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Effect of heating rate on activation of peroxymonosulfate

by sewage sludge-red mud char
ZHEN Zhilu', LTANG Lan?,SUN Guowen', LI Ning?
(1. Hebei Construction Group Co., Lid., Baoding 071000, China ;
2. School of Environmental Science & Engineering , Tianjin University , Tianjin 300350, China )

Abstract: Conversion of sewage sludge and red mud into catalysts is an effective strategy for resource utilization of
solid waste. The active sites play an important role in the generation of active oxidants. Additionally, the heating rate
can regulate the active site composition on the surface of the sewage sludge-red mud catalyst carbon-based catalysts
(RSDBC) , which affects the production of active oxidants in the peroxymonosulfate (PMS) system. It was found that
the degradation efficiency of sulfanilamide(SMX) could reach 99.6% within 120 min when PMS was activated using
RSDBC prepared at a temperature rise rate of 10 ‘C/min. The RSDBC was characterized by N, adsorption-
desorption, scanning electron microscopy (SEM) and X-ray photoelectron spectroscopy (XPS). Research found that
the specific surface area, Fe ( I ) , C=0, pyridinic N, and pyrrolic N contents increased as the heating rate in-
creased from 5 ‘C/min to 10 “C/min. Furthermore, the mechanistic investigation showed that Fe ( Il ) , C=0, pyri-
dinic N, and pyrrolic N could simultaneously promote the production of hydroxyl radicals ( -OH) , sulfate radicals
(S0,7) and single oxygen('0,) , facilitating the degradation of SMX. 'O, was the main active oxidant in the RSDBC-
10/PMS system.
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Table 1  The method for determination of
SMX concentration via HPLC

5[] /min W /(mLemin™") Al% B/%
0 0.5 75 25

1 0.5 75 25

10 0.5 30 70

15 0.5 30 70
15.1 0.5 75 25
20 0.5 75 25
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300 mmol/L) i 4k F£ 5 A B JE (- OH) #1 S0, , U T
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Fig. 1 XRD patterns of RSDBC under

different pyrolysis heating rates
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Fig. 2 Raman spectra of RSDBC under
different pyrolysis heating rates
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Table 2 The specific surface area and pore distribution
characteristics of RSDBC under different pyrolysis heating rates

FE i RER/ (m®g") BALERBY (em®- ¢ FHfLHE/mm

RSDBC-5 57.77 0.11 7.96
RSDBC-10 65.88 0.13 8.23
RSDBC-20 47.03 0.12 10.89

H % 2 0] A, Y il 5 % A5 °C/min 3 K 2
10 “C/min B, BT i 4 (4 A Ak 37 1L 2 1w BURTFLAR B4y
I 57.77 m* g F10.11 em*/g 34K % 65.88 m*/g F10.13
em’/g, F WG KT A0 T4 A W o (o AR
FEAEE Z ALY . SR, TR R Lk L T m R
20 “C/min B, Ho R AAUVRFLIABI /N, X Al g2 i T
3¢ 1o 118 P R R A A5 e W o s ) ) e e,
FUE R YA Z AR M) 1 FLBR A 2

SEM ] T 84347 4 Ak 77 B4 REURE 5 B2 R0 FL B KIS

B3 RSDBC-5.RSDBC-10#1RSDBC-20 /] SEM
Fig. 3 SEM images of RSDBC-5, RSDBC-10 and RSDBC-20
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Fig. 4 FTIR spectra of RSDBC under
different pyrolysis heating rates
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Fig. 5 XPS survey of RSDBC under different
pyrolysis heating rates and SDBC-10
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Table 3 Relative mass fraction of different elements in

RSDBC under different pyrolysis and SDBC-10

B /CH?% 0 Jity N Jity Fe J5-F
o8 % I3 E% 53 50% 5380 %
SDBC-10 51.15 40.45 4.28 4.12
RSDBC-5 51.93 41.46 2.92 3.69
RSDBC-10  44.60 46.68 4.00 4.70
RSDBC-20  50.30 42.83 2.65 422

i P 5.3 3 ] %0, A [ RSDBC 2% 1 ¥4 nf L AG:
i C.N.Fe O L% . RSDBC-5"# C.0 N .Fe L X1
T2 5053 59 M 51.93% 41.46% .2.92% .3.69% ., It
B TSR A G K, C IR B B N R R
H . SR, O N Fe J5 43 %5 bifi TH I 3 5 1) 1 K
MR A BEE AR TR L, RSDBC-10 1 Fe
FO JCE 1Y 543 B0 53 B 15 K % 4.70% F1 46.68%
X T AR B K Fe,0, X H A S ALY, & 1L
JEGIIAEZH FeMOTTE,

