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Application of Goethite Modified Biochar for Arsenic Removal from Aqueous

Solution

ZHU Si-hang'?, ZHAO Jing-jing' , YIN Ying-jie', SHANG Jian-ying'>* , CHEN Chong'*, QU Ting'?

(1. Key Laboratory of Plant-Soil Interactions, Ministry of Education, College of Resources and Environmental Sciences, China
Agricultural University, Beijing 100193, China; 2. Key Laboratory of Arable Land Conservation ( North China), Ministry of
Agriculture, College of Resources and Environmental Sciences, China Agricultural University, Beijing 100193, China)

Abstract: To improve the adsorption capacity of wheat biochar (BC) for arsenic (As), wheat stalks were selected as biomass to
generate nano-sized goethite modified biochar ( Goethite@ BC) by co-precipitation. The adsorption capacities of BC, Goethite, and
Goethite@ BC for As( ) were compared. The samples were analyzed by scanning electron microscopy ( SEM) along with energy
dispersive spectrometry ( EDS) , Brunauer-Emmett-Teller (BET) , Fourier transform infrared (FT-IR) , X-ray diffraction (XRD) , and
X-ray photoelectron spectroscopy ( XPS) techniques. The results showed that the nano-goethite coating was uniformly attached to the
surface of the BC and improved the surface area and total pore volume of the biochar. The adsorption of As( Il ) by the three adsorbents
was proved to fit well with the pseudo-second-order kinetic model and the Langmuir model. Compared to BC, the Goethite @ BC
increased the adsorption rate of As( Il ) by 62. 10 times, and the maximum adsorption capacity of Goethite@ BC was 65.20 mg-g~".
The adsorption mechanism of Goethite @ BC included non-specific adsorption ( electrostatic atiraction ) and specific adsorption
(coordination, complexation, ion exchange, etc. ), and nano-goethite particles on the Goethite@ BC surface played an important role
in the adsorption of As. Goethite@ BC has a good application prospects in the field of environmental remediation.

Key words: biochar (BC) ; goethite; modification; arsenic( As) ; adsorption
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Fig. 1 SEM-EDS images of BC, Goethite, and Goethite@ BC
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Fig. 3 XRD patterns of BC and Goethite@ BC
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Fig. 4 FT-IR spectrum of BC and Goethite@ BC
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Fig. 5 Adsorption kinetics curves and ¢, versus t*° curves of As( ) by BC, Goethite, and Goethite@ BC
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HEATHIA. 3 g B350 6 As (I ) 9 8% o 2 0 2 BB
P BT B (0 ~ 6 h) W2 6 ek A 380 4l o0 2 o6 2 1)
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®1 H—ZMA RPN FERNESH

Table 1~ Adsorption kinetic models for As( Il ) adsorption on three materials
W Fh— G 3l 12 A5 th G 3 F1 2T
ky /b q./mg g R ky/ge(mg-h™") q./mgg” R
BC 0.517 0.58 0. 891 0.414 0.72 0.907
Goethite 2.781 5.76 0. 649 0.810 5.96 0. 886
Goethite@ BC 2.524 7.63 0.582 0. 496 7.96 0. 845

2.3 WA

BC. Goethite fl Goethite@ BC X As( 1l ) f14 15 Fff
i 5P Z DGR WA 6 Fras. XFAs () g
[ HE 71 . Goethite@ BC > Goethite > BC. W {77
WREEFE O ~40 mg-L™' [, Goethite il Goethite@ BC
A I ) 3102 BB HCT 6 6 0 S
2 5 R BT

W B % A Langmuir [ 3X(5) ] Al Freundlich
[ (6) ] 55 I IR BRI P 6 S g0 s HE AT H5 4
Pr(#2):

kLQCc
=17 ke, (5)
q. = ke, (6)

v, g, ROk B P-4 I I B R (mgeg ™) 5 Q
R W B AR As (T ) 9 Fe R B 4k (mg g ™' ) 5 e,
g - B W P As(T) M9V (mg-L™") 5 by B
Langmuir W Bt S 155 5 4% (L - mg_1 ) ke MR
Freundlich W JF-15 5 5.

PARPECRI A 3 b B0 Xk As (1) WK B BEAF 5
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Fig. 6 Adsorption isotherms of As( 1) on BC,
Goethite, and Goethite@ BC

Langmuir S5 W A7, Goethite@ BC XFAs( 1) AY
R K 65.20 mg-g ™', J& BC 4 62. 10 1%.
Freundlich 25 MR & (BRI BT RE 7 s
K21 2 8B IR Goethite@ BC 19 k, KT BC, n
/NF BC, #E—2E1H Goethite@ BC X As( 1) B9
B 1 E fE 138 T BC.
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Table 2 Adsorption equilibrium models for As( Il ) adsorption on three materials
B _ Langmuir T%ﬂ : _ Freundlich #571
ky/L-mg Q/mg-g~! R? kp/(mg" L") oo n R?
BC 0.113 1.05 0.834 0.30 3.828 0.910
Goethite 0.053 32.53 0.929 4.72 2.475 0.929
Goethite@ BC 0. 165 65.2 0.983 14. 94 2.705 0.937
2.4 RIS (AR A (T B L R TR N AS (V)

