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Abstract: [ Objectives ] The research studied the adsorption characteristics of rice husk biochar and three iron-

modified rice husk biochar to ammonium nitrogen. The aim was to provide a basis for using them as carbon
additives to manufacture new fertilizers. [ Methods ] Biochars (RBC, and FDRBC, FWRBC, FWBC) were

produced from rice husk without and with FeCl, through pyrolysis under an oxygen-limited condition at 500C.

The physico-chemical properties of biochar were detected by a specific surface area analyzer (BET), scanning
electron microscopy (SEM), X-ray diffractometer (XRD), and Fourier transforms infrared spectroscopy (FT-IR).

A chamber adsorption test was carried out using the rice husk biochar and three iron-modified rice husk biochars.

Langmuir and Freundlich’s equations were used to fit the isotherm adsorption data of rice husk charcoal and three

kinds of iron-modified rice husk charcoal. The quasi-first-order kinetic model and quasi-second-order kinetic

model were used to fit the adsorption data, respectively. [ Results ] 1) The iron-modified rice husk charcoal’s
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specific surface area was reduced by 2.4%—63.7%, the average pore diameter increased by 2.8%-319.2%, and
the pH reduced to about 5. 2) The adsorption ability of NH,"-N by FWRBC and FWBC was the best under the
experimental condition with a pH of 6, while FDRBC and RBC had the best adsorption effect on NH,-N when the
pH was 7. Moreover, the Langmuir equation could better simulate the process of isothermal adsorption of NH,-N
by the 4 kinds of biochar, indicating that the adsorption of NH,"-N by the biochars was mainly due to
monomolecular adsorption. 3) The maximum adsorption capacity of RBC, FDRBC, FWRBC and FWBC for
ammonium nitrogen were 2.22, 8.82, 4.67, and 3.67 mg/g, respectively. 4) The pseudo-second-order kinetics
model better defined the kinetics of the 4 kinds of biochar adsorption of ammonium nitrogen. [ Conclusions ] The
adsorption of rice husk charcoal and the three iron-modified rice husk charcoals on ammonium nitrogen is mainly
monomolecular layer adsorption, a subset of chemical adsorption. Iron-modification process enhances aperture

and pH of rice husk biochar to a different extent. FDRBC shows the best adsorption capacity of ammonium

nitrogen, so it is most prospective in increasing fertilizer’s retention ability as an additive.

Key words: rice husk biochar; iron-modified; ammonium nitrogen; adsorption
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Table 1 Basic physical and chemical properties of biochar
FEah BETLLAKIR (m%/g) FLAE (nm)
Sample BET specific surface area Average pore size pH
RBC 124+12a 872+1.6¢ 10.70+ 0.6 a
FDRBC 7.0+0.7b 36.55+28a 4.61+04b
FWRBC 121+09a 8.96 £2.4 bc 5.08+0.3b
FWBC 45+0.6¢c 12.11+09b 544+£03b
e N (%) C (%) H (%) O (%) H/C o/C
Sample
RBC 0.72+0.02a 5773+15a 3.82+0.05¢ 79+06a 0.066 + 0.002 ¢ 0.137+0.001 b
FDRBC 0.70+£0.03a 40.63+3.1¢ 391+0.14 ¢ 6.8+04b 0.096 + 0.007 a 0.167 £ 0.005 a
FWRBC 0.71+£0.05a 51.49+09b 4.14£0.07b 84+05a 0.080 + 0.003 b 0.163 £ 0.002 a
FWBC 0.72+0.02a 49.68+23b 4.61+0.05a 84+0.7a 0.093 +0.006 a 0.169 +0.007 a

& (Note) : RBC—HF7E /K Rice husk biochar; FDRBC—T Uik & #Af# ik il 4 (W 2k B P RG 52 ¢ Tron-modified rice husk biochar was
produced by dry mixed pyrolysis method; FWRBC— xUIRH i #A A7 i 4 (1 M R 7 % Tron-modified rice husk biochar was produced by wet
impregnation pyrolysis method; FWBC— A% IZ 15t it 1 il 45 10 2k MU P AF 7 7k Iron-modified rice husk biochar was produced by acid-base
impregnation modification method; [R]3$#iE J5 A [R] 7 /R AN R FEA]) 22 57 B 3 (P < 0.05) Values followed by different letters in a column
indicate significant difference among treatments (P < 0.05).
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B 1 FERRA 3 MM EEREREERA
Fig. 1 SEM images of rice husk biochar and three types of iron-modified rice husk biochar
[ # (Note) : RBC—i## Rice husk biochar; FDRBC— T 2 IR & #fif i il £ (1 kM A% 56 Sk Tron-modified rice husk biochar was
produced by dry mixed pyrolysis method; FWRBC—{ 2 i 15t #u i i ] 48 9 Bk P A 57¢ 7k Tron-modified rice husk biochar was produced by
wet impregnation pyrolysis method; FWBC— B 5t i1 4 il 4% 1 2R S RS 56 4k Tron-modified rice husk biochar was produced by acid-base

