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Application research of degradation of tetracycline on sewage sludge derived magnetic carbon

ZHANG Zhi-xu'*, LUO Lin", XU Zhen—cheng'*
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Abstract: With the increasing concern of the rapid production and disposal of sewage sludge, the need to develop more environmental -
friendly and high value—added benign re—use of sewage is of particular importance.In this study, sewage sludge derived magnetic carbon was
fabricated and used as a novel catalyst for catalytic oxidation of Tetracycline (TC) in the presence of persulfate (PS). The results showed
that magnetic porous carbon( MPC ) exhibited superior catalytic activity to activate persulfate and generate more powerful reactive oxygen
species(ROS), such as sulfate radicals and hydroxyl radical. 89% and 70.5% of TC and TOC removal efficiency can be achieved after 270
min’s degradation when initial pH was 10.0. The results obtained by degradation kinetics of TC in different initial pH indicated that the
degradation was pH-dependent and easily happened in alkaline environement.
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Table 1 BET surface and chemical composition of as—prepared catalyst

e Spe/m?eg™! VyiewmLeg? Vi /mL-g™ C*(wt.%) 0*(wt.%) Si(wt.% ) Al*(wt.% ) Fe"(wt.%) pH,..
MPC 378 0.078 0.410 30.3 15.3 15.9 10.5 16.7 8.6
SC 56 — 0.051 34.1 18.7 16.5 9.7 19.6 54
HSC 450 0.107 0.615 68 4.3 0.40 0.2 0.7 6.2
Fe;0,~MNPs 67 0.004 0.196 — — — — — 7.3

a4 EATIIE ;b 45 XRF JIIE



2017 £ 4 H

SRR, S5 ETETS Ve HAE DU PR R B v (4 IS

779

®a-Fe,0; & F[H V¥ Si0,
NEF¥a % Fe;0,
PESASG  WheC
I R ® a-Fe

W
AL W
»W R

eV e
®
1 | SC
lA‘wW vP i I
“ww\wwnm
. ] . 1
0 30 40 50 60

70

ﬁfg/a.u.

2
26/(°)

1 =#i5R&E XRD RAE
Figure 1 XRD patterns of the as—prepared samples
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Figure 4 Degradation kinetics of TC in different reaction systems
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Figure 5 TOC removal in different reaction systems
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Figure 6 Effect of MPC load on degradation kinetics of TC

....................................

0 30 60 90 120 150 180 210 240 270 300

t/min
HEPEF 13K : 1 g+ L5 Cos = 20 mmol - L
Catalyst load: 1 g+ L™"; Cps = 20 mmol - L™
B 7 #2gs pH Xt UIREEMHE RN S F R R0
Figure 7 Effect of initial pH on degradation of TC

F(-OH 53 SO0; - )My 5 5 & e mi [ 3%
U T B K SE . F5 R T TBA Al EtOH
PRI 2REE, 23 HE pH S 1 pH 10 f K2 B b
IMA IR A AL A . AR R ET 1235 B - OH Al SO; -
i 28 B0 R [ 36 1, TBA. (14 52 17 TR 3 $ ok (4.0~
9.1)x10° mol™ s F1(3.8~7.6)x10% mol™+s™',EtOH [
TS0 R R (1.6~7.7 )x 107 mol ™+ s F1(1.2~2.8)x
10° mol™+s™', [H i, EtOH ] LLARIE BRMIFN A fh S
TBA F 2 ARG BRI A B 2™, & 8, A 100
mmol - L™ TBA F EtOH, 7E&2 47 pH &7 10 B PUFA K [
BRI 9 N 89%AN132% , 2 bf pH g 7 IR R 1
WA R 49%F137% , 6B pH=T7 I Az il 5L
H 28 - OH A1 SO+, 1 pH=10 Bf =4 il 352 [
i35k - OH, {f i TBA J5 R T A i 2% .

