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Avrticle type: Background and Objectives: Most of the research carried out on biochar-
Full Length Research Paper jron oxide/hydroxide composites (BC-FeOX) have focused on the removal
of phosphorus from polluted environments. However, by examining the
release kinetics of loaded phosphorus on biochar-iron oxide/hydroxide
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gr:viprgcl’gz:eriﬁi’fzg"de'S’ phosphorus release kinetics over time from phosphorus-containing
composites based on biochar-iron oxide\hydroxide as a factorial-split plot
design. The experimental treatments were two levels of biochar (residuals
of wheat straw and walnut shell), four levels of iron oxide\hydroxide
(goethite, hematite, ferrihydrate and magnetite), four levels of phosphorus
(0, 5, 10 and 20% by weight) as triple superphosphate (TSP) and two
methods of making composite (coated form and granulated form). In the
granulation method, the powdered mixture of TSP and BC-FeOX was used
as the granulation core until the formation of granule cores with a diameter
of 4-3.5 mm. In the coating method, until the formation of granules with a
diameter of about 2.8 to 3.3 mm, only TSP powder was used and then
BC-FeOX powder was used for coating. Phosphorus release kinetics at
0.25, 0.5, 1, 6, 12, 24, 48, 72, 120 and 240 hours were obtained by plotting
the changes of phosphorus concentration against time.

Results: The results showed that the phosphorus release rate over
time from composites containing phosphorus based on biochar-iron
oxide\hydroxide was higher at the beginning of the experiment compared
to the duration of the experiment. In the treatments containing wheat straw
biochar, the phosphorus release percentage was 3.8% lower than the
treatments containing walnut shell biochar. By increasing the level of
phosphorus in composites, more phosphorus percentage was released, so
that the average percentage of phosphorus released from fertilizer
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composites containing phosphorus levels of 0, 5, 10, and 20% at 1 hour
after the start of the experiment was 2.1%, 9.2%, 15.3%, and 18.4%
respectively. The order of phosphorus release during the experiment in
treatments containing iron oxide\hydroxides was magnetite > hematite >
ferrinydrate > goethite, so that after 24 hours from the start of the
experiment, the phosphorus release percentage for magnetite, hematite,
ferrihydrate and goethite in granulated form was 75.8, 73.8, 67.6 and
65.9% respectively and it was the coated form 45.9, 38.8, 36.3 and 36.7,
respectively. Actually the percentage of phosphorus release in coated form
composites was significantly higher than granular form composites from
the start of the experiment until 24 hours, but after this time there was no
significant difference. The fitting of different kinetics models showed that
the best model for phosphorus release from phosphorous composites based
on biochar-iron oxide\nydroxide was the nonlinear pseudo-first-order
equation (r?=0.99). However, two models of parabolic diffusion (r’=0.94)
and Elovich equation (r’=0.97) also showed a very good fitting for
phosphorus release from composites. So, the order of the best fitted models
for the phosphorus release from composites was nonlinear pseudo-first-order
equation > Elovich equation > parabolic diffusion model > linear equation.

Conclusion: In conclusion, the unique role of engineered biochar by iron
oxide\hydroxides can provide a place to carry phosphorus as an essential
nutrient for plants in order to improve the efficiency use of fertilizer, and
for practical application in agricultural lands, it is necessary to do more
field and supplementary work as well as long-term evaluation of the use of
such fertilizers in the environment of plant growth.
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Table 1. Analysis of variance the effect of biochar type, phosphorus level and iron oxide\hydroxide on pH, EC,
phosphorus and iron of composites based on biochar-iron oxide\hydroxide.
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Figure 1. pH and electrical conductivity (EC) of phosphorus composites based on biochar-iron
oxide\hydroxide (P0: non-phosphorus fertilizer; P5: 5% phosphorus fertilizer; P10: 10% phosphorus
fertilizer; P20: 20% phosphorus fertilizer).
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Figure 2. The effect of walnut shell biochar and wheat straw residue on pH (a) and electrical conductivity (EC)
(b) of phosphorus composites based on biochar-iron oxide\hydroxide.
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Figure 3. The average comparison of the effect of iron oxide\hydroxides on pH (a) and electrical conductivity
(EC) (b) of phosphorus composites based on biochar-iron oxide\hydroxide.
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Figure 4. Phosphorus (P) and iron (Fe) content of phosphorus composites based on biochar-iron
oxide\ hydroxide (PO: non-phosphorus fertilizer; P5: 5% phosphorus fertilizer; P10: 10% phosphorus
fertilizer; P20: 20% phosphorus fertilizer).
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Figure 5. Phosphorus release percentage from phosphorus composites based on biochar-iron oxide\hydroxide
in water during 0 to 250 hours (a), 0 to 24 hours (b) and 0 to 1 hours (c).
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Figure 6. The average comparison of the effect of biochar on the percentage of phosphorus release
from phosphorous composites based on biochar-iron oxide\hydroxide during time 0 to 240 hours (a)
and 0 to 24 hours (b).
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Figure 7. The average comparison of the effect of phosphorus levels on the percentage of phosphorus release
from phosphorous composites based on biochar-iron oxide\hydroxide during time 0 to 240 hours (a) and 0 to
24 hours (b). (0%: composites without phosphorus fertilizer; 5%: composites containing 5% phosphorus
fertilizer; 10%: composites containing 10% phosphorus fertilizers; 20%: composites containing 20%

