i A A i e 12
ARSI, SE AL BOR AN PR MR BT 763 IR
BT, #/Na,S, 05 AR AL SO, - [ H XS 42 1Y

FBRBCRE T X COD By LBRa R, X FEEH T
SO, + H H E %15 e ) i v i & W) ot i S itk AT
HEHL,

S R FH H 2 RS UE A Ak HE K K S B
2K K COD 7E 1 000 ~ 1 400 mg/L B, HF
LU AEH 8 Na,S,0, MBI ZEET 4 o/L A
BEONTEH o
2.2 EREMNELMRAZE

M REAR R 1 ANEREEE R, #E R
FETF R RERE RGN B 3L 575 e R RS H5R
P LBRRCFE . W AKPIEG D pH =4.0, %4
13 Na,S, 04 i B 0y 4 ¢/ L, e BLIF[A] 2 12 h,
B U AE AL R K AEA IR EE T A Ak Ak BEASCR an 4] 2

s o
100
90 22
. 80
;:{- 70
X 60 /\1<

30 40 50 60 70 80
RPLREE/C
1—COD J B . 2— i L BRoR
K2 FRIEETHAMER

B 2 AR AN AR BE T 9 COD 23Rk Z AN

O BRI E 2 B R M . TEAH A%
2N, A A T RIS DR AR AL R K S Y )
B AR, MRy 4.0 /L, IR T
COD £ R A F0 5 2 25 B R d5cmy HREIA F] 20% F1
55% 5 SRR EE T 5 3] 45°C , XL COD Z:BR
RN J5 B %A F] 34% F 90. 0% , COD EFRFH
TR BRI T 14% F135% . SRR
TR E] 60°C, £ 4.0 /L Y258, COD %
RN L L BR R 51 5 ) 65% F1 100% %5
XF Il T AR AL ROR , COD L BRF4d m T 45%
g KRB T 45% o 76N E R 80°C i,
COD By EBRBCRA/IMER T B, X FEE il T
IR E ST, A R & I—O0—O0—MT R A4
SO, +,S0, - Z [ KR KRN, T3 53 SO, - Tt
ROHFE , AMACR 2 IS S, Ah, 7 23R
R AT R B iR R AR AL R K AR 3L, 4/ Na, S, 0,
WRAE B E MW AROCR, 76 SOV R B 60°C i1,
TESAAFI W E D 2.0 o/L BYZ&0F R, A AL
KT SEABEY], AR R BRA 100% , 24 R K &
T BRI, Na, S, 0 H i A e —O0—O0— A figfz




134 - A AL T

Sy, A SO, - i B/ AN RE BT ) K A
BB IR PSR 25 R R R IR F
BRI, Na, S, 04 H i H HE—O0—O0—L /[ &
Ty PR W 2R, 0o B IR A S BB R TR A AR Y
SO, -+, BEBGE JEI A AL R /K FP 1475 e ) o il AT 3%
WEfifp , AESE IR 3R (O BE ORI E 25 Bk, COD
2.3 pHX&EUMRAIFI

TEFET PG SRR £ A2 SO, - AL Rt &
IEHUEAL R KA pH R EZ RS, 1
TR S A7) o e B A S R R, AN pHL R i
BRLFR R 1L 3 32 i 8 2B A e /K 1y Ak BRASCR ] 3
B7R o

100}
90t
S 80f

& 70f D“\\\/ZA
& 6o}
%’1
Sor /\/l‘
40t

30

1—COD R 2— (G KRR
3 FFE pH &8 THaLKE

Hi 18 3 "I LAE K90 hs pH X /3 5 Rk
T Z A AR 05 0B TR A= Ak FE 7K ) Ak B AR 52 )
Fo COD M KBRS pH AR e ig mm
J& TR AFE—ANIE B pH JE [, WEE COD £ R
R ATA, COD B R AR LI BE i 3h 35% , 3% i
B pH XF 475 £ Na,S,04 74 SO, - 21 1 3% . 24
pH 2 2 5, COD Z:BRFAN 45% , X BEH LIk pH
SIS IR IR SR RTE T E ARG pH KA
HEE T S,05 #iKmAIELAL SO, -, KAy SO, -
FEAEAK b S AEL ] A AR K SO, B Bt R AR
AR R KIEERAT " o 1R R pH Hms 3 ~
4 Ju B, COD 1 23 BRACR I 48 i , 35 3] 60% L)
B, 24 pH I 6 Z 5 B pH 4EZERE I, COD £ER
R PR R B2 1R B, d5c R T BRI B2 AR 20% L
Fo MAERZR pH B3 2 ~ 4 JEFIN, 65 KRR
KB 95% FL 2 W iy, (A EEA LB M e e pH 1Y
BR, OB EHRL, N ERAT LIS 458 &
pH [FIFE S A AR R BOEAL, X F 2R FAE T
FER Y pH $R5E SO, - 5Kk OH ™ & A 4
T :SO, « + OH™——-O0H +SO; ™, A= % - OH,, Tfij
- OH TEBH PR #0455 48 A A S L IR T SO, -, B
(R A A R 1 S A D i A T R AR, S TE A DL

