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Effects of Poplar Wood Biochar on Northeast Region Black Soil
Adsorbing Nitrogen in Pig Biogas Slurry
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Abstract; Poplar wood biochar was added as adsorbent into two types of northeast region black soil
(loamy and sandy) to investigate the effects of poplar wood biochar on black soil adsorbing ammonium
and nitrate nitrogen in pig biogas slurry, and the adsorption mechanism was studied by using oscillation
method. Commercial activated carbon was used as a standard for comparison. The effects of the particle
sizes (0.25 mm, 0.5 mm and 1 mm) and addition proportions (2% , 5% and 10% ) of commercial
activated carbon and poplar wood biochar, the initial mass concentration of pig biogas slurry, the
oscillation time and the oscillation temperature on black soil adsorbing ammonium and nitrate nitrogen in
pig biogas slurry were studied systematically. The adsorption mechanism was analyzed by different

isothermal and kinetic adsorption models. The results showed that the smaller particle sizes and the more
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addition proportions of commercial activated carbon and poplar wood biochar led to better ammonium and
nitrate nitrogen adsorption capacity of black soil in pig biogas slurry. And 0. 25 mm particle size and 10%
solid weight ratio were optimum addition treatment for commercial activated carbon and poplar wood
biochar. Under optimum addition treatment, the ammonium and nitrate nitrogen amount adsorbed by
black soil with poplar wood biochar addition were higher than that by pure black soil by 388.7% ,
296.3% (black loamy soil) and 453. 13% , 333.33% (black sandy soil) , and were lower than those by
back soil with commercial activated carbon addition by 19.71% , 10.08% ( black loamy soil) and
12.38% , 7.14% (black sandy soil ), respectively. However, the effects of poplar wood biochar and
commercial activated carbon on the ammonium and nitrate nitrogen concentration of pig biogas slurry after
adsorptive stability were not significantly different, and all the differences were less than 2.5% . The
ammonium nitrogen amount adsorbed by the pure black soil, the pure commercial activated carbon and
pure poplar wood biochar and the black soil with commercial activated carbon and poplar wood biochar
addition were all increased as the increase of temperature, posing endothermic reaction. While the nitrate
nitrogen adsorption amount showed a decreasing trend as temperature was increased, posing spontaneous
exothermic reaction. Furthermore, the ammonium and nitrate adsorption processes showed three stages of

fast adsorption, slow adsorption and balance. The adsorption models of Freundlich, Langmuir and

described the

black soil added with commercial activated carbon and poplar wood biochar

Pseudo-second order isothermal adsorption characteristics and kinetic adsorption
characteristics of the
However, Freundlich was

adsorbing ammonium and nitrate nitrogen in pig biogas slurry precisely.

superior to Langmuir. Therefore, there were multi-layers uneven physisorption reaction and monolayer
chemisorption reaction during the ammonium and nitrate adsorption process, concurrently. The more
adsorption amount was, the more desorption amount was, but the desorption amount was much less than
the effective adsorption amount. The effective ammonium and nitrate nitrogen adsorption amount of black
soil with poplar wood biochar addition were lower than those of black soil with commercial activated
carbon addition by 14.57% , 9.19% (black loamy soil) and 5.34% , 5.74% ( black sandy soil ).
Poplar wood biochar was favorable for improving the nitrogen adsorption capacity of northeast region black
soil and decreasing the nitrogen loss of pig biogas slurry. The results provided good insights into
improving the northeast region black soil by using poplar wood biochar and pig biogas slurry.

Key words: poplar wood biochar; northeast region black soil; pig biogas slurry; nitrogen; isothermal

adsorption characteristics; kinetic adsorption characteristics
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Fig. 1  Effects of particle sizes and addition proportions of
commercial activated carbon and poplar wood biochar on

adsorption amount of ammonium and nitrate nitrogen
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Tab.1 Isothermal adsorption parameters of black soil added with commercial activated carbon and poplar wood

biochar adsorbing ammonium and nitrate nitrogen in pig biogas slurry

S5 T W o A 8 14 S8 AERA AL | 5 T O A A5 2 i SR ABR AR
k 0.059 4 0.0116 ¢/(mg-kg™") 1092.3000 1490.417 6

4l DA 18 - n 0.9752 0.9885 TEMEAR + A K 0.000 000 6 0. 000 287
R 0.999 7" 0.999 9 *** R? 0.999 6 ***  0.999 9 ***
k 0.048 5 0.009 9 ¢/(mg-kg™') 1246.7000 1353.4816