phosphorus fertilizer; TSP: triple superphosphate fertilizer).
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Figure 8. The average comparison of the effect of iron oxide\hydroxide on the percentage of phosphorus
release from phosphorous composites based on biochar-iron oxide\hydroxide during time 0 to 240 hours (a)

and 0 to 24 hours (b).
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Figure 9. The average comparison of effect of fertilizer type (coated, granulated and triple superphosphate
(TSP)) on the percentage of phosphorus release from phosphorous composites based on biochar-iron
oxide\hydroxide during time 0 to 240 hours (a) and 0 to 24 hours (b).
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Figure 10. Parabolic diffusion models (a), Elovich equation (b), non-linear pseudo-first-order equation (c)
and linear equation (d) fitted in phosphorous composite based on biochar-iron oxide\hydroxide and triple
superphosphate fertilizer (TSP) in 0 to 24 hours.
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Figure 11. Parabolic diffusion models (a), Elovich equation (b), non-linear pseudo-first-order equation (c) and
linear equation (d) fitted for wheat straw biochar and walnut shell biochar in phosphorous composite based on
biochar-iron oxide\hydroxide in 0 to 24 hours.
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Figure 12. Parabolic diffusion models (a), Elovich equation (b), non-linear pseudo-first-order equation (c)
and linear equation (d) fitted for goethite and magnetite in phosphorous composite based on biochar-iron
oxide\hydroxide in 0 to 24 hours.
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Figure 13. Parabolic diffusion models (a), Elovich equation (b), non-linear pseudo-first-order equation (c) and
linear equation (d) fitted for coated and granulated forms in phosphorous composite based on biochar-iron
oxide\hydroxide and triple superphosphate fertilizer (SPT) in 0 to 24 hours.

C)’Lp\ )l?.j:-’jjla'j:‘ aS sl Olis ﬂl} J:"A}J“:’.
5oy il el glanS s ua/anst L ool
Olpee Al S & Cond hdy (6355 CujgmS
Clis @l sls Jrals OF s 1y s g3kl
sy ol b ilesl 5s O Js ales b Laud gslula,
2 des clad paw glas S glacyjpeS 4 S
ok 5 oA S 5 508 ey lalr e &l

DA

Slacy S &S sy QLS ol jasih @L:_}

338 Congy) il slajlr g 5l eld w355
18 Sl a3 YO0 5y (e s (oS IS
Slosar divy Ssline glad gl Shy bl
4 Cans pkS S e 5 EC 5 pH sl



VLYY a)h».fs NE D)sbc)l..\g“g:.\gfsdl&%ﬁ.\n 4?.)'“‘”

