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Comparison of copper adsorption onto unmodified and nano-hydroxyapatite—modified wheat straw biochar
ZHU Si-hang'**, ZHAO Jing—jing"**, CHU Long-gang', YIN Ying—jie', CHEN Chong'**, SHANG Jian-ying"**"

(1.College of Resource and Environment, China Agricultural University, Beijing 100193, China; 2.Key Laboratory of Plant—Soil Interactions,
Ministry of Education, Beijing 100193, China; 3.Key Laboratory of Arable Land Conservation(North China) , Ministry of Agriculture, Beijing
100193, China)

Abstract; To improve wheat straw biochar’s removal ability of copper from polluted water and soils, wheat straw biochar was modified using
nano—hydroxyapatite. The characteristics of unmodified and nano—hydroxyapatite—modified wheat straw biochars were analyzed, and batch
and kinetic adsorption experiments were conducted. The results showed that the nano—hydroxyapatite coating was uniformly attached to the
surface and improved the thermal stability of the wheat straw biochar. All three concentrations of the nano-hydroxyapatite coating decreased
the hydrophobicity of the biochar. The nano-hydroxyapatite coating increased the adsorption rate of copper by 7.69%~130.77%. The maxi—
mum adsorption capacity of nano—hydroxyapatite—modified wheat straw biochar increased from 32.65 mg g™ without coating to 57.01 mg-g™
with 0.5% coating. Copper adsorption onto unmodified and nano-hydroxyapatite—modified wheat straw biochars were well fitted by the pseu—
do—second—order kinetics and Langmuir adsorption models.

Keywords : nano-hydroxyapatite; wheat straw; biochar; Cu?; adsorption
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NS, MELUH B R B ohRe ki, I BT
Cu™ F W Bt 2 i AIC, PR SR T v 2 31 1 —E Y
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e, Stk a2 et Co™ W I AT 3k 3] 47.94
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HITRY 2.06 1.
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HAP IR 5], 7E 600 CA14 T il LA K 2 B K A LE )
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T4 (SEM )3 R 4E BC 1 HBC 14 724 Fa i
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Cu™ A AR
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1.1 GoREREBEIR A B £ W B #l 8

S e F9A K 32 3885 JK A7 (nano—HAP, 60 nm ),
W T P R S AN K AR FR A ) o it AR R H
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MR o /NEREFE P B TR ] R 1K

BN REFFEVET e, EA T TR AL B S 2Ry ML
I 10 Hiffio AR 25.00 g NEFERT, Fyir 2 hide
JNT 2 mm, [FHISE 41 AE 1000 mL nano-HAP bt
W (nano—HAP 735 5 /N FEFF BT Y 0.1% .0.2%
0.5%FN 1% ), fsi WG Sy #Eas i F 1 h, R /NEFEFF
5 nano-HAP Bk 7 /IR A5 , B R & Pt A
HEFEHET , 5175 nano—HAP FIFEFRR SR, RS
MR A B2 10 em ., 5 15 em B BAETE R0 9
HRSE, i N, Y AR FRELE 250 L-h™ (308 T il A
D, LL 600 CHYE 1 h, i MR H 2=,
135 HBC, FHHhIE K FE R 4tk vk 2 ik, 80 “CHit
T, BA5 25256 BT A2 G4 kE HBC, S I i 120 H
i %5 o 52 A FB nano—HAP (5 /N FEFF BT i A [+
4% 3 % 0 B 0.1% HBC.0.2% HBC.0.5% HBC 1%
HBC. #% BB BRER 23R 51175 BC,
1.2 HBC $4ES#F

BC F1 HBCs A H M 5T (R 1) Al 22 534 2
SSMIRAE IR . TEE =AY Sy ik
FAx100% ;pH {8 : FREL 1.0 g LEW 5T 15 mL B 20
BT, A 10 mL ¥4 0.01 mol - L 1 CaCl,
VW, YR 2 min, # B 30 min, 485 1 pH 11 & %
W& pH i ; JK 43D 5 - PR 2.00 g BC fil HBCs ‘& T4
B, 7E 750 CH R AR 6 h, AR HERE,
SRIGTFLA 750 CH I ##% 30 min, R HISFRE,
bR E, HERERIRFREMZE/NT 0.000 5 ¢, B
NIRAY S FRMAEFIES M T
(SEM, Nova NanoSEM430, 2 [E FEI 22 ®] )Xt BC 1
HBCs FMIEH 1 UL
1.3 BC #1 1%HBC By EHH7

PEE M (TGA) FHAE /3T {L (TGA/DSC1 , #
H—FEFZ A FD AT E . SLIBUNEREF S 1%
nano-HAP JES YT 2~3 mg A i B T2 bR R,
7E 20 mLemin™ 25 LL 10 °Cemin™ B0 #AGHE R
FHiRE] 700 C.
1.4 HBCs #ZffaillE