impregnation modification method.]
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Fig. 2 XRD pattern of rice husk biochar and three types of iron-modified rice husk biochar
[ (Note) : RBC—AH5%# Rice husk biochar; FDRBC—T 2R A& #1245 O 2k B ME RS 72 % Tron-modified rice husk biochar was
produced by dry mixed pyrolysis method; FWRBC—il 32 i3 #fff-12: ill £ 1) 4k U E RS 58 ¢ Iron-modified rice husk biochar was produced by
wet impregnation pyrolysis method; FWBC—R 0% 5t B 1 il 4% 1 R B M RS 5% 4k Iron-modified rice husk biochar was produced by acid-base

impregnation modification method.]
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Fig. 3 FT-IR spectra of rice husk biochar and three types
of iron-modified rice husk biochar

[# (Note) : RBC—F#f755#% Rice husk biochar; FDRBC—T 2R
A i 5 B RO ERE 5S¢ Tron-modified rice husk biochar was
produced by dry mixed pyrolysis method; FWRBC— 2012 5 #1if
9 2% B R 0o R 52 ¢ Tron-modified rice husk biochar was
produced by wet impregnation pyrolysis method; FWBC— 2 il iz it
PR ) A B B PE A 5T ¢ Tron-modified rice husk biochar was
produced by acid-base impregnation modification method.]
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Fig. 4 Nitrogen adsorption-desorption isotherms of rice husk biochar and three types of iron-modified rice husk biochar
[ # (Note) : RBC—Hi5t/% Rice husk biochar; FDRBC—T zUiR A #1751l 5 B9 2kl M R% 52 ¢ Tron-modified rice husk biochar was
produced by dry mixed pyrolysis method; FWRBC— il 312 5t #1fiff- 12 il £ 1) 4k B e RS 52 ¢ Tron-modified rice husk biochar was produced by
wet impregnation pyrolysis method; FWBC— & Hi 12 15 e 1 25 i £ B 4 e e R 52 % Tron-modified rice husk biochar was produced by acid-base

impregnation modification method.]
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Fig. 5 Pore size distributions of rice husk biochar and three types of iron-modified rice husk biochar

[ (Note) : RBC—FH7¢/4¢ Rice husk biochar; FDRBC—T 3R

B Pk £ B CPE AR 5 B¢ Tron-modified rice husk biochar was

produced by dry mixed pyrolysis method; FWRBC—il i 15t # A 12: il £ 1) 4k U E ARG 58 4k Iron-modified rice husk biochar was produced by
wet impregnation pyrolysis method; FWBC—RBE 15t 21 1 il 4% i R S RS 5% 4k Iron-modified rice husk biochar was produced by acid-base

impregnation modification method.]
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Fig. 6 Effects of pH on the adsorption of ammonium
nitrogen onto rice husk biochar and three types of
iron-modified rice husk biochar
[ £ (Note) : RBC—F5¢# Rice husk biochar; FDRBC—T =i
B IR & I R CPERG 7E S¢ Tron-modified rice husk biochar was
produced by dry mixed pyrolysis method; FWRBC—zXi5: {5t it
el £ AR Bl AR 7 ¢ Tron-modified rice husk biochar was produced
by wet impregnation pyrolysis method; FWBC—R Bz 15t sie 2= il
Mk MERG 5T ¢ Tron-modified rice husk biochar was produced by

acid-base impregnation modification method.]
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Fig. 7 Effects of contact time on the adsorption of
ammonium nitrogen onto rice husk biochar and three types
of iron-modified rice husk biochar
[# (Note) : RBC—Ff55#% Rice husk biochar; FDRBC—T iR
B I A& T R CPERG 72 ¢ Tron-modified rice husk biochar was
produced by dry mixed pyrolysis method; FWRBC—. 317 5 #fit
Petfil 25 B R MERB 5 % Tron-modified rice husk biochar was produced
by wet impregnation pyrolysis method; FWBC—i2 01 5 st 1 il
R RS 5E 7% Tron-modified rice husk biochar was produced by