05 oS VIOTA @ Sl by Gl
S dizged SIS s OISk nl ke
s eSS 5 ol glesll Ol
Sy he ;3 044 B YAY Ol 4y jaud Lodl oo
5000 Ll i Gl st sla,ds &S
C‘y&.p\ e CoameS Sl eslatal (YY) O, Ken
slegdig LayuS 558 s gl 1y wy S Lol
s sheslaad S8 S 5l gk 4 sl
e 35S &S céjiih b o5 (Fe) sly il
(HsPOs) b Lot 28 (OS2 e
Seeal lola, (00 S35 Cod L) W3 W
V) el o Ao b o gl liglesl 55 jans
Ol ol bl 5letsl Cos 4 il b
Gl sl (9355 ety eSS 2500 Olpe
ol olala,y (pal AS g s/ a Sl g
WS iy gl Lol oo SV sb el gl 1 i
AR 5 oS S s sl 5l s ss
2RO 1 G b gl o5l Sl
role ol S Ol 4 sl el LS
sle ole gl co S Esl (ol
M ol jole S eslinal (Gose e s s
Ll clllen; 5 Vo phe ol
S 3 Ol ek Slaes 5ol e
wls (F19) 0hKes 5 o (FY) 555 Jlb
b ze gl ole gl ol Jab&)bﬁ
SGosb 4 Ml by 5 ad O35 bl
ol D gl gl Gl bl
e L R g R
ey ol gl o3l b 5 el glaes S
03 e ol il (YY) ol e jid 5 O35 0
e ol S ol Ol s ey el
O o K b SOkl Sl Cler b g il

(V) 553 0 J 28 58 a0 ssls 5 i

\A)

Wl i Jla pal gladaS s am/ st L
i 3lala; Ol Clon 5 uliKe (o3 S
2B L e sl S sl el T Jske s
K.J Llisl cpl y il calks s OIS st
ol @3 Sl sn g5 50 (VYY) O
ChB e 5 oAl G ladS] L e
Sl 5 SAT St £ 55 55 53 Sbt jied o 2
03558 (V) wsls J1 3 vy 3,5 ($5,0lS
Slymme Sl Cel S 4 sl Sl e
dSh s S Jb s A e LB aus
Aed g L L s BB A (6l e (513
o Jlne 5 Son ol By s sl el
5 &S Gl Lid ey U das e oill O 4
s 8 e s S5 ke ObLS (¢l Lol
cd@J sl s aas eS| ;s")‘;’“j
Aed Sl e A sbe Sl slas g
kS SladeSTssds 5 bS] b g ol CS
ol a3 G e Gk 3 L el L
ol (gl p s 5 .S S olS W, 4 5 L
S Cu e Gl b gl lS s
bt NS s g 3 Shs Sl ol
i el 5 ol oS A il 5 s
W 5 K (M)l ol S £
S Ll (YY) ohKes 5 55 5 (YY)
235 b Glye Klge IS 5 e b
Sl sl Sb s s e i il e
basl el (YA 5 YY) das [halS |y padols
OS5 o8 Sl Sl eslital e 5 08l Ll
Sl S e ey [ Sl il gl
Vpors o Sloslrsm & 35 ams Ol
5o L Lol 5 58 &S aas e OLES |y e pe ol
.(\“\)J&Sda;j.bua S il 58y Cu ple
S Waged SIS (VW) 0L 5 o

Lol O edd ol s slacy )5S



OlKed g (59 md w12 Baawr [ e 413 y0ud BC0 9005 51 pund (g5Lwld ) Sl

(Y2¥) 0L Ken 5 KI5 Ll s cpad 3 330 S 925
3 Ses 5 odr S Lol sl p addlae S o
(oSl =l CoiseS s xSl
JASt s g5 Ll oAl A4Sy
TR TP MGIEL VR Y R FPU W
o Colea—lrgn 5 (Sl ey
S8 48 Kty 4 ol 4 ool (FE) s sed
O i ipS 5 CoisS oy Slind Cle oo b
oL b alesl E oS bl Gl CuliSe baw g

() sl callas

IS (5 5 o

S 2500 Olge U IS St S0

ol Sl eis w5 b 03 4 e SN
b Al ol (S s s/ ST Lo s el
\) _\,)S )‘ oalaiul &US S 4 )}.Ja..’w LS QLAL“S/ é\j
ah Gt glasss ol SlaS oal 3 Ll 5
oS gl ol o zes B 2alS @ Ol 5 s oS
)L. 9 C ) Ja.;;u UJ}M objﬂ culﬂ) J)l; BE
5l S w55 0 ge0 oyl bOT a5 LG (gslasl
g LS gl Lage Ay s O3
S S Mg Al ASsaa/ A Skl s
S35 U oS A3l ba,uS Glas S ags sl ool
L ossed ade YU s ail oLl odSKs 5 i85 e
)l}..j:‘ﬁf k;\;’.w 6@)&5 éL&J)S W); 349 U'i‘
03 oge WS Glagas 5o Jes 508 Gl
SLlS plil dussli aS s 5bay il e adsl J1 e
ekl SLosl s SAe A5 s Sl
QLS i)y lass 5 las S o Gl eslinad