2 it £ ) R FFT S8 325 00 AR 4P
BT E R 2.0 wL B AUK ARk

% 1 BC #0 HBCs HI4HE ST
Table 1 Characteristics of BC and HBCs

FHIE BC 0.1%HBC  0.2%HBC 0.5%HBC 1%HBC
T 0.571 0.583 0.602 0.631 0.690
Ry &% 26.60 25.35 23.93 23.24 22.79

pHH  10.69+0.03 10.30+0.02 10.21£0.03 9.91+0.01 9.81+0.02
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CIE [N, 5 FF R TH 1 RE T 4R 24 , 24k 21 4t
R YR ARRRE A IR B B A, 56
=B B TE R 350~500 °C, A A A ) o RAG Sk B A
P AW BTG A, P2 RE A I IR e 1 5 26 DU B B
MR T 500 °C, VB BC 2 2B B, Rk &
ZFFIGTH R, BC R HB WA B, 55 10408 3R S Ak
AT A AR R 58

INEFEFF AT nano—-HAP (1% ) /N2 FEFHIR & W HE
BUPAS B B R E , RBEA TS A D K sk
BREd . H5/NERFFA L, nano-HAP(1% ) /N5 FT
TRAWAESS — BB /R S i AR e P (T 50%
HEPUR AN R, K nano-HAP(1% )/NZFh
FHE A PRI Lo/ INE RS R BE 207 80 °C, K]
nano—HAP [ 25 75 4= ¥ sic 11 7] LALR 47 A= 1) o e 2
PR, X 5 — e A R — 2,
2.2 HEfbA

Fe i £ T LU A AR WA 5 T A ) T MRS, 2
fi £73 B/IN RIS VR MACHE [ AR T ) A JR B PRI, T
A 0 e 3 THLT V18 e #4 B) , JRCTT -5 A 0 o D422 f
TAAFGERR , Bl OR8] 2 2 BC #T HBCs 5/KZ
(] 42 il £ o BC 57K Z [A] 4 il ff R 122.6°+4.7° 111

100 ;vawvvwvvvw:::;ﬂ_x e BC
o — 1%HBC
80 oo
| i |
‘§ 60 r 1 'l_l'
[ 40 I A
5 3
| 4 5,
20 ¢ L TP
0 i

100 200 300 400 500 600 700
iE/C

B 1 BC 1 1%HBC BT EL %
Figure 1 TGA profiles of BC and 1%HBC
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Figure 2 Contact angles of BC and HBCs with water
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Figure 3 SEM images of BC and HBCs
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Figure 4 FTIR spectra of three materials
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Table 2 Sorption kinetic models for Cu* adsorption on

BC and HBCs
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HBCs X Cu (1 W [ 13 Bl Cu (1)~ i B 38 fin 2 il 14
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HBC, X 5K 6 152|454 —5k . #F Freundlich %
TR SR o K RO, W FMRE T O, 3 3 7T

60? -£- BC
50 . g & 0.1%HBC
B " A 4 5+ 0.2%HBC
s 40F S A £ 0.5%HBC
j=19] 1 r
= [ 2] S ¢ . S —— == 19%HBC
& 30 ! T - Slp— - — % ©
ey =
§ 20 .L } & *- ------- Bt e e o
= [
10 ~
0 L L T H————.. .
0 200 400 600 800

S g L
B 6 BC %1 HBCs Xf Cu™ IR Mt & 5 FEIREEAIX R
Figure 6 Adsorption isotherms of Cu** on BC and HBCs

3 3 BC # HBCs 3¢ Cu™ B M SR AR R B4
Table 3 Parameters of Langmuir and Freundlich models for Cu

adsorption on BC and HBCs

2+

Dh—Gsh i) h = gsh Jy = pimd

Langmuir FE%! Freundlich 574

FHEE - - — - R - -
kbt og.mgeg?  R* ky/gemg-h? g./mg-g?  R? K/L-mg”" Q/mg-g™ R? K; n R?
BC 0.135 12.65 0.943 0.013 13.98  0.992 BC 0.025 32.65 0.979 6.913 4.09 0.904
0.1%9HBC 0.138 12.68  0.889 0.014 13.96  0.963 0.1%HBC  0.013 48.49 0.978 4.845 3.83 0.928
0.29%HBC 0.151 1443 0.907 0.024 15.74  0.975 0.29%HBC  0.014 51.89 0.929 7.654 345 0.934
0.5%HBC 0.309 1545 0924 0.030 16.37  0.999 0.5%HBC  0.026 57.01 0.945 10.457 3.69 0.887

19%HBC  0.149  12.81 0.832 0.016 1395 0.935

19%HBC  0.026 23.53 0.943 5.776 4.59 0.899
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