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Abstract

BACKGROUND: Biochar has ability to reduce N loss,
increase crop yield, and sequestrate carbon in the soil
However, there is still limited study concerning the interactive
effects of various biochars on NH; loss and plant growth. This
study, therefore, was conducted to investigate the NH,"
adsorption characteristics of biochar derived from rice and
maize residues.

METHODS AND RESULTS: By-products were pyrolyzed
under oxygen-limited conditions at 300-700°C for 1 hour and
used for experiment of NH;" adsorption in aqueous solution.
The adsorption characteristics of biochar were studied using
Langmuir isotherm. Biochar yield and hydrogen content
decreased with increasing pyrolysis temperatures, whereas
pH, EC, and total carbon content increased. The biochar
pyrolyzed at lower temperatures was more efficient at NH,"
adsorption than those produced at higher temperatures. In
addition, the Ry values, indicating equilibrium coefficient
were between 0 and 1, confirming that the result was suitable
for Langmuir isotherm.
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CONCLUSION: The maize stalk biochar pyrolyzed at
300°C was the most efficient to adsorb NH," from the
aqueous solution. Furthermore, the adsorption results of this
experiment were lower than those of other prior studies,
which were ascribed to different experimental conditions
such as ingredients, and pyrolysis conditions.

Key words: Biochar, Langmuir Isotherm, Maize Residue,
NH,4", Rice Residue
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Table 1. Adsorption isotherm classification system based on Ry value

Value of R.* Magnitude

Type of Langmuir isotherm

R >1 Greater than one
Ry =1 Equal to one

0<R.<1 Between zero to one
R.=0 Zero

Unfavorable
Linear
Favorable

Irreversible

* Ry, Equilibrium coefficient of Langmuir isotherm.

Table 2. Pyrolysis conditions and chemical properties of biochar derived from maize residue

T-N T-H

T-P,0s CaO KO NaO MgO

(%)

0.96+0.04 6.13+0.02 0.45+0.03 0.00+0.00 1.29+0.06 0.11+0.01 0.02+0.00
0.96+0.01 4.57+0.68 0.75+0.04 0.08+0.01 2.14+0.10 0.10+0.01 0.13+0.01
0.91+0.00 3.77+0.04 1.07+0.01 0.18+0.01 3.1240.08 0.11+0.00 0.21+0.01
1.0040.01 1.85+0.02 1.28+0.16 0.25+0.05 3.73+0.47 0.12+0.01 0.31+0.05
1.00+0.03 1.31+0.02 1.39+0.17 0.31£0.07 3.90+0.49 0.13+0.00 0.33+0.06
0.96+0.04 0.64+0.02 1.4440.32 0.3440.11 4.32+0.82 0.13+0.01 0.39+0.11

Feedstode 1T Yield pH EC T-C
(°Q) (%) (1:20, H,0) (dS m™)
Origin - 531+0.02 24.69+0.18 45.77+0.12
300 48451379 82910.12 15.0040.31 66.00+4.42
Maize 400  3117+153 10374048 2331+041 71.30+0.50
stalk 500 28174271 10.59+0.01 38.1840.70 75.27+0.12
600  23.68+021 11.83+0.02 56.7443.20 74.90+0.10
700 22984045 12.14+0.02 68.86+0.98 75.57+0.15
Origin - 524+0.03 1257+0.02 46.57+0.21
300  59.05+13.05 7.57+0.06 8.5040.16 58.87+0.06
Mabe cop 100 29326127 10536022 13474095 71.77:0.06

500  24.55+0.69
600  22.97+0.20
700  19.68+0.00

10.59+0.02 32.04+0.63 76.63+0.12
10.60+0.01 31.70+0.48 77.63+0.15
10.83+0.02 41.07+0.45 69.60+0.44

0.89+0.05 6.27+0.02 0.21+0.04 0.00+0.00 0.62+0.08 0.09+0.02 0.02+0.01
0.94+0.02 5.44+0.03 0.33+0.03 0.00+0.00 1.01+0.05 0.05+0.00 0.06+0.01
0.96+0.05 4.12+0.02 0.66+0.02 0.00+0.00 2.05+0.08 0.07+0.00 0.18+0.01
0.95+0.04 2.07+0.02 1.05+0.04 0.01+0.00 2.58+0.08 0.07+0.00 0.32+0.02
0.91+0.04 1.20£0.01 0.85+0.04 0.00+0.00 2.19+0.08 0.08+0.00 0.23+0.02
0.82+0.01 0.75+0.07 0.56+0.03 0.00+0.00 1.98+0.13 0.06+0.00 0.15+0.01

