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Abstract: To remove Ni(I) in wastewater more effectively and economically, soybean straw with low cost
is chosen to make biochar to absorb Ni (II). The effects of carbonization temperature, solution pH,
adsorbent dosage, solution temperature and Cd(II) concentration on the adsorption are investigated to find
the optimal adsorption condition. A new method for removing heavy metal nickel is developed, and the
adsorption kinetics and adsorption isotherm are studied. The experimental results show that the adsorption
performance of the adsorbent is good, and when Ni (II) concentration is 20 mg/L, carbonization
temperature is 500 C, pH is 7, dosage is 0.2 g, temperature keeps at 25 C and the concentration of
Cd (ID) is 0, the adsorption condition is the best. The adsorption reaction accords with the second-order
kinetics equation. The adsorption isotherm accords with Langmuir model, and the saturated adsorption

capacity is 14.38 mg/L at 25 C. Scanning electron microscope analysis shows that the pore structure of
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straw, the surface roughness and the specific surface area increase, which improves the adsorption
performance.

Keywords: soybean straw; biochar; adsorption kinetics; adsorption isotherm
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Fig.2 Effect of pH on Ni(II) adsorption capacity Fig.3 Effect of the dosage on Ni(Il) adsorption capacity
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Fig.4 Effect of the temperature on Ni(Il) adsorption result Fig.5 Effect of the Cd(II) on Ni(Il) adsorption result
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F18Y T PR £ 23 XoF 3 VR T i 25 1 N CTD A5 HE e g4 1T ELAE kg W BB 50 g ) 9 8 s A0 R /) 3 8 2 ) e 1 WL
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Table 1 Kinetic parameters of adsorption of Ni(Il))onto biochars

Bl Iy AT
B e 8 Iy
o et r@:ﬁ@ﬁ%i:kz;ﬁi
LE g./(mgeg ) 8.67 8.67
P g /(mg+g™ D 6.215 9.064
W87 o ok 2 % K /b K, =0.6615 K,=0.248 0

F % R R? 0.951 6 0.998 &
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H A R4 0T A R A U 0 R R T B 4% W B T 2 14 4 TR S T L I VR TR VAR B A KA s N ) A T VAR
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Fig.6 The relationship between Ni(II) adsorption Fig.7 The relationship between equilibrium concentration and
capacity and adsorption time adsorption capacity of Ni(II) at various temperatures
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* 2 Langmuir #1 Freundlich B1& B &G HE R (ER(25£2) CT,24 h,100 mL i§7%,0.2 g M)
Table 2 Langmuir and Freundlich model parameters for adsorption of Ni(II) (room temperature(25+2) C,

24 h, 100 mL solution, 0.2 g adsorbents)

R EE/C e GO R?

b=0.253 0

15 y=0.077 22 +0.304 0 0.995 6
Gn=12.99
Langmiur F7 b=0.293 5

o el 1 25 y=0.068 7x+0.234 0 0.992 9
—=—+ qm=14.56

de  qm  qub

b=0.267 8

35 y=0.063 0x+0.235 3 0.988 8
qm=15.87
n=4.022 5

15 y=0.248 6x+1.515 7 0.891 6
K;=4.552 6
1 n=4.380 2

Freundlich #2%! In g.=—1In ¢.+1n k; 25 vy=0.228 3x+1.723 0.897 5
n K;=5.601 3
n=4.288 2

35 y=0.233 2x+1.785 8 0.924 7
K;=5.964 3

MBS 19 FI 2 1, Langmiur AR HE T 47 04 88 38 4= ) st NidID @ B AT . 7E 3 AR EE T 1Y R* 43
SIHERER 1L T 0,98, I A5 210 9 16 A% B i g 4300k 12.99,14.56,15.87 mg/g. M4 Langmiur #5759, 75 0% ff
0 2ok A v AR B 4 5 1 3R TR AL LA 1 W BB 0 — FE 1 2 IR S B S A I 2 B R R B R R [ I AR
35 A0 R AR BN AG ALE 3 FIREE TS 4352 —13.249, —14.077, —14.314 KkJ/mol . By 571 {5 156 W W i ot 72
& H R
24 HEYRBEHFOHEBBRE

F B (& 10) BoR s AL X TR ARy R M R MBS 8 K. A5 KR GRS FF R LR 25 f 15 £
FEAAORFLIE BE b oA 2 6 10 /NFL L B A8 75 78 07 38 35 . L B rb S T A B T 8 2 L D ok n] DL R
VFZ ALBEBE I LB o 285 40 (A LS A5 B2 IR 3 DR A 7 R iR A 0 b Rk % T ) FLRE R B o ol o T EL A AT
PR et PRAR BRI ok, ol TR 2 ALIE RS A N BB A 5 K S BT AE i T b ok L R B R XA R LA
G o 30 S A T 25 4 0 AR A REURE 22 7L o bb 2R 1 B BAL T AR K MR A 8S 2 R) TR SR AT R
SIEE T, WS, KRG EM BT 100 mL BT 20 mg/L NidID 78 S 500 AW B it H A
3.41 mg/g. MW W BE i 8.67 mg/ g, AL e B W B 1 B 04K

3.5

1) 15 FEL A+ N LD 5B 5 0 90 P 758K 0L it R P 4R PR 0 B 52 1 B 155 p L
X B S8 00 M 6 PR IR B A PR N CTID 5 % A 9 « 25 0 0 80 Ni CID) 5 B ¢
SN AELUR B /1 0B L FE 4 7185 880K 65 Cl (T e 2 T 90 48 Ni T 73 — 5 i
B

2)NiCTD) BV E 4 20 m/ L 1 S FE MRS A P A BAGIRLIE 500 CopH Dy 7. BEIIEE 0.2 g Wi iR IE
25 C.CAAD TR IE 0 me/L S AP FRTREF AL SR NiCID B My 8.67 me/L. A PF T 47
U B 3 93 5 491 M 1 7 R R AR i KRR A B BRR N CID) B

330 5536 0 T 0 B G 90 T 86 T 88K L 06 O 3
14.38 me/L, Langmiur $05 5 54 B R Ak 915 NiCID B0 BT 0 BREEBR 2 1 306170

) B A K 5 T A0 LI 1 3,41 mg/ g 427530 8.67 me/g, 25 4 SEM HUBIFIR 447 200 5t (L 7
SUBUE 2 L AL 2 W S ATHLRR B8 5 K 5B FFAD R WP RE
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Fig.10 SEM images of raw straw material and biochar
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