2l B 1 n 0.9742 0.9849 W + D+ K 0.000 000 4 0.000 273
R? 0.999 7 " 0.999 9 *** R? 0.999 2" 0.999 9 ***

k 0.897 1 0.1123 Langmuir ¢/(mg-kg™') 1788.5700 1235.554

4l M n 1.103 2 1.1009 WARR + B+ K 0. 000 0003  0.000 255
R? 0.999 8 ***  0.999 9 *** R? 0.999 5" 0.999 9 ***
k 0.8217 0.1009 ¢/(mg-kg™") 1103.1900 1192.4515

4lif% A I n 1.0989 1.098 7 AR + Bab+ K 0.000 004  0.000 253
Freundlich R? 0.999 6" 0.999 9 *** R? 0.999 3" 0.999 8 ***

k 0.565 4 0.0519 A/(L-mg~") 0.0297 0.8103

TEER + B n 0.975 4 1. 006 9 il 4 - B 13.380 1 0.0799
R? 0.999 8" 0.999 9 *** R? 0.8445" 0.8571"

k 0.429 1 0.048 8 A/(Lemg~') 0.0294 0. 804

TR + B n 0.978 8 1.001 2 4l A 1 B 11.168 1 0.0711
R? 0.999 6™ 0.999 9 *** R? 0.8444  0.8542*

k 0.397 4 0.046 2 A/(L-mg™') 0.1876 1.7245

WA + B+ n 0.9839 1.000 7 407 PR B 197. 083 1.2157
R? 0.999 7 ** 0.999 9 *** R? 0.8679" 0.8412"

k 0.353 6 0.043 8 A/(L-mg~') 0.1674 1.6877

MR ® + BAb+ n 0.9889 1. 000 4 4l AR e B 182. 455 1.1879
R? 0.999 6" 0.999 9 *** R? 0.8504" 0.8099"

Temkin

¢/(mg-kg™') 132.0969  520.234 A/(L-mg~") 0.0439 0.8398

4fi SR - K 0.000 001  0.000 196 TEMER + B 83. 6427 0.3525

R? 0.999 5" 0.999 9 *** R? 0.8559"  0.8557"

¢/(mg-kg™') 163.0240  481.554 A/(L-mg~") 0.0396 0.8377

i MR - K 0.000 0004 0.000 176 B + B+ B 72.943 7 0.3317
Langauuis R? 0.999 4™ 0.999 9 *** R? 0.8604 " 0.8557*
¢/(mg-kg™') 3020.3240 2465.832 A/(L-mg~') 0.0391 0.8347

a0 3 K 0.000 002  0.001 354 ARk + BIEL B 66.9927 0.3169
R? 0.999 8 ** 0.999 9 *** R? 0. 854 * 0.855 "

¢/(mg-kg™') 2986.0330 2449.021 A/(L-mg~') 0.0376 0.8315

4lif% A I K 0.000 003  0.001 099 AR + B+ B 63.614 3 0.307 4
R? 0.999 7 *** 0.999 9 *** R? 0.8569" 0.849 1"

