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Structural Characterization and Phosphorus Adsorption of
Zirconium-Loaded Corn Stalk Biochar

AO Hanting, CAO Wei, KAN Jin, DENG Caijun, WEI Lin

(College of Civil Engineering, Huaqgiao University, Xiamen 361021, China)

Abstract; A novel anion adsorbent, zirconium-impregnated biochar (Zr-BC), was prepared from corn stalk
by using zirconium oxychloride impregnation-limited oxygen pyrolysis method. Field emission scanning elec-
tron microscopy (FE-SEM), Fourier transform infrared spectroscopy (FT-IR), X-ray photoelectron spectros-
copy (XPS), and BET-N, specific surface were employed to characterize the surface morphology, element
composition and structure of the zirconium-impregnated biochar (Zr-BC) and the blank biochar (BC). The re-
sults showed that Zr-BC had rough surface with plenty of cracks and macropore structure, and its specific sur-
face area and medium pore size were both decreased in contrast to BC. Moreover, Zr-BC surface contained
much more O and less C element than that of BC, and Zr content reached 15. 7%. Major surface functional
groups of Zr-BC included hydroxyl (—OH), carboxyl (—COOH), and particularly zirconium oxyhydroxide,
underlying the structural basis for anion adsorption. The adsorption of phosphate by Zr-BC was highly depend-
ent on pH value, and the optimum pH value was 2. The equilibrium isotherm data of phosphate on Zr-BC were

well fitted to the Freundlich isotherm models. Adsorption experiments with mixed anions solution showed that
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Zr-BC had a higher adsorption capacity for phosphate and exhibited high selectivity.

Keywords: corn stalk; biochar; zirconium oxide; structure characterization; phosphate adsorption
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K1 RCS,BC K Zr-BC W ¥ $i 1 FE-SEM [
Fig.1 FE-SEM images of RCS, BC and Zr-BC
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Fig.2 FT-IR spectra of BC and Zr-BC
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eV X C—C,286.3 eV Xf i C—0,289.2 eV . w/ %
KR COO—" % b Al . 2k Zr J5.C—C ¢ 0 Zr ¢l N
BC 90. 38 6.70 — 2.16 2.16

HEYE N, COO— g >, C— O AL A K. i
Kl 3o AT LG i 3 AN [A] A g o 04 533. 9,
532.5,530.6 V. Hrf1,533. 9 eV kb 1y hy 2 0% 4827 ,532. 5 eV 4t 2y O—C 8,530, 6 eV ZM L 45
BH Ze—OH™ ; 5 BC X H AT A1 Ze-BC K if0 A #5 F0%E B2 1 BC R HIASAEFE , 1] AR th TR FF I8 0 2 A2
Hfn R T AR BT RS T R R AR A . I 3 () AT 2 AN R AR I 45 A BE 2 il 182.7,185. 0
eV X Y 2 Zr3ds . Ml Zr3dy, B FELES, Ze-BC KBS 10 EZALAEM SN 4 005 d el . Ze-BC

Zr-BC 33.35  41.90 15.72 7.98 0.78

T AETETE R 48 B IL AL 2 BC A Zr-BC i L R m AL AL & R AL
2.4 LEEREHMARSH Tab. 2 Specific surface area. pore volume

b 2 TG BRI L A% X 5 B 390 1 2 A 1 5 A and pore size of BC and Zr-BC
KIS 0. 58 1o U - B 2k (BET-NO g BB Swe/m’ gt Vi/ml-g ' n/nm
T D 2 B H 5 T BRI L AR 4 A 45 R 2 Be 2ot a7 033 199

Zr-BC 54. 38 0.07 0. 86

JiiR. 2 2 W Sper sV, Fore 43 01 R8BSR TR
LA FLA2. 3R 2 Bl M. 5 BC A L4 . Zr-BC B B 36 1 AR R I BTG ML 254, 37 m* « g ' [ AIG
F54.38m* « g LA WM 0.33 mL + g FEMKF] 0. 07 mL g AL 196 nm [EAKF] 0. 86
nm. 5% H i AT B2 S S AL B RS A e AR O B 28 JE T AR R R A FL SR, 3 3L Ze-BC Y LR
T FURFLAR B /. X 5 Wang S5 BT I 2k La 254 5 F L)
Li ZU B 98 B9 Mn 5384 9 e i 15 25 18 — 3K .
2.5 AR pH XA YR T M BEER AR B0 % M 2

T pH E 23 52 e W B 5T 79 T8 285 0 i 6EE 5500 7 2 1D R 7. A
[ pH {24 T, Ze-BC X i i W BF R 7 an 18] 4 pros. i & 4 ——
AL pH {H Y 2 38 K3 4 B, Ze-BC X 7K B 12 5 14 Wz B
RE I T 1% 2 pH (2l 6 ~12 B, Zr-BC X 8 fR 5 14 1% B
B EAS F We. B R b 16 A W pH {4 1F F #7 78 H.PO, 2 4 6 8 10 1
H,PO, .HPO,” #l PO,* 4 F A [RJE 5. % B AY P 5 4 5
pK, 2 pK,  pKs 4881 2. 15,7, 20,12, 330, Fo 4 pH RS Zr-BC W MEBRIR AL 191

