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Preparatlon of Magnetlc Iron Ox1de/ Mulberry Stemf Biochar ‘and Its Effects on

Dissolved Organlc Carbon and Arsemc Speciation in A‘rsemc Contaminated Soils

LU Lm YAN Li- lmgl', LIANG Mei- na' > CHENG Cuan -wen' Y. ZHU Zong-iang' ZHU Yi-nian'*** “WANG Dun-giu'**

(1. School of En\lronmenta Science and Engineering, Guilin Univ elslty of T‘echm)logv, Guilin 541004, China; 2. Guangxi Key Laboratory of Environmental Pollution Control
Theory and Technology, Gutlin 541004, China; 3. Guangxi Collaborative Tnnovation Center for Water Pollution Control and Water Safety in Karst Area, Guilin 541004,
China)

Abstract; In this study, original mulberry-biochar ( M-BC) and magnetic iron oxide/mulberry stem biochar (Fe-BC) materials were prepared and characterized using
mulberry stems as the raw material. The effects of carbonized temperature of Fe-BC and M-BC on dissolved organic carbon (DOC) and arsenic( As) speciation in soil leaching
solutions were studied using soil incubation experiments. The results showed that; (D) Fe-BC was mainly composed of Fe,0, and was magnetic, and the main functional groups
were a C =0 double bond, O—H bond, C—O0 bond, and Fe—0 hond. The point of zero charge values (szp(,) of Fe-BC-400, Fe-BC-500, and Fe-BC-600 were 8.92,
8.74, and 9. 19, respectively, and the specific surface areas of Fe-BC-400, Fe-BC-500, and Fe-BC-600 were 447. 412, 482,697, and 525.708 m* »g ™" | respectively. @)
With the increase in the carbonization temperature of M-BC and Fe-BC, the p(DOC) of soil leaching solution decreased 11.6-315.6 mg+L™" and 78-365.6 mg-L™",
respectively. The DOC concentration of soil leaching solution was negatively correlated with soil EC. On day 35 of the incubation experiments, compared with that in soil after
incubation without hiochar ( control) , the As concentration of the soil leaching solution with Fe-BC-600 decreased by 55.96%, and there was no significant correlation between
the As concentration of the soil leaching solution and the DOC concentration of the soil. () The available As concentration on day 35 in soil after incubation with Fe-BC was
lower than that of the control group; the available As concentration on day 33 in soil incubated with Fe-BC-600 was reduced by 39.21%. @ The residue As concentration on
day 35 in soil incubated with M-BC decreased by 17. 76%-49. 11%. The residue As content on day 35 in soil incubated with Fe-BC-600 increased by 80%. Fe-BC-600 was
most beneficial to reduce the DOC concentration and the available As content in soil leaching solution and increased the residue As content, thus reducing the bioavailability of
soil arsenic. Therefore, this study can provide a theoretical basis for magnetic iron oxide/biochar remediation in arsenic-contaminated soil.

Key words: arsenic( As) ; contaminated soil; mulberry stem biochar; magnetic iron oxide; dissolved organic carbon(DOC) ; arsenic form
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2.1.5 M-BC Fl Fe-BC ) L 1H AL & F LA Hr
M-BC Fl Fe-BC 1y Lt 1 #1 LA R FLAE 43
Bras R e T3 3. e mT 0, Bifi 5 oAb B2 0 iy
M-BC ) k2 T AU W86 K, M-BC-400 , M-BC-500
FI M-BC-600 [ bt 2% 1H #2435l )& 40. 127 | 172. 396
F1315.020 m*-g~". SEM HLBE 53 B 45 5 ] LA B 3
— 34, M-BC-400 & H ¥ 4 I FLBRZ5 4, i3}
BIRES, b 1H A4 M-BC-500 F1 M-BC-600
FLEE R B 4F, A I LE 3R TH R K. Fe-BC-400, Fe-
BC-500 F1 Fe-BC-600 fY Lt 2 1# B 4371l 2 447. 412
482. 697 F1525.708 m*-g~". ALt M-BC-400 . M-BC-

&3 M-BC # Fe-BC KL RETRRFLE S
Table 3 Analysis of surface area and pore size of M-BC and Fe-BC

i SBET/mZ g ! mel/cm3 g ! Dypp/nm
M-BC-400 40. 127 0. 058 5.751
M-BC-500 172.396 0. 147 3.414
M-BC-600 315. 020 0.197 2.504
Fe-BC-400 447.412 0. 602 5. 661
Fe-BC-500 482.697 0.726 6.271
Fe-BC-600 525.708 0. 644 5.029