L1 0.1 mol-L~" ) NaOH 1E Jy it W5, i © 4%
W Rt As () AN Goethite@ BC 2% Ta1 ff W Hi k. & 7
7R, Goethite@ BC Xt As( ) A& MK b6 5 Bt 41 245 Y B
HEIMIREAS, M 94. 47% FEAE] 70. 05% , TifER
R AR R AR, M 79.61% FREE] 61.23%.
FW Goethite@ BC H (1435 P57 1t 76 el i P R BB
SEA 03 BSR Goethite@ BC 1 W [} G 77 b
PEER YOG I vk 55, H 20 4 WG 3 5 H Xt
As( D) By 2Rt s, It Goethite@ BC HA
o P 7 2R A

100 L O WEHER
= I O g =
T
80 | | T
g - T T
= 60 | [
%
A
= 40
s
20 ¢
0
I 2 3 4

B 7 fEIRXEXT Goethite@ BC IRFfAs( ) &Y
20 (pH =5.0+0.1)
Fig. 7 Regeneration cycles of Goethite@ BC
for As( Il ) removal (pH=5.0+0.1)
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86.65% 5 4 pH > pH,, i, EBRFREE pH FF 5 1 Pt
AL, H 88.30% % 76.27%. K 8(b) IR,
TEATE pH 4&1F T, Goethite @ BC WY [f} J5 15 ¥k
As(ID) FlAs( V) & THIE AL As JE—Fh &
LRI RE S BRI TT R, TR R T As( V) 5
P, MTE TR A R As(ID) S fe#s. E il
JFUR N I R As BOTEZS, AT 52 M W B 590 %6 As
M FRE 1. B B B B — e B R, A]
FEE W TR AsO] ™ Sk h AsO] 0. 53Xl s AN

JEH 2774 FeAsO, ULUE, PRIV DB As UK
T As(ID) #54k As( V) BIFEAL B pH 9 T
M REAR, 4 pH < pHy, BF, FEARIRBERR,
49.98% WA E] 33.44% , 4 pH > pH,, I}, 4k
ARE g -Fa, Horp pH =7 AL RIR BN RAK, N
30.65% . AWF7EERM, Fe( ) EALYIFE pH KT 4
~5 BF, AIEALAs(I), {24 pH & T 8 B, ik
As( ) BE 70855 R P 2 A Ak RE 71 Y.

100 b @
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60 |

40

100
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Fig. 8 Effect of Goethite@ BC on the As( lll ) removal rate

and the conversion between As( Il ) and As( V)

under different solution pH conditions
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Fig. 9 FT-IR spectra of Goethite@ BC before and

after adsorption of As( Ill)
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fiE 284. 8 eV Ab B IE Ky C—C/C—H AYHRFAIF I
454 HE 286. 1 F1288.7 eV AbHIERAYIE S 58 C—O
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e, 7EMZRE S 531. 4 F1530.4 eV AbEERE K T 59
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El10 Cls, Ols, Fe2p 0 As3di XPS EliE 547
Fig. 10 XPS analysis of Cls, Ols, Fe2p, and As3d
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As(ID) ZFd 7R, i As( ) [ As( V) #E4T 1 %%
1k, X 5E 8(b) gt —2.
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FT-IR F1 XPS &35 022 21 il 45 S — 2.
2.7 EFERTECHEAE W i S AATREXT As (W R
RELL A

J T VA Goethite@ BC X As (W FifPERE, Bt
ARG F A B 5T 5 A M OB EAT LA, R 3
7, A FHER SR i A R E AT e, A8 SRR
AR 2 AR R N
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R3 BKEUWBIERRSIM R As WHIERELL B

Table 3 Summary of the adsorption capacity of As in iron oxide modified carbonaceous materials

e W VTR oH i i ik
mg-L /mg-g
R S A Y As(1I) 5 ~100 4.0 As(1D) :65.20 N
RN AE e/ BN 2 2 W e As(I) 0.01 ~0.1 5.0 2.62/13. 1 [21]
TR R A Wy A As(V) 1~50 7.0 0.4929 [3]
T T - AR A W e As(ID) FIAs( V) 0.4~0.8 7.0 As(I):2.0; As(V):3.1 [41]
R MERG e A Y As(V) 0.8 K417.0 1.0 [43]
Fey O, B/ NZREFF A 3¢ As(TD) FlAs( V) 1~28 Jih pH As(IM) :8.062; As( V) :3.898 [44]
CuFe, O, -F A BRI EMEL  As(I) FIAs( V) 5 ~500 7.0 As(Il):51.64; As(V):124.69  [39]
5 BE G PR A ) A R As(1I) 0.5~20 6. 00 +0. 04 6.34 [36]
=3 N
3 En i%ﬂ%a@ﬁﬁ VIR
EE$

(1) AW LA/ FE R 5ok, SR HALUTUE 7
A/ NEREFE A e e 1 AR AN KR, A T
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AR b I SR
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SR, WUOKREHERE B BB Ak b, I H
X As (L) Foy i B 1) el AR

(3) P25l J124F Langmuir 55 75 W% 7 #2166
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HCPEA RN As () W B 305 SR 5 e
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