Abbreviation: PT, pyrolysis temperature; EC, electrical conductivity; T-C, total carbon; T-N, total nitrogen; T-H, total hydrogen; T-P,Os, total

phosphate.
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Table 4. H:C ratio of biochar produced in this experiment

aFlom, 700°CellA & wafet W2l wlo] 2ol pH 12.18 Feedstock + H:C ratio
= 7]'21— i7‘” —‘7]"3]'@1:]'. ;él H]—O]i;‘(]-gl EC+= € T']:_LBH = 300 0.83
E7F SNk wet Skske e UERiglon], 9A vio] 400 0.63
Qake] EC= W4 nfo] eape} frAkst BekS HSANE 700°C Maize stalk 500 0.29
oA A% FHAsISich T-Co] 79 Bl vlo] @alellA= 50% 600 0.21
ZHES skl on], 97 ule] @afel|Al= 500°CellA] 59.49% 700 0.10
2 7P =2 s VeIl W FAE vle] eake] T-N 300 110
7} T-P,0st= & 8 257} S7HE F7kslsl o, 700°C 400 0.68
oA AzF A nlo] e ai= 7HaEth T-HE 292 1 Maize cob 500 0.32
e ol @aksh Ak S vehiglon, o #a) Lxt 600 0.18
ZheE hashs A% vehigith 34 o) 448 700 013
Q1 IBI (International Biochar Initiative)®l+= H:C ratio igg ggg
2 olgte] nlol Ao T4 HIHS FrhOm, HC N <00 o
ratio7} 0.7 o15}e) w] wlo] @x}e] P4 qrHe] gt 00 051
5 waEgIEH27]. T2 QFAe] fHEks Hlol SR 100 700 015
W ol weliE]A] Sk AGE o qlo] Bl ﬂ‘j/] Al A E] 300 1.14
© NH, & vl o3l 7|3F 2 4 Qleh28]. & Aol A 400 0.49
4% vpo] 24+ H:C ratio= Table 4°l] YER1 O, K. Rice hull 500 0.36
5= d 8l 25271 400°C o ) IBI 7]l 72813 600 0.28
ok gk mlo]@af uf AbA $HRS A el 257} 200°C ©] 700 0.11
o7 Zlek w FASH Fashs Zog dejA lon, Abbreviation: PT, pyrolysis temperature.
Table 3. Pyrolysis conditions and chemical properties of biochar derived from rice residue
PT Yield pH EC T-C T-N T-H T-P,Os CaO KO Na,O MgO
Feedstock
(°Q) (%) (1:20, H,0)  (dS m™) (%)
Origin - 7.6640.03  51.2840.25 38.07+0.06 0.70+0.04 5.4940.04 0.3240.00 0.16+0.03 2.58+0.11 0.19+0.02 0.09+0.01
300 44.00+1.13  9.2540.01 76.7743.32 51.5740.12 0.76+0.04 4.2940.01 0.494+0.02 0.34+0.02 5.04+0.25 0.23+0.01 0.22+0.01
Rice 400 36.87+0.31 10.72+0.02 120.93+9.90 51.93+0.06 0.84+0.03 3.06+0.02 0.67+0.02 0.60+0.01 7.02+0.11 0.28+0.03 0.37+0.02
straw 500 33.60+1.73 11.4040.04 150.03+2.65 53.07+0.25 0.88+0.02 2.09+0.01 0.78+0.03 0.88+0.17 7.55+0.34 0.30+0.07 0.45+0.04
600  31.73+0.59 11.60+0.01 158.40+1.57 53.43+0.21 0.90+0.05 1.3740.01 0.80+0.04 0.94+0.10 8.45+0.30 0.31+0.06 0.50+0.02
700 29.90+0.00 12.18+0.01 169.70+1.25 52.37+0.06 1.04+0.04 0.67+0.01 0.78+0.01 1.08+0.03 9.04+0.23 0.29+0.00 0.54+0.01
Origin - 6.1040.02 7.4540.04 41.0340.12 0.2540.04 5.61+0.07 0.05+0.01 0.00+0.00 0.35+0.04 0.144+0.02 0.00+0.00
300 49.77+0.78  7.0340.01 3.4840.70 50.7740.15 0.3440.03 4.87+0.02 0.12+0.01 0.00+0.00 0.52+0.07 0.16+0.01 0.00+0.00
Rice hull 400 32.48+0.10 11.01+0.00  9.40+0.10 58.10+0.20 0.46+0.02 2.4140.03 0.1940.02 0.13+0.05 0.89+0.15 0.19+0.01 0.02+0.02
500 32.1040.20 11.1240.02 14.04+0.07 59.47+0.29 1.01+0.03 1.7940.02 0.19+0.00 0.11+0.02 0.94+0.01 0.20+0.02 0.02+0.00
600  32.05+0.66 11.21+0.01 16.09+0.26 58.90+0.36 1.12+0.05 1.38+0.03 0.18+0.01 0.09+0.01 1.00+0.04 0.18+0.00 0.01+0.01
700  30.68+0.00 11.16+0.01 15.99+0.29 59.13+0.42 0.99+0.07 0.56+0.02 0.12+0.02 0.10+0.01 1.07+0.05 0.18+0.01 0.02+0.01