Al o

Yy

Aedme SR L o bl s
S A A Sl s il (6055 Sl seS
Sl os S Solwslsl S pes pond Ol e JzT
b e Ay Sl ) 38 g
o Wl S Dlid s 5 ol S 5 pdn/ 1S
35 5 Al ASds ASh g ol en @
doss WS oy Sl Jsess
Ll Jbjied (05 ety S 5l jiud gilula,
Ol 51 a8 sl OLas alinS 5 s/ dnSh s 4o
Aoy bl 5l e cele YE B bl g
@ S iy G 3aeS 53 il (Slula,
By Sk Sl s 4 SIS ey seS
b ilalay Ao s Jiib:ﬂ Jsbk CL;.? 23 e
—lrsm sl IS 5 il gl eSS
Slid s 355 4 Comd Al LS5/ S|
5SS s Bl s e FeS s
Db e Gty sy S L (VoY) O e
L5350 4 Jus olid s L
2 (P35 Ao, Y0 510 0) ol a5 (il
s=lsl L0) w plonil i ol St
(il Jyl csl 1/ s &S sl Ol S
wl Ui oS (o Slad e gl s
S ol wl Jloaed 58 5 IS s
ST 1y Sied IS 5l dsns YU 5 AY QY LS5 @
Clied g a b O3 D s S
Cope 4 Ghes |y Lid Ll o g
o33 sy olasnd glasss sl lals Al
Osee (ieS Dlrsm s 7O 5 Ay 10 L odd
L3 S &l i gslala,
b eled o b ilula, i W3l o
oAl S us/ast Gless b bl

< s 5 Sl Sk Do s



VLYY a)h».fs NE D)sbc)l..\g.lg:.\ﬁ’jfg‘suagﬁ.\n 4.1).»»

1.Fan, B., Wang, J., Fenton, O., Daly, K.,
Ezzati, G., & Chen, Q. (2019). Strategic
differences in phosphorus stabilization by
alum and dolomite amendments in
calcareous and red soils. Environmental
Science and  Pollution  Research.
26 (5), 4842-4854. https://doi.org/10.
1007/s11356-018-3968-9.

2.Lehmann, J., & Josep, S. (2015). Biochar
for Environmental Management: Science,
Technology and Implementation, 2 ed.:
Routledge. London. 944 p.

3.Woolf, D., Amonette, J. E., Street-Perrott,
F. A., Lehmann, J., & Joseph, S. (2010).
Sustainable biochar to mitigate global
climate change. Nature Communications,
1, 1-9. https://doi.org/10.1038/ncomms
1053.

4.UN. (2015). Transforming our world:
The 2030 Agenda for Sustainable
Development. UN.

5.Hou, D., O’Connor, D., Igalavithana,
A. D., Alessi, D. S., Luo, J.,, Tsang,
D. C. W.,, Sparks, D. L., Yamauchi, Y.,
Rinklebe, J., & Ok, Y. S. (2020b). Metal
contamination and bioremediation of
agricultural soils for food safety and
sustainability. Nature Reviews Earth &
Environment, 1, 366-381. https://doi.org/
10.1038/s43017-020-0061-y.

6.Chen, L., Chen, X. L., Zhou, C. H., Yang,
H. M., Ji, S. F,, Tong, D. S., Zhong,
Z. K., Yu, W. H., & Chu, M. Q. (2017).
Environmental friendly montmorillonite-
biochar composites: Facile production
and tunable adsorption-release  of
ammonium a phosphate. Journal of Cleaner
Production, 156, 648-659. https://
doi.org/10.1016/j.jclepro.2017.04.050.