EITBEE1H

fORE S R IE ™ s @Kk pH 38 OB 38 in 1% 7K B
TR T F H13ES CO3™ F1 HCO; B &I
HIHELT , R RS AL % . L, P pH AT
BUEBULEAL K 5 e W R A 226k o Shen™™ 1%
FAPTEA IS B R $h B — A i AF s, AR R T
e ML ES T
2.4 REEEXSAR I

TEWRLEE R 60°C , JRAK KA B WI4h pH ol 4, 326
RN T i e FBE R 4. 0 g/ L i, 25 5% s g B[] X 4804k
BRI, AN 4 FTR o

100}
90
80

70 1
60
50r

A0—3—6 ¢ 10 12 14 16
SRR/ h

1—COD KB 2— i KR
4 KB A E XA R B

HE 4 ] LA H, COD R A L RRY
it 5 52 7 e [) P B S s T g T S TR« R
NESFTE] 2 4 h, COD 2 B 28 0 €8 B 25 R 3R 43 )
45% F1 60% 5 >4 Kz W i [A] ZE 4K 28 12 h, COD £ %
IKE] 63% , (085 BRFIRF T 100% ;11 f5 4k 2L 1T
SONEEE], COD 25 B 3 F 8 FE BR80T RE
XU, X T HUE AL Na,S,04 774 SO, - S AL 5
BE AL KA W12 h 5 COD 2 i Rl {2 i 5
FRABEA PRI | SN 921, 3 =2 P J 1 i
: DN P Na, S, 0, IFEIN T E Y SO, - 11
P R A R A A SO, - AR TR K AR
COD 5 (iR fftiest, 3] 1 12 h 5, K& SO, -3k
R TS A MU I AR, (545 SO, - W B2 KIREE TN
K&, DT 4800 1A 2R B A BB 1 KK 55 , R 3K COD
HEEEREAT R ET S QX TR A 2
IKIE AL 52 2R K, e A A LA (DOM)
I3 NG ACRXES AL PSS, SN ) A Bl G K i o i
AL BE LBk, COD Fil€a B 2 PR R B &, Pl
BFRIAHERS , 2 0 Ak A BILA) vk B 1818 T B L &2 50
R, MES AP L E M Z -, R R
COD 57 L BRop il s 28 9 2 TV 2%
2.5 S|UHIFKELIMED T

BB AL 7K 5 $4/Na, S, O 4 5 Ak B H3 7K
HEHMERE AN E S B o

LR 1%




2017F 1B XEZTF:F/Na,S, 0 MR ZREEKOSEULIK SINRERFFIEHASR - 135 -

2.5
2.0t
1.5¢

g 2
1.0

=

0.5¢

0.
150 200 250 300 350 400 450
Pk /nm

1B U PR K 52— A0 A B K
BS5  FRRKTRARRAE

Hi[& S A LI, K FE AR K 200 ~ 400 nm
AR ST DX AT IR, T A AT DL 3 DX I Wi 3
TE, HREA LY (DOM) ) 55N K AR
AHYEE AT A AL B B A G, 78 58 HP X 5 3
I G BE T A 7R HAT 508 18 55 A PR AN 0 152 Ak
FERE . Z25d #8/Na,S, 0 1R F AL B 19 H K K FEAE
FIREA P T OL B B 3R T B I ALK, U
B 2830 #/ Na, S, Oy 1A AL 1)K FE R o3 7 201k
REREFITT FAEB BRI T BB AR LR K
HIRI T A BB/ Na, S, 05 1R R A B SO, - A
RN T AP 2= HE™ Ll CO, F1 H,0,

