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Abstract: To investigate the differences in physical and chemical properties of biochars derived from
different materials and their adsorption characteristics for ammonium nitrogen and phosphorus in water,
biochars were prepared by using straws of Zea mays Linn., branches of Taxodium ‘Zhongshanshan’ , and
branches of Buxus sinica var. parvifolia M. Cheng as feedstocks, and physical and chemical properties of
three biochars and their adsorption amounts for ammonium nitrogen and phosphorus under different mass
concentrations of ammonium nitrogen and phosphorus, and adsorption times were measured and analyzed.
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The results show that branch biochar of B. sinica var. parvifolia possesses the largest specific surface area
and total pore volume (which are 76.83 m® « g”' and 0.024 6 cm® - g™', respectively) , while branch
biochar of T. ‘Zhongshanshan’ has the largest average pore diameter (4.56 nm). On Fourier transform
infrared spectroscopy and X-ray diffraction spectroscopy, branch biochar of T. Zhongshanshan’ and
branch biochar of B. sinica var. parvifolia show similar characteristics, whereas branch biochar of T.
¢ Zhongshanshan’ shows similar Raman spectroscopy features with straw biochar of Z. mays, and it
exhibits a higher degree of ordered graphitization than branch biochar of B. sinica var. parvifolia. Straw
biochar of Z. mays has significantly (P<0.05) higher pH value and cation exchange capacity than the
other biochars, while branch biochar of T. ‘Zhongshanshan’ has the lowest electric conductivity. The
element analysis result shows that branch biochar of T. ‘ Zhongshanshan’ has the highest carbon content
(81.75%) and the lowest hydrogen/carbon ratio (0.32); branch biochar of B. sinica var. parvifolia
shows the highest nitrogen and total phosphorus contents ( which are 2.67% and 3.95 g - kg™',
respectively) , while straw biochar of Z. mays has the highest total potassium content (16.72 g - kg™").
Branch biochar of B. sinica var. parvifolia exhibits the highest adsorption amount under different mass
concentrations of ammonium nitrogen and phosphorus, and adsorption times in general, indicating
superior adsorption performance. These research results suggest that different feedstock types have evident
impacts on the physical and chemical properties of biochar, among which branch biochar of B. sinica var.
parvifolia has outstanding adsorption effects for ammonium nitrogen and phosphorus. Therefore, suitable
biochar can be selected based on practical needs for applications in fields including soil improvement and
pollutant adsorption.

Key words: biochar; physical and chemical property; Taxodium ‘Zhongshanshan’ ; Buxus sinica var.
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Table 1 Physical and chemical property analysis of different biochars (X+SD) !

FH L%/ nm

AR HEWBY (- g ) AR (n® g ) I PHAL S/ (uS - em™) BT AEHI (emol - kg ')
Biochar Specific surface area Total pore volume rage pH value Electric conductivity Cation exchange capacity
pore diameter

YM 51.53 0.012 2 0.95 7.93+0.08a 1 170.67+21.50b 12.12+0.18a

78 11.07 0.012 6 4.56 7.44+0.02b 780.33+27.43¢ 3.55+0.06¢

HY 76.83 0.024 6 1.28 7.52+0.08b 1 988.50+2.12a 6.48+0.06b
B WS/ % A&/ % A& % B 1/ % Ak L MR/ (g kg TR/ (g kg
Biochar Carbon Hydrogen Nitrogen Sulphur Hydrogen/ carbon Total phosphorus Total potassium

rochar content content content content ratio content content

YM 51.77 1.75 1.53 0.42 0.41 2.37+0.11b 16.72+0.36a

ZS 81.75 2.15 1.12 0.38 0.32 2.15+0.11b 9.28+0.17¢

HY 69.89 2.89 2.67 0.40 0.50 3.95+0.12a 15.35+0.19b

DYM. EXFEFF% Straw biochar of Zea mays Linn.; ZS

. WIS K4k B¢ Branch biochar of Taxodium ¢ Zhongshanshan’ ;