A 791 2% T T 7 A 2E A R T e R R R
WAL MERET . N T HE— 25 T fif RSDBC 3 1 1 1 4
LS EBL, AR SZE X C 1s N 1s Fl Fe 2p #E47 4301, IF:
T Ao R RPN TG AR T B 6 A R X BT A 4 A
ZERIFE 4FTR

x4 AEMMEFREZET RSDBCH
SDBC-10 # CiF AL S HE 3T R E 5 #

Table 4 Relative mass fraction of different C active sites

in RSDBC under different pyrolysis and SDBC-10

BR C—C/C=C C—N/C—0 C=0 Hx}

m A B 8% A R B % TR U %
SDBC-10 22.49 21.72 6.94
RSDBC-5 26.66 15.76 9.51
RSDBC-10 21.35 11.08 12.17
RSDBC-20 27.18 13.97 9.15

2401 H, C s BLE R 3 FEIEIE , 23 51k C=
C/C—C (284.7 eV) .C—N/C—O0(285.8 V) 1 C=0
(287.0 V)™, V5 I8 & B o Ufe i & 1) 44 Ak 75 v C—
C/C=C F1 C—N/C—O [ HH XF 53 1 53 B /N, i C=0
FERT T A0 B8 K o 76 TR AN R i) 3 e A Ak
FH C—C/C=CAHXS T it /- B AR X A i, C—N/C—0
W2, C=0 FX] 5T 2 43 B AR . I FLBE & A T+ iR

R A, C—C/C=C Fll C—N/C—0 FFA X} i 2 43
By 5 0N S R R . i SOk R E L, C=0
FE b B R R 16 Ak b & AR F Y Y A T R
FON 10 C/min B, C=0 § A7 X 5T 8 2 B s, ik
12.17% , 3 4 F T2 2k PMS 3% 4k 4 510, , 2 i A 4k
Wit it 5 e

N 1s HA 3AEAE I 43 5047 T 398.5 eV [ Ak I
2.399.9 eV HYILI% Z F1400.9 eV i 8™, YR
T A IEk E R0 L 0 R PT A Sy PMLS 35 Ak B8 A 2500 R Ao
S mE L M SR A B UM 6 T A B S
BN o

#5 AEHFEFIREZET RSDBCH SDBC-10 H

MR P IE R A B AN R B S

Table 5 Relative mass fraction of pyridinic N, pyrrolic N and
graphitic N in RSDBC under different pyrolysis and SDBC-10

B H&Eﬁfﬂﬁ ﬂ[:l:j'ﬁfffkfﬁﬁ EJEE_"EM‘EXT
By EU% B EU% TSN %
SDBC-10 1.46 0.36 2.46
RSDBC-5 0.74 0.29 1.87
RSDBC-10 1.41 0.80 1.76
RSDBC-20 0.72 0.35 1.58

FH 2% 5 AT, RSDBC 2 [H] (14 M IE 2 L Mg S0 RE X o
A R T IR RS B, Y A T IR R
5 °C/min T+ 2 10 ‘C/min i}, RSDBC 17 (1) M e Rt
W SRR B i 20 503 T 0.74% £110.29% 38K 2 1.41%
F10.80% . UkLEIE RIS FHIR 2K 22 20 °C/min, MERER
FINH I ZUAH X T 5 43 808 T R . b, A B2 R B AR XS
JoT et 43S TR R 5 A O, BB TR R A3
A1 BRI B R 43 8 1.87%(RSDBC-5) T &% 1.58%
(RSDBC-20). It4h, 5 SDBC-104H L ,RSDBC-10 &
T H 9 50RO Tt 43 5 J 38 K, A B R M E R
128 AN

Fe &i5 A meh R &R IG5, A
SE R 711.0 eV F1724.5 eV AL B IE53 51 1 5E N Fe 2p,,
FlFe 2p,,o Xt Fe 2p /0 I&J5 ,710.7 eV A1 7243 eV H
Fe( 1) {55 ,712.4 eVHI726.6 eV K Fe( ) {5%5,720.1 eV
M734.2 eV 433 R Fe( 1) fl Fe( M) DM, 48
T P AL A5 AFRT Bt 43 BN 3R 6 BT o