500 i1 M-BC-600, Fe-BC-400 , Fe-BC-500 Fll Fe-BC-
600 14 bb 2 T AR 4 51 39 in T 407. 285, 310. 301 Al
210. 688 m>-g ', X J& i T ZnCl, (9% AL VE I .
NH,HCO, W3 FLAE AR A i 1 2, 4t 17 ek
PEAE IR H AR
2.1.6 M-BC ll Fe-BC /Y Zeta 105 pH {HEFR

4 & M-BC 5 Fe-BC [ Zeta HL{ii 5 pH {H X
FZ. AT M-BC (9% LA (pH,, ) 7E 1.5
~2 ta], M-BC-400, M-BC-500 F1 M-BC-600
pH,, 73 524 1.79 1.84 Fi12.05; Fe-BC-400, Fe-
BC-500 #l Fe-BC-600 1Y pH, 435l /& 8.92 | 8.74 il
9. 19, % M-BC-400 , M-BC-500 #il M-BC-600 4351 4%
#7713, 6.90 Fi17. 14 4~ pH #¥.4i7. Fe-BC Ay pH
(A4 v, BT 0 B 5 P R R
2.1.7 Fe-BC WIREHEREFRAF3Hr

Fe-BC A LR RERAE ST a0 &l 5 s, A
HRT L AR TRIELE T i 5 19 Fe-BC A i B AL 38 B AN
—HF. Fe-BC-500 Bl T 5 44 K B 1k Fe 0, A1 [F] (1
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Fig. 4 Relationships between Zeta potential and pH of M-BC and Fe-BC
04 ARG R T HL Fe-BC-500 M Fe ik , ik
Fe-BC-400
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2 Ll 400 FLERZEHoAE 2 , LR/, ﬁﬁ?ﬁ%ﬁfﬂi
B W Ee O
e 0 r
& 2.2 M-BC filfFe-BC mti;% pH Fl EG/ E’J%ﬁﬁ
- VR MCBC i Fe-BC ek 3 pH {0 S 501
02r 2T 4 M ILL(GK) YN M-BC Fil Fe-BE: Yyt
-l +3EhY pH ﬁﬂm ﬁ'ﬁﬂi‘% pH {E R B EI’J_M-BC
-0.4 L L L L L Fl Fe-BC ﬁf mrﬁﬁﬂpﬁﬁﬂm LIE@Z@Q@EE%Z%
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MEHADT o SR S HL S 10 ORI LR IR 5 A T 2
o 1 ES' Fe-BCWuisE4E |/ JOVBE D A5 ek B AR+ 1
d “i Y | i ,l'lg 5 Hysteresis loop of Fe- BC - e mr‘ *%%ﬁ%f@%ﬂg#%%i% pHLSOJ )
%4 M.-BC I Fe-BC 7+ 4§ pH HI%1
' Table 4  Effects of M-BC and Fe-BC on soil pH
H pH
Rz 1d 24 4d 7d 14d 21 d 28 d 35d
CK 5.8 5.79 5.86 5.8 5.69 5.73 5.75 5.79
M-BC-500 7.72 7.88 8.03 8.09 7.99 7.63 7.38 7.55
M-BC-600 7.76 7.78 7.92 8.03 7.99 7.6 7.54 7.45
Fe-BC-400 6.95 6.95 7.1 7.25 7.58 7. 64 7. 46 7.83
Fe-BC-500 6.94 6.9 7.05 7.18 7.47 7.22 7.17 7.2
Fe-BC-600 6.9 7.02 7.17 7. 44 7.94 7.66 7.61 7.83

I M-BC Fll Fe-BC X} + 1 EC {8 1) 52 W 51 T
%5,k 35 Dominchin 257 (5345 - —5,
X HE A ] 4% 2 0 F FF A= 4 2% 2, M-BC il Fe-BC

P+ £C EIHB S W, B 4 vl
PSRBT BRI I, 6 LS S A AR T R
UFIFRAT A

&5 M-BC F Fe-BC Xf 1% EC BISME
Table 5 Effects of M-BC and Fe-BC on soil EC

v o EC/pS+cm ™!

