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Mechanism of Cr( VI) Removal from Aqueous Solution Using Biochar Promoted

by Humic Acid

DING Wen-chuan"?, TIAN Xiu-mei'*, WANG Ding-yong' , ZENG Xiao-lan"”, XU Qian"*, CHEN Jian-kang'*,
Al Xiao-yu'"?

(1. College of Resources and Environment, Southwest University, Chongqing 400715, China; 2. Key Laboratory of Three Gorges
Reservoir Region’s Eco-Environment, Ministry of Education, Chongging University, Chongqing 400045, China)

Abstract: Biochar derived from excess sludge was used for hexavalent chromium[ Cr( VI) ] removal from water as a sorbent, and
impacts of co-existing humic acid on performance of Cr( VI) sorption onto biochar were studied. The experimental results indicated that
humic acid facilitated biochar adsorption of Cr( VI), which enhanced capacity of Cr sorption and shortened reaction time reaching
equilibrium remarkably. The sorption kinetic process could be described with the pseudo second order model. On the condition of
initial pH 4. 0, biochar concentration 20 g+L ™" initial concentration of Cr( VI) in the range of 50-800 mg-L"~", the Langmuir model
fitted adsorption isotherm better than the Freudlich model. The Langmuir Q° values of biochar with and without existing humic acid were
10. 10 mg+g™" and 5. 56 mg-g ™", respectively. In the pH range of 2. 0-8. 0, sorption capacity of all sorbents decreased with increasing
initial pH value. Ascending concentration of humic acid in solution promoted sorption capacity of biochar. Fourier transform infrared
spectroscopy ( FTIR) analysis showed that hydroxyl, carboxyl, ester, aromatic C—H stretch and ring C==C on the biochar were
responsible for Cr( VI) sorption. Combined with X-ray photoelectron spectroscopy ( XPS) analysis, mechanism of promoting Cr( VI)
sorption onto biochar was speculated that humic acid enhanced concentration of Cr( VI) ions aggregating on the surface of biochar and
benefited Cr( VI) adsorption coupled with subsequent reduction by biochar functional groups. Meanwhile, humic acid also increased
amount of Cr( VI) and Cr( I ) removal from aqueous solution.

Key words : biochar; hexavalent chromium; humic acid; adsorption; reduction; heavy metal ; sludge
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Table 1  Primary compositions of raw sludge (dry weight)

HILE/ % TN/g-kg ™! TP/g-kg ™! Cu/mg-kg ™!

Zn/mg-kg’l Cr/mg-kg"

Ph/mg-kg ™! Cd/mg-kg ™!

26.2 17. 46 3.77 79.59

188. 33 69. 93 45.29 0.21

1.2 AL H

Cr( VD) I £ FREL 110°C T4 2 h (9 F 4% R
B (K,Cr,0, 20 #r4li) 2. 829 o, FHAl KR E RS
1000 mL #& HI, % W Cr( VD) ¥R B2 25 2 1000
mg-L~".

JETEBR IR FRE 1 g JE AR (ko al, K
H) 71 000 mL B BEARH, A Zl7K7E 50°C 7K i
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TOC KR B FH IR R B
1.3 IR
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(B A0 22 (T A i
1.4 RS

W 7€ pH 4. 0, Cr( V) WL 200 mg- L~ 4544
T R o R 8 A e I R IR Sk e JE
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HCI 5 NaOH ff W 551 (9 5.0 4 v, 25°C R %% (200
remin~") S 24 h, SRS HHIR AT AE4 000 r+min '
TFEL 20 min, 0. 45 wm JEASEUE , T RE BV PR Cr
WREE  THELR .
1.5 Wz

Cr( VI) ¥ I 2 4 GB7467-87 , 2K 1] T6 4841

SR T (A A A R ) . S R
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Tt VR R I Cr /TS 204G TE % Nicolet
5DXC FT-IR { ( £ E FEBR KA R]) W2, 4594 i
400 ~4 000 cm ™', /3 PEFEN 4.0 em ™' EY IR R
Cr I 5E 5%l ESCALAB250 X 428 )t i 7 BE 3% 1%
(XPS, 2 [H Thermoal /A #]) , HASHE 2.0 x 10 ~® Pa.
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ATLLE ), 0 B R % A 9 0% 19 8 Cr T B 3 DA
87 BT S ] S S 2. 4 A i R i R S A
BF, SO0 180 min i B SEAS 3 31 08 B -4 , Lb B 2E
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Fig. 1 Effects of reaction time on total Cr sorption onto biochar
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Table 2 Kinetic models of Cr sorption onto biochar

WE— 2R3

e 2R Iy R

R b 5

q. K, qe K, R?
Wy B 2.184 0.027 0. 686 2.427 0.0123 0.999 *
B + HA 3.843 0. 002 0.111 3.831 0.068 5 0.999 *