H 2 6 ] A, Fe( 11 ) 0y AH X T 2 43 %0l 1.29%
(SDBC-10) 3 K % 2.39% (RSDBC-10) , % W 7R Y () 52
AT 35 e 4 9 o i 1 Fe( T0) W& A . EAh,
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Fe( I )#A Fe( Il ) M4BT FRE 5 81
Table 6 Relative mass fraction of Fe( II ) and Fe( Il )
in RSDBC under different pyrolysis and SDBC-10

B Fe( @)*ﬁxiﬁﬁ;@' Fe (T ) AH X o i
58U % 53 81%
SDBC-10 1.29 1.77
RSDBC-5 1.22 2.37
RSDBC-10 2.39 1.89
RSDBC-20 1.86 2.03

Y AR F IR AR A, Jfiff A 0945 4 43 (4 CO \NH,)
ARG 5 2 0 B £, (4505 e — AR e & LA R o 2 11
Fe( )ik )5k Fe( 11 ), Kt RSDBC 21 Fe( 11 ) A X}
J5 5 43 8l 1.229% (RSDBC-5) 14 K % 2.39% ( RSDBC-
10)°7, SR, 2 TR Pt , 35 8 P9 3R 5 A Y i
FERR R, BN TR N I SRR e A e R
S V) K R A B Fe( D IR SR Fe( 1),
R, Y P THEE M 10 °C/min 3 K F) 20 °C/min i},
Fe( D) AIXHRT A0 FFH, Fe 1) AIX BT A0 R R
22 FHREEITR-FREKEELFFNLPMSH

31|

AN TR B4 i T R R T A B9 RSDBC 1 4k PMS
X SMX 1 25 BR &R 181 6 fir 7 .

I —— SDBC-10
1O F —— RSDBC-5
RSDBC-10
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[
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© 04t
|
02r !
|
0F |
1 1 1 1 1
20 0 20 40 60 80

160 1'20
I 8] /min
B 6 7A[EFiBiEZE T RSDBC #1 SDBC-10 &£ PMS B&fi# SMX

Fig. 6 SMX degradation by PMS activation with RSDBC
under different pyrolysis heating rates and SDBC-10

P P 6 1T, 7 W BB BE L 15 min P 3 g T
Tk 3 2% e 5 A Ak 7 38 35 W B OF-# . RSDBC-5 Xf
SMX A W5 BFF 25 B 0 18.1% . 4 {d I T i 3 K
10 “C/min 4 5 3 AR Ak 55 I, SMX ) 1 B 25 B 36 & 13k
BEK F 20.6% . SR, B G A 16 A5 0 T I R
$2& 755 22 20 “C/min, SMX 191 B 2 B 58080/ h 10.8%
PRI, 3 A T 500 X6 SMIX g W% o 2 s 3 Bt - 3 1k R

) B e S B S K5 /N Y B 3 5 AR R Lk
TR A8 b — B0, 3% W IR 08 5 5 ) ke A b
F b 2 T AR (SR AT ) 34 110 52 i JEG 182 0P8 i o

TEPMS IR Z v, 2oph PMS AL 7E 120 min N A 22
B 50.0% 1Y SMX . 44 Z rfofin AR B, SMX ) B
fi AR BB IF H 120 min UL G 4L PMS [ it
SMX f14: BE : RSDBC-10(99.6% ) >RSDBC-5(87.6% ) >
RSDBC-20(83.3%)

PMS .RSDBC-5/PMS .RSDBC-10/PMS #l RSDBC~
20/PMS 1A & H SMX 1) B fife 2y g 2 W L 7 B o

0
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—~ -2r
S 3 0.48 p2
£ ~[—spBC-10 %, TR0
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I e
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Fig. 7 pseudo-first-order kinetic constant in different

RSDBC/PMS systems and SDBC-10/PMS system

iy I8 7 AT %01, RSDBC—10/PMS 14 2 H SMX 4 % fit
Bl 1288 0L KT RSDBC-5/PMS F RSDBC-20/PMS
AZ ., P, RSDBC-10 F RSDBC-5F1 RSDBC-20 1
PR J PR AT REAE T A TR HL R 10 °C/min I 3
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Fig. 8 SMX degradation kinetics with different
quenchers in three PMS systems
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Table 7 The correlation coefficients between the active
oxidants and active sites on RSDBC surface under
different pyrolysis heating rates
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