M T ZE AT DU SO R R BT
Ha5E MPC [HREFR R SRR B 15 e s Ak mT LA
JE =0 FM-COOH, Efi1& MPC A FRAb KL 1) 3




SR, 4 - TS e ST DUFR Z I o 9 R T A 5 781

BRI, SCHERHGE R LA A1 5 B AL A 25 ) O
A= R 2SN, R I DU BR K AE MPC R TR 5 T 5 R 3
DA R (B 9) . BT Si0, J& MPC H Y B 2240 AU
43, S:05 A LU I U2 -5 4800 28 iU ik SeUe A I
MHTE Si0, I, #E—H80n S,05 78 MPC R [ vk
M IN Fe( 11 )5 R B ARTS QP 4a e,

LI
1LO%.

1 Y
08} L

-+ TBA(pH7)
- EtOH(pH7)
- TBA(pH10)

. O -.‘_::E...____. - EIOH(pH10)
S 0.7} - T BT R
~ I ", | el T
g —
0.6} -
T -
O'Si w_ o o
0.4} L
| T
0.3 * =
JioJ) SSSEIRN NS NP N S 1 L
0 0 30 60 90 120 150 180 210 240 270 300
t/min

FEALFI 2 : 1 g+ L5 Cs = 20 mmol - L
Catalyst load: 1 g+ L™'; Cx=20 mmol - L™
B 8 PWIRFETE MPC/PS L ik F Fh P& RS 15
Figure 8 Degradation kinetics of TC in MPC/PS combined

catalytic systems

MPC

B9 MPC/PS A& T TC A& SALHLHI T &
Figure 9 Schematic diagram of the proposed oxidation mechanism

of TC degradation in MPC/PS system

3 it

(1)MPC SC HSC #P 1] LA by i Ak 550 ok pu 24
RIFEAR (0 T A5 R RIS R AL R

(2)MPC A] DL 2 PS (143 £k B F VU 34 2 119 B
fi#, 5 HSC .Fe;0,~MNPs F1 SC #H ., 7F PSfEE T,
MPC HA LS A AEAb P BE , PTRE R T MPC i HA
LIE i) e YL

(3) UK AE MPC/PS R R AL T IR FR SR S
Tl pH A 56, PS B AL I g fin 5 & Rk 78 MPC I
e T B ZRIREE AT, ITFE T - OH F1 S0; - 1)

Tl
S

[1] Ahmad M, Rajapaksha A U, Lim J E, et al. Biochar as a sorbent for con—
taminant management in soil and water: A review[J]. Chemosphere, 2014,
99:19-33.

2122 B E WA 3%, A TS YR IS i MR R £ o 2 TR A
REWFTEHE LT, 1k T3, 2010, 29(8) : 1562-1566.

JIANG Wei, YAN Bo, LI Fen, et al. Progress in preparation and deodor—
ization performance of sewage sludge adsorbent[]]. Chemical Indus—
try and Engineering Progress, 2010, 29(8) : 1562-1566.

B14% Wb A i, RIEE, S TR AR A RS AT 15 P S e M o

ORI S AEREL)]. 1K H R, 2013, 32(2):61-66.
GU Lin, ZHOU Pin, YUAN Hai—ping, et al. Mechanism and performance
of preparation of compositional straw —sludge based activated carbon
with different chemical activators[J]. Water Purification Technology,
2013, 32(2):61-66.

[4] Ahmad M, Teel A L, Watts R J. Mechanism of persulfate activation by
phenols|[J]. Environmental Science & Technology, 2013, 47(11 ), 5864—
5871.

[5] Gu L, Zhu N W, Zhou P. Preparation of sludge derived magnetic porous
carbon and their application in Fenton-like degradation of 1-diazo-2-
naphthol-4—sulfonic acid[]]. Bioresource Technology, 2012, 118:638-
642.

[6] Hadi P, Xu M, Ning C, et al. A critical review on preparation, character—
ization and utilization of sludge—derived activated carbons for wastewa—
ter treatment[J]. Chemical Engineering Journal, 2015, 260: 895-906.

[7] Hou B L, Han H J, Zhuang H F, et al. A novel integration of three—di-
mensional electro—Fenton and biological activated carbon and its appli—
cation in the advanced treatment of biologically pretreated Lurgi coal
gasification waste water]]J]. Bioresource Technology, 2015, 196:721-725.

[8] Gu L, Zhu N W, Guo H Q, et al. Adsorption and Fenton—like degradation
of naphthalene dye intermediate on sewage sludge derived porous car—
bon[J]. Journal of Hazardous Materials, 2013, 246/247 :145-153.