acid-base impregnation modification method.]
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Fig. 8 Effects of initial concentration on the adsorption of
ammonium nitrogen onto rice husk biochar and three types
of iron-modified rice husk biochar
[ 4 (Note) : RBC—AH7E/k Rice husk biochar; FDRBC—F iR
B IR A I B CHERG 52 ¢ Tron-modified rice husk biochar was
produced by dry mixed pyrolysis method; FWRBC—JR 3% 15t 4 fi#
Tl £ B BR Bl M AR 7S S Tron-modified rice husk biochar was produced
by wet impregnation pyrolysis method; FWBC—R i i 757 e 1 72 1l
£ ARG 7 % Tron-modified rice husk biochar was produced by
acid-base impregnation modification method.]
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Fig. 9 Langmuir (a, c, e, g) and Freundlich (b, d, f, h) isotherm of ammonium nitrogen adsorption onto rice husk biochar
and three types of iron-modified rice husk biochar
[ (Note) : RBC—AH5%# Rice husk biochar; FDRBC—T 2R A& #A i 2 il 45 O 2k B ME RS 72 % Tron-modified rice husk biochar was
produced by dry mixed pyrolysis method; FWRBC—il i 5 #fff-12: ill £ 1) 4k U E RS 58 ¢ Iron-modified rice husk biochar was produced by
wet impregnation pyrolysis method; FWBC—RR iz i UM 1k il £ 1 Bk UM A 52 B¢ Tron-modified rice husk biochar was produced by acid-base

impregnation modification method.]
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Table 2 Simulation of isothermal adsorption model and corresponding parameters

B, Langmuir/5 f# Langmuir function Freundlich /5 # Freundlich function
Sample K, G R K. n R?
RBC 0.031 2.224 0.987 0.171 2.141 0.855
FDRBC 0.015 8.820 0.955 0.218 1.143 0.777
FWRBC 0.016 4.671 0.977 0.145 1.560 0.867
FWBC 0.022 3.674 0.984 0.192 1.812 0.847

£ (Note ) : RBC—Hg72#% Rice husk biochar; FDRBC—Tz(iR

A P & kB M E RS FE 5% Tron-modified rice husk biochar was

produced by dry mixed pyrolysis method; FWRBC— xUIRH #A A7 i 4 (1 M R 7 ¢ Tron-modified rice husk biochar was produced by wet
impregnation pyrolysis method; FWBC— A% I 15t it 1 il 45 1 2k MU P AF 7 7k Iron-modified rice husk biochar was produced by acid-base

impregnation modification method.
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Fig. 10 Pseudo-first order kinetics sorption (a, c, e, g) and pseudo-second order Kinetics sorption models (b, d, f, h) of

ammonium nitrogen adsorption onto rice husk biochar and three types of iron-modified rice husk biochar

[ # (Note) : RBC—Fi5¢# Rice husk biochar; FDRBC— T 20 & #fif vk il £ i &k i MRS 72 %% Tron-modified rice husk biochar was
produced by dry mixed pyrolysis method; FWRBC—il 312 5t #1fiff-12: il £ 1) 4k B RS 52 ¢ Tron-modified rice husk biochar was produced by
wet impregnation pyrolysis method; FWBC— & Hi 12 15 e 1 25 1) £ B 4 e ME R 52 % Tron-modified rice husk biochar was produced by acid-base

impregnation modification method.]
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Table 3 Kinetics parameters based on pseudo-first-order and pseudo-second-order kinetics models

RS, 156240 Experimental parameter WE—2 3 1275 7 Pseudo-first order WE 2% 3 )12 77 F£ Pseudo-second order
Sample pH e (M/E) k (min) g, (mg/g) R k.[g/(mgmin)]  g... (mg/g) R
RBC 7 1.55 0.0034 0.784 0.738 0.0122 1.566 0.995
FDRBC 7 5.42 0.0030 0.761 0.666 0.0301 5.335 0.999
FWRBC 7 2.22 0.0040 1.030 0.666 0.0195 2.279 0.996
FWBC 7 2.45 0.0040 0.867 0.784 0.1113 2.474 0.998

¥ (Note) : RBC—AH7E & Rice husk biochar; FDRBC—T TR A& #fiff 12 il 45 (10 2 MU AF 72 % Tron-modified rice husk biochar was

produced by dry mixed pyrolysis method; FWRBC—R 31 15t vfig 2 il 4 po b
impregnation pyrolysis method; FWBC—RRBH IR 15t i P 725 il & R e vk fig 7

impregnation modification method.]
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