1) = F/R 4586, P >0.05, F A

FE 2 AR A s K e B IR B R A 5
HEZ 2B 2 AL R AW ekt Cr WM EAEZ 2L
BRI %, Dobrowolski 28" 48 1t Cr M LR & T
Cr( VD) b | B2cH | 46 LA KRR DITE S
Z RO HILR] LA 2R B T S A g i A0 .
2.2 WIERCe( VD) VR EE R IR

TEAIRIE Cr (VD) WA R AE W ¢ + TR FH R
P Lp sk A ) e X Cr MR B R (AR 2). Y
Cr( VD) #IHGH N 50 mg-L "B, 5 & AYAL Cr W fft
HH1.84 mgeg' JFH B Cr WEHfFE 0.96 mg-g™';
17524 Cr( VD) #1462 2 800 mg- L', Hij & & Cr
W BFH IR F) 9. 03 mgeg ™', JEH N 4.48 mg-g~'.
K2 A& N S FE IR X Cr Y B B FH 48 55
(R <1.2 mg-g™") B[R —Cr( VI) ¥1 1R
WIETT LEW A + IR Y S Cr W e K TR W)

10
—— EYRHA
—o— MR
8- —&— HA
Tt.’b
on
E 6
I
=
o4l
O
T
2 [
O 1 | 1
0 200 400 600 800
Cr(VD) @I 4Kk J§ /mg L™

HA =20 mg-L~", pH=4.0, W] =24 h
B2 Cr(VI) #0387 Bt R i 2 1 5 i
Fig. 2 Effects of initial concentration of Cr( VI) on

Cr sorption onto different sorbents
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FRIZTH BRI RE R AT Y, HA T R X (3) 5
Freundlich # AR — AR AR AE 511K
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Langmuir FEARY .

o. 0K, T Q° )

Freundlich #E7Y .
lgg, = lgK; + L lge., (4)
n

A, g, WP R (mgg '), o, J2 P A
B v b B G R B R (mg- L7, Q0 RUR
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e, FAE M BE B (L-mg™'), K, Al 1/n &
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g 1 A R

ANTRI W BRI Cr F9 82 6 25 TR e 400 435 2R L 3R
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EAIRE" " S, AR A B + 8RR
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2.3 JEFHERU L I IR

MW R NG B R A Cr( VD) B = BRAEAE 2 AP ik
7, —JCr( V) 35 A 5 A 9 o R 6 30 T8 422 W I
TURAERRME SR Co( VD) B JE AL Cr (I
M3 AT LA R A G (VD fce (I
YLHACe( VD) 19 IR PIRR 25 BRa AR A7 e, b5 T 7l
PR LT, 6k Cry Ce( VD) FICe( D) MR T
Rast, (HJE MR EE MM 0.5 mg- L™ #2515 30.0

mg'L”HﬂL,%Wl*Cr( W)WEB%{EET 56. 4 mg-[fl s
Cr( ) We FEAL AR T 15.9 mg-L~", WARIEFI R
BEVESENT Cr( VL) A B2 B, 1% = Cre () D0 AT
FEAE 2 FAH S BLT] . OREFE RRE AL 3 Cr (VD) B3k
JE SO Cr(T) A 4580 1) W BV D T R o (S s R
T J5 R, QM FEERIN K Cr( VL) A4 JE S 0[] s %o
Cr( 1) M B RE 5. ok 2 R il 2 ml ffi i
W BRI Cr () MBS T RN 2218

R3 CrEEYRERMERELESH

Table 3 Langmuir and Freundlich isotherm parameters for Cr sorption onto biochar

Langmuir AL

Freundlich #57Y

15 iR L) B¢ . K, Ky 1/n R
HA 3.20 0.000 7 0.973 0.0039 0. 856 0.999 *
W 5.56 0. 006 1 0.999 * 0.1702 0.518 0. 961
Y% + HA 10. 10 0.0132 0.999 * 0. 666 3 0.423 0.970
_— 10 Cr,07" F1 HCrO, 5B 8 7B A7 7E, i pH |
e il (Y Th, BT O™ KSR AR T Cr077 (RN
3 OG0 |y WA 0 P O 4R A Cr (V)
E‘fé 120 16 8 W R RE R B B AN @ pH T R B 7
g ) 5 FRIA ) E e A A Al B, Ok o rL P BE AT, X R
80 - — 5 e \ N
g % W R Cr( VD) EHE = HEw; @ Cr( VD) iR 7R
£ ol ,zg Cr( M) 2R — AR MG pH PREE % 4 pH LTt
. SRR H B> 8 iR s Az B K 4
0 ! L

1 1
0 5 10 15 20 25 30
T BEL e i mg L™

Cr(VI) =200 mg-L~", pH=4.0, W iF[E] =24 h
B3 EHEBRENKER Cr ZBREZIE
Fig. 3 Effects of humic acid concentration on

speciation of Cr in solution
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