[9] Wen G, Pan Z H, Ma ], et al. Reuse of sewage sludge as a catalyst in o—
zonation—efficiency for the removal of oxalic acid and the control of bro—
mate formation[J]. Journal of Hazardous Materials, 2012, 239/240 .
381-388.

[10] Wurz A, Kuchta K, Onay T T. Review on municipal sewage sludge
management in Turkey and Europe[]]. International Journal of Global
Warming, 2011, 3(1/2):116-128.

[11] Lei Y, Chen C S, Tu Y J, et al. Heterogeneous degradation of organic
pollutants by persulfate activated by CuO—-Fe;0,: Mechanism, stability,
effects of pH and bicarbonate ions|J]. Environmental Science & Tech—
nology, 2015, 49(11):6838-6845.

[12] Feng M B, Qu R J, Zhang X L, et al. Degradation of flumequine in
aqueous solution by persulfate activated with common methods and
polyhydroquinone —coated magnetite/multi —walled carbon nanotubes
catalysts[J]. Water Research, 2015, 85.1-10.

[13] Marques R, Stiiber F, Smith K, et al. Sewage sludge based catalysts for

catalytic wet air oxidation of phenol: Preparation, characterisation and



782 VeQlE7N=FRE-t= 2l 55 36 &5 4 HA

catalytic performance[]]. Applied Catalysis B: Environmental, 2011, [16] Yu Y, Wei H, Yu L, et al. Surface modification of sewage sludge de —

101(3): 306-316. rived carbonaceous catalyst for m—cresol catalytic wet peroxide oxida—
[14] Nie M H, Yang Y, Zhang Z ], et al. Degradation of chloramphenicol by tion and degradation mechanism [J]. RSC Advances, 2015, 5(52):

thermally activated persulfate in aqueous solution[J]. Chemical Engi— 41867-41876.

neering Journal, 2014, 246 :373-382. [17] Yuan S J, Dai X H. Facile synthesis of sewage sludge—derived meso—
[15] Tu Y, Xiong Y, Descorme C, et al. Heterogeneous photo—Fenton oxida— porous material as an efficient and stable heterogeneous catalyst for

tion of Acid Orange I over iron—sewage sludge derived carbon under photo —Fenton reaction [J]. Applied Catalysis B : Environmental,

visible irradiation[J]. Journal of Chemical Technology and Biotech— 2014, 154/155:252-258.

nology, 2014, 89(4):544-551.

— .
B e T e e i e e i i S e e e e e S L A
= 'l

INEEYFIRS N
RIORZR Y- BRI S5
A4S ARSI PR Al AR AR AE IR R S LA T3 A, A M MRS S 49

Pt — DI AW TR R SUS R BB AE S, (AR R AR I SRR S R I 22K IRE AR £

FEEOR I IR A B ISOT AR RIS A7 Bl T4 I S M) R AR P B DR R [ R

ERARBF SR EAMB

WREYER
SR

FRR DR 30E

X 1455-.9787122272454 ¥E  #r:78.07T
XIFA .16 ¥R H #2017 4E 2 A

ERABBS S MR W AM B ﬂKiﬁiﬁ%E*ﬁ%ﬁ%E

I*F:'EZ* g g whEH ARXL R 3 G
?%;EW@E RBRGNG T B R SRR, & IR TR R RE . A

53 6 55, 0 IR TIPS QMR RIS R IR LI B B A LA 5 LY 95 ey S A TR
A AR BRI S M R T LA SR 0] PRI T T (R 5 AEL 175 SR BRI ) 1 AL DI RE 5 AL X095 e
RTINS V) BRI SR BRI LT S 091) 5 R X RIS 175 e ) M S5 PN

42, 9787122265258 E #r:85.00T
XA 16 M H #:2017 4 1 A

I I B B S A O i e B B mta mtt T o

INFEEZEBI5 8, 1% 7% www.cip.com.cn JIR 45 H1.3% . 010-64518888 , 64518800 (45 H0y )
PR I AT S A2 Tl B R AR AR < hitp://hxgycbs.tmall.com
MR L : (10001 DAL T -3 IX AW 7 13 5 k2 Tolk e bkE U MO, T S 40 4 2, BE R LG : 010-64519525