HY ; /NS A 2% ¢

Branch biochar of Buxus sinica var. parvifolia M. Cheng. B P ARNEG FRRER T E (P<0.05) Different lowercases in the same column

indicate the significant differences ( P<0.05).
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YM: EKFEFF SR Straw biochar of Zea mays Linn.; ZS: ‘ "PILKS Kik
J% Branch biochar of Taxodium * Zhongshanshan’ ; HY . NI SR
Branch biochar of Buxus sinica var. parvifolia M. Cheng. Q: f13 Quartz;
S. 4%k Sylvite; C. JffA Calcite.
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Fig. 1 Fourier transform infrared spectroscopy ( A ), X-ray
diffraction spectroscopy (B), and Raman spectroscopy ( C) of
different biochars
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Table 2  Adsorption amounts for ammonium nitrogen and phosphorus by each biochar under different mass concentrations of ammonium

nitrogen and phosphorus (X+SD) "

XA A B/ (mg - g7")
BRI/ (mg - 1L71)

Adsorption amount for ammonium nitrogen

XTI Rt/ (mg - ¢7")

Adsorption amount for phosphorus

Mass concentration

YM A HY YM A HY
5 0.44+0.02Ae 0.41+0.03Ae 0.44+0.01Ae 0.26+0.01Ce 0.30+0.00Be 0.34+0.01Ae
10 0.93+0.01Bd 0.86+0.03ABd 0.96+0.01Ad 0.64+0.01Cd 0.70+0.01Bd 0.74+0.02Ad
40 3.60+0.03Bc 3.34+0.13Bc 3.79+0.03Ac 2.97+0.03ABc 2.94+0.01Bc 3.05+0.06Ac
80 5.50+0.33Ab 5.01+0.01Ab 5.68+0.26Ab 6.39+0.03Bb 6.41+£0.01Bb 6.52+0.05Ab
160 12.73+1.20Aa 13.45+0.26Aa 12.76+0.87Aa 13.98+0.03Aa 13.99+0.02Aa 14.05+0.05Aa

DYM. FKFE5FF5 Straw biochar of Zea mays Linn.; ZS. * 1142 £ 45 5% Branch biochar of Taxodium * Zhongshanshan’ ; HY . NI A A 5 %
Branch biochar of Buxus sinica var. parvifolia M. Cheng. [ f7 v A 6 R G B 2 [a] — b TR A [6] A= 4 e 8] 22 5 8 3 (P<0.05) Different
uppercases in the same row indicate the significant differences ( P<0.05) between different biochars in the same treatment; [@)5) A RN FhEFR R
[l — A= ¥ e A R ) Zb B ] 22 53 1 2 ( P<0.05) Different lowercases in the same column indicate the significant differences ( P<0.05) between different

treatments by the same biochar.

£33 AEIMRM AT E T &£ %3 A RABEA IR E (X+SD) Y

Table 3 Adsorption amounts for ammonium nitrogen and phosphorus by each biochar under different adsorption times (X+SD) "

XA R A B/ (mg - g7")

XTI Rt/ (mg - ¢7")

Wi BB 1]/ min Adsorption amount for ammonium nitrogen Adsorption amount for phosphorus
Adsorption time
YM Al HY YM A HY
10 2.27+0.01Ab 2.25+0.07Ab 2.35+0.07Aa 1.31+0.01Bd 1.34+0.01Ac 1.37+0.04ABb
30 1.96+0.13Abd 2.22+0.05Abc 2.23+0.16Aa 1.40+0.02Bc 1.40+0.02Bb 1.56+0.03Aa
180 2.12+0.02Acd 2.13+0.03Ac 2.15+0.01Aa 1.81+0.08Aa 1.52+0.01Ba 1.58+0.06Ba
300 2.81+0.02Aa 2.74+0.08Aa 2.68+0.49Aa 1.53+0.04Ab 1.58+0.08 Aabc 1.62+0.06Aa

D YM. EKFEFF#K Straw biochar of Zea mays Linn.; 7S * F1 142 £ 454 Branch biochar of Taxodium * Zhongshanshan’ ; HY ; N A R 4%
Branch biochar of Buxus sinica var. parvifolia M. Cheng. [F 17 H AN [6] K5 7B 327 [6] — b 3T R [R] A= 9 7% 18] 25 57+ . 3% ( P<0.05) Different
uppercases in the same row indicate the significant differences (P<0.05) between different biochars in the same treatment; []51)H AR [R]/NE FHE:H 7R
[R]— = W) e TEAS [R) Ab BR8] 22 57 1. 3% ( P<0.05) Different lowercases in the same column indicate the significant differences ( P<0.05) between different

treatments by the same biochar.
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