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Characteristics and Heavy Metal Adsorption Performance of Sewage Sludge-

derived Biochar from Co-pyrolysis with Transition Metals

CHEN Tan"?, ZHOU Ze-yu>’, MENG Rui-hong’, LIU Yan-ting", WANG Hong-tao’" , LU Wen-jing’, JIN
Jun', LIU Ying'

(1. College of Life and Environmental Sciences, Minzu University of China, Beijing 100081, China; 2. School of Environment,
Tsinghua University, Beijing 100084, China; 3. National Center for Climate Change Strategy and International Cooperation, Beijing
100038, China)

Abstract: To enhance the heavy metal cation adsorption capacity of sewage sludge-derived biochar in an aqueous medium with a high
concentration of Ca>* , modified biochars were obtained from co-pyrolysis of sewage sludge and transition metal oxides (with a sewage
sludge® transition metal mass ratio of 10:1), such as Fe,O,, MnO,, and ZnO. The properties of the modified biochars were
characterized, and the Cd** adsorption effect of the modified biochars was determined as well. The H/C atom ratios of the modified
biochars were all lower than 0. 31, indicating that the transition metal oxides catalyzed the decomposition and volatilization of organic
matter in sewage sludge. The majority of the added Fe and Mn remained in the modified biochars, and existed as a simple substance
and oxide, respectively; while significant loss of Zn occurred. The pores of the modified biochars were mainly mesopores with an
average pore size of approximately 3. 8 nm, and the specific surface area of the modified biochars was larger than 50 m* g ~'. When the
initial Cd** concentration was increased from O mg-L ™" to approximately 200 mg-L ™", the Cd** adsorption capacity of the Fe-modified
biochar declined from 43.17 mg-g™" to 27.88 mg-g™', which was still higher than that of the unmodified biochar by at least 10
mg-g~'. In aqueous media with a high concentration of Ca’* , the Fe-modified biochar showed better Cd** adsorption performance
thus, compared to MnO, and ZnO, Fe, O, was the best choice to enhance the heavy metal adsorption performance of the sewage sludge-
derived biochar.

Key words:sewage sludge; biochar; transition metal oxides; adsorption; heavy metal
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Table 1  Element contents of transition metal oxide-modified biochars

i TLERER/ % JET
C H 0 N C+H+O0+N H/C 0/C (0+N)/C
BC900@ 3Fe 11.438 £2.386  0.290 +0.024  1.603 +£0.527  0.420 £0. 039 13.75 0.304 0. 105 0.137
BC900@ 3Mn 12.499 £2.537  0.271 £0.055  2.676 £0.578  0.444 +0.094 15. 89 0. 260 0. 161 0. 191
BC900@ 37Zn 9.372 +0.501  0.209 +0.014 0 0.333 +0.023 9.91 0.268 0 0. 030
BC900 12.500 +0. 880  0.488 +0.049  4.204 +0.065  0.614 0. 053 17. 81 0. 469 0.252 0.294
®2 TETEESREMMREENRHEBAHE(TRSE) " /%
Table 2 Transition metal loading contents of transition metal oxide-modified biochars/%
WiH Fe Mn Zn
MR e ISEE S I ISEE S B
BC900 3.34 2.55 0.071 nd 0. 039 nd
BC900@ 3Fe 14.22 2.30 0.076 nd 0. 060 nd
BC900@ 3Mn 2.26 2.37 9.50 1.95 0.010 0.29
BC900@ 37Zn 3.01 1.04 0.061 nd 3.02 1.96
1) nd TR A H
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Fig. 1 FT-IR spectra of the transition metal oxide-modified biochars
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Fig. 2 XRD spectra of the transition metal oxide-modified biochars
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Fig. 3 N, adsorption-desorption characteristic curves of the transition metal oxide-modified biochars
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Table 3 Microstructural properties of the transition metal oxide-modified biochars

SRERY BC900@ 3Fe BC900@ 3Mn BC900@ 3Zn BC900
BET HE M A/ m? g ! 51.33 57.43 52.74 47.79
L/ nm 3. 809 3. 826 3.822 3.832
LA/ em®-g™! 0.094 31 0.116 8 0.1205 0. 095 05

1) fL4%  #R4E Barrett-Joyner-Halenda ( BJH ) B A BHECHE 1194 FLAS ARYE pepy ~' =0. 99 At 480 W Bk A4 ¥4 B8R A 0 52



1846 ®

B 40 %

2.5 MHEEYRESSERDPYESEBE T
Cd** B BRI

FIIRESE 2B, 78 Cd>* B b A7 78 (% A 2
o TG PR SE AR W R Cd® T A W B R S A T
AR SRR R, AREESR
SEAL P CPE A ) et B 4 R PR S T Cd® T I
B RCRUNE 4 Fis. BEE AT Ca®* B LA R I 3
T, A W e v W B S A A TR B, R R
FEEE BCO0O /)N, it W e M A= ) e 0 4% P e A T 42
&, LA Fe, Oy BOPE B A4 e B8 v M B2 e {4, ZnO 2
PERIE IR, MnO, BOVE R AR ) 5RO FEIR.

BCI00@ 3Fe Xf Cd** YL FfI 25 HEAE Ca®* WIURK
JEH9 0 ~200 mg- L~ (UTEIEI I 43. 17 mg-g ™' FF&
F7 27.88 mg-g ™", {AIH BCI0O 7 Ca’* ] UV
JEZ) 200 mg L™ B & & T 10 mg-g™' LA b DL
BC900 7E Ca’ * WA E 0 mg- L~ I A W BfF 25 >
FeAE ) Ca®* WITAHRFEZ) 200 mg-L ™' HF, BCI0O FML
B 75 B R R T 52.60% , {HILHT 900@ 3Fe AYZFREE

AP AR 7 B E A 80% /K[ WKl 4 (a) AT 4
(b)]. BCO00@ 3Zn MIHLE5F I 5 BCI0O @ 3Fe AH
B, SRALZCRIRAL. BCO00@ 3Mn 7E Ca®* W) 4R Mk JiF
A F 100 mg- L~ KB, W25 55 BC900
Y, HALE Ca®* IR M EEAR &5 (29 200 mg-L™")
4% BC900 A JI #2 /&, ik %] BCI00 @ 3Zn 1Y
IR

T 6 3 A ) o ) B 4 T P 5 114 = B
B A4S . QO A W ¢ b 1 25 85 1k 0 5 fiff 945 W pH
ETF s, o AR 4w AE A e 3 1 R R Ui vE s @4
PIHEETR P Al s Ca® 5 HEEJRHE 72
el B4 (o) P 4(d) Bm T B i R e kb
AW HGIEAY pH Al Ca " W ASRIE B, Btk B9
5 BCOOO TEIX WG J7 T BRZALL, 1 A i A3 v
& @ AR, ARG pH 2% vhiE s A+
& IE PR TRARE A K, MR R etk A:
Yy e ok o 4 TR N BRI R P R R B AR 1 E 4
J@ M4 6} TTHR.

(a) Cd>* BYMERH 258, (b) ATGAS T BCOOO X Cd?* W B 7508 oAy Jo vl 4y W8 B 4 B U — AL A8 Al A 0L
() FHFRTE 7 W pH AL s (d) AR WY Ca®* ¥R %
B 0.2% , (25.0+1.0)°C, PR
4 AEEBELYHEEVRESHFERPINESE Cd** BIRMIEEE

Fig. 4 Heavy metal Cd** adsorption performance of the transition metal oxide-modified biochars in Ca®* -bearing solutions
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