T wxx Fon P <0.001, xR P<0.01, F[d,

[, 2 AR S A A W 2 i k(A 0 KNI T 5
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Tab.2 Kinetic adsorption parameters of black soil added with commercial activated carbon and poplar wood
biochar adsorbing ammonium and nitrate nitrogen in pig biogas slurry
EIVIES N EIPIES -
+-3 ZH BER A A +-3 S8 BER A A
R R
kl/min_l 0.03 0.2591 o/ (mg-kg ™" +min~") 8.2173 647. 16
s 0/ (mg-kg™!) 44.6172 22.946 EAIRTs: B/ (kgemg™") 0.1365 0.033 4
R? 0.9582*"  0.8274™ R 0.8673* 0.638 4
ky/min ! 0.030 6 0.2312 o/ (mg-kg ™ +min~") 5.8385 265. 96
afi AL+ 0/ (mg-kg™!) 37.2832 20.618 4l SRS 4 B/ (kg-mg™") 0.1572 0.0339
R? 0.9785™  0.8396" R 0.8624™ 0.6159
ky/min ! 0.12 0.986 5 o/(mg-kg 'emin ')  21463.103  82052.55
IR Ebrd 0/ (mg-kg™") 1013.475  459.9723 Sl T B/ (kg-mg™") 0.6133 0.098 8
R? 0.9614*  0.8873" R 0.6433 0.424 1
ky/min~! 0.11 0.963 2 o/ (mg-kg ™ emin ') 19272.099 80 091.091
5 alitg A 0/ (mg-kg™") 972.229 443. 421 Elovich gl A B/ (kgrmg™") 0.5933 0.0771
W — slovic!
o R? 0.951 ™ 0.813 " g2 R? 0. 767 0. 442
] 2%
ky/min~! 0.129 1.1658 o/(mg-kg 'emin ') 10320.311 53 069.53
& R + 0/ (mg-kg™") wss0s  nnse | 0 RS B/ (kg-mg™") 0.0426 0.0154
o mg-Kg . . o g mg . g
B+ BT
R? 0.8076™  0.8611* R 0.649 4 0.424 1
ky/min "' 0.063 1 1.1012 o/ (mg-kg ™" min ") 363.995 6 51 501. 07
LS Q/(mg-kg™") 236.617 4 102. 09 L B/ (k ) 0.035 0.017 5
mg* kg - - g-mg . X
Wt bt
” R 0.8366* 0.863* ” R 0.774 4 0.4215
\/min X . o/ (mg-kg ™" *min "~ . .
ky/min "' 0.043 1 1.0554 g kg ! ! 107.6088  47519.21
A s % 0/ (mg-kg™") 224.809 9 99. 945 b+ B/ (k -1y 0.0316 0.0182
- mg-kg g - - g mg - -
Ht ey
R? 0.8999"  0.8762* R? 0.764 4 0.4153
ky/min~! 0.0414 1.017 1 o/(mg-kg 'emin ') 93.5276  37062.07
DA+ 0/ (mg-kg™") 209. 479 7 96. 822 A+ B/ (k -1y 0.0336 0.0186
mg- kg . . g mg . .
b+ bt
- R? 0. 903 = 0.868 6 * o R 0.797 3 0.4007
ky,/(kg'mg™'+min~')  0.0009 0. 000 3 — k,/(mg-kg™'-min %) 1.8667 s
4l e - /(mg-kg™") 48.3329 27.48 - R 0.0229 -1.015
Q/ (mg-kg
R 0.9504 **  0.960 6 *** — k,/(mg-kg ™" min %) 1.5555 10. 17
ky/(kgrmg ™' +min~") 0. 001 0.000 4 i R 0.098 6 ~0.684 6
i Bt Q/(mg-kg™") 40.490 1 24. 648 P k,/(mgekg ™ emin""%) 34,231 102. 34
R? 0.9577 " 0.95 " ] ‘ R 0.056 8 -0.8775
k,/ (kg-mg ™' +min ") 0.0029 0.001 6 k /(mg-kg™ +min %) 33,111 91. 89
Wk dibAs
i ks afi 5
aliiE PR 0/ (mg-kg™") 1 016. 488 463.112 i R? 0.082 1 ~0.632
R 0. 959 *** 0.96 ** ;ﬁu Es+ k/(mgrkg ™' eminT%7) 12,1837 52.42
"
k,/(kgemg ™' +min~") 0.0027 0.001 2 g 4 R’ ~3.2949 -6.683 1
— sl A 0/ (mg-kg™") 979.9 448.201 R+ k,/(mgekg ™ eminT%%)  10.336 1 49.37
W 4
o i b R 0.967**  0.9521* Rt R -1.2772 -6.458
b A5
o S ky/(kgemg ™' +min ") 0.0007 0.000 4 WA# +  k,/(mg-kg™ -min ") 9.5388 0.047 3
4 MR +
g 0/ (mg-kg™") 284.1957 120. 56 g+ R -0.6679  -6.3767
R
R? 0.9535™*  0.9522** WA+ k,/(mg-kg™ -min %) 8.9102 45.7
o ky/(kgrmg ™ '-min~')  0.0004 0. 000 4 b R -0.5697  -6.0594
e oy 'y'_t +
Hi‘ljz 0/ (mg-kg™!) 249. 865 7 113. 068
Rt
R? 0.9537*  0.956*"
k,/ (kg-mg ™' +min ") 0.0003 0.000 4
AR IR +
0/ (mg-kg™") 239.069 2 108. 381
Rt R , v
R 0.9625*  0.9504
ky/(kgemg ™' +min ") 0.0003 0.000 4
PAs + / kg ™! 222.9708 104.5
e Q/(mg-kg™") . .
R? 0.9648"  0.9559 ™"
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Fig.5 Ratios of desorption amount to adsorption amount and

effective adsorption amount of ammonium and nitrate nitrogen
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