8 pH (AR L Ze-BC b3 % 1 T R T4 1 Fie- 1 Effect of pH value on
FH, ., FiE 38 o 1 PR VR FE R B AR PR A B R s IR B RO A A Ak
Wy 5 A B W R K B I R 1 S LA O B S T TC S R S T L Ze-BC 2 T 5 AT 3 ok B
FRCA AR A 4 5 K v i B R AR TE B A 5 S B B R AR 1 A BR. 2 pH {E B Wi & . Ze-BC R IEH
i 5 2R T O/ X I e P T 5 BB D RS 5 1T Y pH (B TR AT L Ze-BC R L A i IR FE L =
JTHE B OH - IR k58 4 Ze-BC 2R 11 W FE AV A5, 5 BOR B o . P e, B 25 1 B A A T Ze-BC
W Bl e pH R TG T PR G 5 | R B8 TRC AL AR 5 4 FH B B PR 3k S R ASOR 4T
2.6 EYIxRMERLE

W2 25 30 2k i 6% 52 7K I 56 700 55 R R 5 22 () £ I R Ok AR DL R A B W R R ) AR R R B A A A
pH=2, Wi R 298 K,C, 2 5~100 mg « L' 54T . Zr-BC X BEER 5 (19 W B S5 IR 4k . W &1 5 fr .
FH P 5 AT . 221 o i v B AR B Ze-BC S i B B A8 I BT S B R 46 BT v R A B R PR G K 2
YA 5T e B A — 20 3 R B AN I OO K R R 3K P O AR ) R AR T R R R — . Y pH
R 2 B 3 o O A AR A A A T R B Wl R . 2 VU %) Wl R R 9 3 — B A R B L R B R T
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B (mg » g ) 5 Co KB R 1 7 4 R R (mg » 11y 10 e BOXTRRREAROEHT SR
K, & Langmuir % %0; K¢ #1 n ¥k Freundlich ¥ %%. Fig. 5 Adsorption isotherm

i 1& 5, 2% 3 ] %1 Freundlich #£ A4 i 1 & %% R (R* = 0.
86) . Langmuir BRI B 41, AT Zr-BC W B 7K rp 85 2 £ 19 W B AT Sy, PR 40 Ze-BC X 5 2 £ 1Y 1
Bif i A S AR A £ 4 F R 2P EAR BN 1/ KT 0 H/NT 1,38 Ze-BC W BB AR 5k 1
o R A L B

F 3 Zr-BC WL B K rb i 1R A 1 45 B2 4SS 25 5 B3 R DL 45 A G R 8K

Tab. 3 Isotherm model parameters and correlation coefficients for phosphate adsorption onto Zr-BC

of phosphate on Zr-BC

Langmuir 4 i £& Freundlich 45 £k
- .
qu/mge+g ' K /L+mg' R K¢/mg+g' 1/n R?
TIEN 11.098 0. 307 0.76 4. 040 0. 248 0. 86
2.7 AMRNEAHETRI LA TR

SCIRBOK P AEAE S FUI TS0 S MMHERE 2 0% S o) o
BB RH B AR 5 R AE A WP ZeBC FUBC XER 1o
1 0 50 F B A B A AR R ISR 1 P 6 . ol
) 6 K A TN Ze-BC R B 0 R BRI B R
BY 12,17 mg - g ' JEF X BB SR AR AR SR IO I 5 BC
M, Ze-BC ATBEBRER ORI 70 T 4~5 G BC xtiimeskry 5|
LA B 99 T R e RO R B 10,26 mg -+ g 0
Hh 2 3BT T80 Z- BC 46 T 17 16 B8 8 AL 6 24
L 0L 5 0 P R B I R Pk PR g, 90 PO R ZrBC IR B
R e BRI 6 199 77 7 2 X0 05 152 46 1 0 RO 000 . 000 o4 e Mined amon v Borption
W55 N 5T /N J% 5 45 87 36 B Ze— OH S o] 1 clfcct of BC and 2
3ok T T 0 5 30 PR IR K o B AR 17 BC Ze-BC XE B 5 1 4 P 47
BEAb A VE TG 2  BC X RSB O 2 VR 1 R T BRI AE B Bk LM R Y 10,26 mg - g L A
E B0 0 AL 1 00 A 7 1 9 O 2 L 2 400 28 0 B T A e B 1 B 2
W BERICRE 0, 2 4 R Ze-BC AR AR 7 W W13 L 8- 5 FLA TS .

3 it

1) SR JH AR S Mt 95 30 BR SRR 2 D7 3+ W % — Rl B R RS A W i B B 1 IR R B4 R & FE-SEM,
FT-IR.XPS.BET-N, 2 £AE5 47 AT J1 . Zr-BC KIS . ¥k B A RECHALBR S5 1 . Horh . 38 Zr J5 42 W)
B B R BRI ) L AR S A BRI 50 3 0 54 m® « g VA 0. 86 nm. JEAb, Ze-BC SR & C & A, & O
HRUESE N . Ze 1 B Sr BOR B 15, 706 5 R HA BRI ORIk KBS A ALY R Zr— OH 454 A R T
MR B A P I 85 1 ) 24 A S

2) Ze-BC X R £ 14 W82 B ROCRAE BRI 2% 1F 1 5 W R i pHL LAY 36 K T 0. Ze-BC X i R
1 W B 25 3L 2 T Freundlich #55. J& T 200 12 W M. il 2 22 2 1R 5 10 080 IR R 1 e 0 3 24 B
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