PR 254 nm 55 280 nm AT (Eos, 5
Ey ) W RALKEE B B AT HLY) 00 57 e P fE
U LMK, 55 A A AR R, UK KRR
E,o Fl ELg 43 5 0. 067 F1 0. 056, 2835 #4/Na, S, 0,
PR ARG | HKOKFE Eysy I Eopgg B 220 00 X3
I3/ Na, S, 0y 1A Z8 AT A SRR R S22 KT T A LY,
BHEBFERB IR K AP0 71 B R 2R
JE o Eysy/ Enos FUIE AT S BT7 7 B 1 HOPUSE 1) b 28
WO L, i FU(E I s U UBE o B ik Rk
MBS, IR FE 2 n 07 & 30 UL LU
Wit £ KEEZ B Na,S, 0 R R AL B, B/
Enos EME AN 0. 124 [ 2 57080, ST KRE Fpo HILAD
SERPR B IRAR , J5 B A AR FE R ARG, SR AR RO 2
Eqso/ Exes WH S KIR AL TR BE LA O R, B
B K Eys0/Eys =6.7 >0, RHBUEWR P EES
A8 B, & A BHRERHEEAN S 2
Na,S, 04 1 Z AL PG B UE UKL Eso/ Eres (HE
R, FE B I BN T BB IR Easo/ E s K KAE , X
FEOR i TP E A KA 2 LU R T, R
T B E SRR A A B N T LR

3 #ig
T 1 F PAY B2 e L pHL R R AL R

4y, 7 pH =4, KNI [E] ¢ =12 h @& T =60°C,
Na,S,04 B E N 4 ¢/L if, COD KRR 50K
(8 BRI 0 63% 55 100% .

SANGIE AT AT 2258 $4/Na, S, O 1 F 4 P
Ja  IKEE R SR 2R AR B AN A 1 S AR, KR
Hh B LR S W TR R 4 AL 25 B, TRl I HL AR L 15
BT A RIREAR A DTS SRR BRI AR

S 30k

(1] AN, 2200 X R R EETTVE - AR N A AL Ab BB 305
PRI SEIRWFE )] AKAEBEER ,2015,41(1) 70 - 72.

(2] D458, B —ik, R, 55 I AO 1A T A AL H b R B U W
RGNS AL )] KA PRI 2015, (9) :95 - 101.

[3] Wei L,Zhu L,Nan W et al. Efficient removal of organic pollutants
with magnetic Nano scaled BiFeO; as a reusable heterogeneous fen-
ton-like catalyst[ J]. Environmental Science & Technology,2010,
44(5) :1786 —1791.

[4] Wang N,Zhu L, Lei M, et al. Ligand-induced drastic enhancement
of catalytic activity of nano-BiFeO; for oxidative degradation of bis-
phenol A[J]. Acs Catalysis,2011,1(10) ;1193 —1202.

[5] Xin Z,Royer S,Hui Z et al. Mesoporous silica iron-doped as stable
and efficient heterogeneous catalyst for the degradation of C. I. Acid
Orange 7 using sono-photo-Fenton process[ J]. Separation & Purifi-
cation,2015,34(4) :685 - 691.

[6] Gao Y,Gao N,Deng Y et al. Ultraviolet (UV) light-activated per-
sulfate oxidation of sulfamethazine in water[ J]. Chemical Engineer-
ing Journal ,2012,195 ;248 - 253.

[7] Lee Y C,Lo S L, Chiueh P T, et al. Microwave hydrothermal decom-
position of per luorooctanoic acid in water by iron-activated persul-
fate oxidation[ J ]. Water Research,2010,44(3) .886 —892.

[8] Waldemer R H, Tratnyek P G,And R L J, et al. Oxidation of chlori-
nated ethenes by heat-activated persulfate ; Kinetics and products
[J]. Environmental Science & Technology,2007 ,41 (3) ;1010 -
1015.

[9] Liu T,Tsang D C W, Lol M C. Chromium ( VI) reduction kinetics
by zero-valent iron in moderately hard water with humic acid: Iron
dissolution and humic acid adsorption[ J]. Environmental Science
and Technology,2008 ,42(6) :2092 -2098.

[10] Li B Z,Li L,Lin K F et al. Removal of 1,1,1-trichloroethane from
aqueous solution by a sono-activated persulfate process[ J]. Ultrao-
nics Sonochemistry,2013,20(3) ;855 —863.

[11] Liang C,Huang C F,Chen Y J. Potential for activated persulfate
degradation of BTEX contamination[ J]. Water Research,2008,42
(15) :4091 -4100.

[12] K546, A0, k8 R, 5. Fe (11) /K, 8,05 XK As(TI1)
SEALBEFEL )] BREERLE 540K, 2007 ,30(11) 241 - 43.

[13] Li S X, Dong W, Naiki M, et al. Degradation of diphenylamine by
persulfate ; Performance optimization , kinetics and mechanism[ J].
Journal of Hazardous Materials,2009,164(1) :26 —31.

[14] He P J,Xue J F,Shao L. M, et al. Dissolved organic matter ( DOM)
in recycled leachate of bioreactor landfill [ J ]. Water Research,

2006,40(7) ;1465 -1473. W