Abbreviation: PT, pyrolysis temperature; EC, electrical conductivity; T-C, total carbon; T-N, total nitrogen; T-H, total hydrogen; T-P,Os, total

phosphate.
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NH," Ex28%7}
Fig. 17} Fig. 2*5 Hlo] @i 0] FiRel 9 Haf £
ato] Az vlo]oake] NH," &2 a8S Zade
9 Blasly] 91l Langmuir &350 thel gt datoleh
2(1) - AE)el A3 A= dislste] 92 718719

ol Holl HEAS F2HQW I S AsHe(b), FE
(R 2HE31310m, 71 A= Table 59} Table 6] A3
th €55 g2 AZ3 vlo] 9249 Qe 300°CeollA 700°CE
A Rl 27t S/ wel A 2171 mg / golld Hx
0.010 mg / g2 74381901, bi= 0.085-0.197 L / mgO= 5=
AETE S Sl wle] Aol M o] 9} fAKHAl 300°CollA
1288 mg / gO% 7P =2 FF G845 B3lom, 700°ColA]
0022 mg / go= 7P Axe F2 G885 Hlth ¥ Ak
(4, gA) vl eate] Ho Qu 300°Cel 27} 1.686,
0.316 mg / g°loH, FH4 Qe 700°CellA 0.127, 0.050

Table 5. Parameters calculated from Langmuir isotherm

go]3lth W2l wpo] @ 219] bi= 0.74-0.110 L / mg®
o 937 ne] 212 bi= 0.100-0.113 L / mg o=

ok 22 4 F3l 255(300°0) Al FHE2 S5 ]
B4 > S5 S > 97 £0% YEster, 600°C ©]

AR S2ES Bl 7RAukS o]8sko] NH,

SRS AR AA#e ?01]*1 oAl G el Al te] 2
Ao 28717k % i@h B 3I3IEH29]. & Al E o
woll 27 sl wet Hpoleate] 2§77} 1Hasto]
NH," &%) 74sh 2102 AR e} vpo] @219] R gk
FHZ 0.33704 Al 07412 AFEHSeH, A(G)E B3 &
E R 03} 1Afoof EotE Q) RogS &3 £ 79
Ao} Langmuir TR0 A 0] AL sk 4= ) o
Regte] 03} 1 Ate]e] 33 i v A S A
B A zsh o] @ake] F2 &8 W7k Langmuir S35
A= olgshs 2ol é%‘%% <latitkTable 1).

l>

7

PT le) bZ) ) 3
Feedstock O (ms / 8 L/ mg) R Ry
300 2.717 0.060 0.938 0.625
400 1.152 0.197 0.983 0.337
Maize stalk 500 1.086 0.035 0.956 0.741
600 0.041 0.097 0.888 0.508
700 0.010 0.103 0.979 0.493
300 1.288 0.073 0.968 0.578
400 0.776 0.097 0.950 0.508
Maize cob 500 0.280 0.100 0.925 0.500
600 0.099 0.081 0.858 0.552
700 0.022 0.090 0.569 0.526
Abbreviation: PT, pyrolysis temperature
Y Qn, Maximum monolayer adsorption amount of biochar
? b, Strength of binding between biochar and NH;"
3 Ry, Equilibrium coefficient of Langmuir isotherm.
Table 6. Parameters calculated from Langmuir isotherm
PT Qma) bb) ) 9
Feedstock ©0) (ms / 8 L/ mg) R R
300 1.686 0.074 0.995 0.575
400 0.532 0.107 0.948 0.484
Rice straw 500 0.246 0.105 0.990 0.488
600 0.126 0.104 0.896 0.490
700 0.127 0.110 0.943 0.477
300 0.316 0.105 0.978 0.488
400 0.316 0.104 0.729 0.489
Rice hull 500 0.076 0.113 0.979 0.469
600 0.053 0.100 0.973 0.500
700 0.050 0.106 0.786 0.487

Abbreviation: PT, pyrolysis temperature

¥ Qu, Maximum monolayer adsorption amount of biochar

D p, Strength of binding between biochar and NH,"
IR, Equilibrium coefficient of Langmuir isotherm.
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Fig. 1. Langmuir isotherm of NH;" on biochar derived Fig. 2. Langmuir isotherm of NH," on biochar derived

from maize residues by pyrolysis temperature. from rice residues by pyrolysis temperature.
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