7.Hu, P., Zhang, Y., Liu, L., Wang, X.,
Luan, X., Ma, X., Chu, P. K., Zhou, J.,
& Zhao, P. (2019). Biochar/struvite
composite as a novel potential material

for slow release of N and P.
Environmental Science and Pollution
Research, 26, 17152-17162. https://

doi.org/10.1007/s11356-019-04458-x.
8.Wang, L., Ok, Y. S., Tsang, D. C. W.,
Alessi, D. S., Rinklebe, J., Masek, O.,
Bolan, N. S., & Hou, D. (2021). Biochar
composites: Emerging trends, field

&bo

)3

successes and sustainability implications.
Soil Use and Management, 38, 14-38.
https://doi.org/10.1111/sum.12731.

9.Alam, M. S., Bishop, B., Chen, N., Safari,
S., Warter, V., Byrne, J. M., Warchola,
T., Kappler, A., Konhauser, K. O., &
Alessi, D. S. (2020). Reusable magnetite
nanoparticles—biochar composites for the
efficient removal of chromate from water.
Scientific Reports, 10, 19007. https://
doi.org/10.1038/541598-020-75924-7.

10.Chen, X., Dai, Y., Fan, J.,, Xu, X.,, &
Cao, X. (2020). Application of iron-
biochar composite in topsoil for
simultaneous remediation of chromium-
contaminated soil and groundwater:
Immobilization mechanism and long-
term stability. Journal of Hazardous
Materials, 405, 124226. https://doi.org/
10.1016/j.jhazmat.2020.124226.

11.Diao, Z. H., Zhang, W. X., Liang, J. Y.,
Huang, S. T., Dong, F. X., Yan, L.,
Qian, W., & Chu, W. (2020). Removal
of herbicide atrazine by a novel biochar
based iron composite coupling with
peroxy-monosulfate  process  from
soil: Synergistic effect and mechanism.
Chemical Engineering Journal,
409, 127684. https://doi.org/10.1016/
j.cej.2020.127684.

12.Park, J. H., Wang, J.J., Xiao, R., Tafti,
N., DeLaune, R. D., & Seo, D. C.
(2018). Degradation of orange G by
Fenton-like reaction with Fe-impregnated
biochar catalyst. Bioresource Technology,
249, 368-376. https://doi.org/10.1016/
j.biortech.2017.10.030.

13.Qin, Y., Wu, X., Huang, Q., Beiyuan, J.,
Wang, J., Liu, J., Yuan, W., Nig, C., &
Wang, H. (2023). Phosphate removal
mechanisms in aqueous solutions by
three different Fe-modified biochars.
International Journal of Environmental
Research and Public Health. 20 (1), 326.
https://doi.org/10.3390/ijerph 20010326.

14.0ua, W., Lan, X., Guo, J., Caic, A., Liu,
P., Liu, N., Liu, Y., & Lei, Y. (2023).
Preparation of iron/calcium-modified
biochar for phosphate removal from
industrial wastewater. Journal of Cleaner
Production.  https://doi.org/10.1016/j.
jclepro.2022.135468.


https://doi.org/10.1007/s11356-018-3968-
https://doi.org/10.1007/s11356-018-3968-
https://doi.org/10.1038/ncomms1053
https://doi.org/10.1038/ncomms1053
https://doi.org/10.1038/s43017-020-0061-y
https://doi.org/10.1038/s43017-020-0061-y
https://doi.org/10.1016/j.jclepro.2017.04.050
https://doi.org/10.1016/j.jclepro.2017.04.050
https://doi.org/10.1007/s11356-019-04458-x
https://doi.org/10.1007/s11356-019-04458-x
https://doi.org/10.1111/sum.12731
https://doi.org/10.1038/s41598-020-75924-7
https://doi.org/10.1038/s41598-020-75924-7
https://doi.org/10.1016/j.jhazmat.2020.124226
https://doi.org/10.1016/j.jhazmat.2020.124226
https://doi.org/10.1016/j.cej.2020.127684
https://doi.org/10.1016/j.cej.2020.127684
https://doi.org/10.1016/j.biortech.2017.10.030
https://doi.org/10.1016/j.biortech.2017.10.030
https://doi.org/10.1016/j.%20jclepro.2022.135468
https://doi.org/10.1016/j.%20jclepro.2022.135468

Oy 5 5oy U3 Dksns | e 413y S jonaS 51 piandd (g5l ) Sfipas

15.Kong, D., & Wilson, L. D. (2017).
Synthesis and characterization of
cellulose-goethite composites and their
adsorption properties with roxarsone.
Carbohydrate Polymers. 169, 282-294.
https://doi.org/10.1016/j.carbpol.2017.
04.0109.