R AT 1d 2d 4d 74 14 d 21 d 28 d 35d
CK 130. 5 128.5 134.3 141.2 151. 6 162.9 165.7 177.6

M-BC-500 606. 5 647 664. 5 733.4 980 1011 1034 942.3

M-BC-600 470.2 512.3 561.3 600 684.3 703.7 766.9 814

Fe-BC-400 193.3 197. 8 21.7 291.5 377.4 357.5 359.6 328.2

Fe-BC-500 238.8 233.5 243.8 254.3 286.7 287.4 363.9 313

Fe-BC-600 196. 8 222.2 312.3 432.6 529.5 499.9 589.6 531.6
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Fig. 6 Effects of M-BC and Fe-BC on DOC value

of soil leaching solutions
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Fig. 7 Effects of M-BC and Fe-BC on As and Fe concentrations of soil leaching solutions
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| S5 Mcen < Fencan F19.37%, "] S35 As i L2 BN T 0.91%,
K A 1.77%F13.53% . 15555 2 d, 3RS As 5
Wl /. W T 39.83%. 19.68% Fl 10. 78%,Ef§*c?ﬁ&?’:§LAs
, A7 EE A IN T 3.17% ., 2. 81% 1 2. 65% . 1154

7 d,FRIE As 5 A>T 76. 53% , 47. 05% Fi

19. 06% , W] A2 H 75 As A3 HIBE AN T 14.82% . 9. 45%
or M F19.79% . 5555 35 d, 3RS As o5 oo sliisb T
/\ 48.60% . 27.01% H1 17. 59% , 1 ZCHe 45 As .Ettﬁ%jyu

BEINT 12.24% ., 9. 46% F1 2. 60% .

(R As)mgkg™!
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o5 10 Wlﬁ B0 B4 A H X BB 2, VI Fe-BC- 4007 Fe- BC' 500 kil
B8 M-BC#l Fe-BC W HAYMEBHOHM, Fe-BC-600 At 78 LKE4S 1 d SRS AS i 4y
Fig. 8 Effects of M-BC and Fe-BC on soil available ar%em(“ f(:ntent leJ iﬁ j][] T 18 61 % 19. 6'|1 % *H 18. 18% T)Q\)fﬁ%/u\ AS
%6 M BC 1 Fe. BC Xt LEREE AL As EttB’J m‘l/% o 4
Table 6 Effects 0f M-BC and Fe B.C on_.r-atlm of different (‘nmhmd form% of Ain il4% '-‘..a
' & & As S “.-' [ o _~
PP LT s ) g YT L S T T T 2
ek (1) 8 1.74 ' LR - .43 S 4469 70.27
M-BC2400(1{d) 2.65 o Y 28.33 & 27.85 38.40 4
[ M-BCIS00(1'd) 3.51 [ ¥ g.ogf ) 25.20 T 55.56
MaBC-600( 1 4 i5.27 “ ; 3008 —__, & 23.64 6.25 60. 86
Fe-BE-400(1°d) 1.09 1. 10z 5.10 3. 88 88.83
Fe-BG£500(1 d) 1.01 0.98 4.59 3.59 89. 83
Fe-BC-600(1 d) 111 0.93 5.74 3.82 88. 40
CK(2 d) 1.71 2.33 21.32 5.06 69. 59
M-BC-400(2 d) 4.89 4.06 31.22 30.08 29.75
M-BC-500(2 d) 5.89 5.14 27.91 11.16 49.90
M-BC-600(2 d) 7.07 4.97 22.34 6.81 58. 81
Fe-BC-400(2 d) 1.30 1.26 6.43 4.69 86.33
Fe-BC-500(2 d) 1.07 1.08 4.82 4.23 88.8
Fe-BC-600(2 d) 2.67 1.26 6.52 4.63 84.93
CK (7 d) 2.139 2.29 6.35 5.08 84.13
M-BC-400(7 d) 16.96 7.55 32.76 35.14 7.59
M-BC-500(7 d) 11.59 7.39 31.08 12.86 37.08
M-BC-600(7 d) 11.93 6.67 8. 89 7.44 65.07
Fe-BC-400(7 d) 10.26 1.1 3.56 4.46 80. 31
Fe-BC-500(7 d) 2.29 1.14 3.85 4.76 87.95
Fe-BC-600(7 d) 3.32 1.82 3.60 3.97 87.29
CK (35 d) 1.87 2.49 21.45 5.18 69. 01
M-BC-400(35 d) 14.10 7.39 33.09 24.96 20.45
M-BC-500(35 d) 11.32 6. 88 24.72 15.09 42.00
M-BC-600(35 d) 4.47 4.40 30. 04 9.67 51.42
Fe-BC-400(35 d) 4.73 1.97 5.95 4.39 82.97
Fe-BC-500(35 d) 3.55 1.91 6.12 4.25 84. 16
Fe-BC-600(35 d) 1.63 1.24 4.55 3.59 89. 00
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