16.Schwertmann, U., & Cornell, R. M.
(2000). Iron oxides in the laboratory:
preparation and characterization. Clay
Minerals. 27, 393-393. https://doi.org/
10.1016/0010-938x(92)90174-2.

17.Adra, A., Morin, G., Ona-Nguema, G.,
Menguy, N., Maillot, F., Casiot, C.,
Bruneel, O., Lebrun, S., Juillot, F., &
Brest, J. (2013) Arsenic scavenging by
aluminum-substituted ferrihydrites in a
circumneutral pH river impacted by acid
mine drainage. Environmental Science
& Technology. 47, 12784-12792.
https://doi.org/10.1021/es4020234.

18.Kyzas, G. Z., Deliyanni, E. A, &
Lazaridis, N. K. (2014). Magnetic
modification of microporous carbon for
dye adsorption. Journal of Colloid and
Interface Science. 430, 166-173. https://
doi.org/10.1016/j.jcis.2014.05.049.

19.Pogorzelski, D., Filho, J. F. L., Matias,
P. C., Santos, W. O., Vergitz, L., &
Melo, L. C. A. (2020). Biochar as
composite of phosphate fertilizer:
Characterization and agronomic
effectiveness. Science of the Total
Environment. 743, 140604. https://doi.
0rg/10.1016/j.scitotenv.2020.140604.

20.Reyhanitabar, A, Farhadi, E.,
Ramezanzadeh, H., & Oustan, S. H.
(2020). Effect of pyrolysis temperature
and feedstock sources on
physicochemical characteristics of
biochar. Journal of Agricultural Science
and Technology. 22 (2), 547-561.
https:// civilica.com/ doc/ 1817061.
[In Persian]

21.Murphy, J., & Riley, J. P. (1962). A
modified single solution method for the
determination of phosphate in natural
waters.  Analytica Chimica Acta.
27(C), 31-36. https://doi.org/ 10.1016/
S0003-2670(00)88444-5.

22.Enders, A., & Lehmann, J. (2012).
Comparison of wet-digestion and dry-

Yo

ashing methods for total elemental
analysis of biochar002Eaq Communications
in Soil Science and Plant Analysis.
43(7), 1042-1052. https://doi.org/10.
1080/00103624.2012.656167.

23.Liang, Y., Cao, X., Zhao, L., Xu, X., &
Harris, W. (2014). Phosphorus release
from dairy manure, the manure-derived
biochar, and their amended soil: effects
of phosphorus nature and soil property.
Journal of Environmental Quality.
43(4), 1504. https://doi.org/10.2134/
jeq2014.01.0021.

24 Jalali, M., Ahmadi, N., & Zinli, M.
(2011). Kinetics of phosphorus release
from calcareous soils under different land
use in Iran. Journal of Plant Nutrition
and Soil Science. 174 (1), 38-46.
https://doi.org/10.1002/jpIn.200900108.

25.Lin, J., & Wang L. (2009). Comparison
between linear and non-linear forms of
pseudo-first-order and pseudo-second-
order adsorption kinetic models for the
removal of methylene blue by activated
carbon. Frontiers of Environmental
Science & Engineering. 3(3), 320-324.
https://doi.org/10.1007/s11783-009-00
30-7.

26.Peng, Y., Chen, Q., Guan, C. Y., Yang,
X., Jiang, X., Wei, M., Tan, J., & Li, X.
(2023). Metal oxide modified biochars
for fertile soil management: Effects on
soil phosphorus transformation, enzyme
activity, microbe community, and
plant growth. Environmental Research.
231, 116258. https://doi.org/10.1016/
j.envres.2023.116258.

27.Peng, Y., Zhang, B., Guan, C. Y., Jiang,
X., Tan, J., & Li, X. (2022). Identifying
biotic and abiotic processes of reversing
biochar-induced soil phosphorus
leaching through biochar modification
with  MgAIl layered (hydr) oxides.
Science of the Total Environment.
843, 157037. https://doi.org/10.1016/
j.scitotenv.2022.157037.

28.Wu, L., Zhang, S., Wang, J., & Ding, X.
(2020). Phosphorus retention using iron
(1/11) - modified biochar in saline-
alkaline soils: Adsorption, column and
field tests. Environmental Pollution.
261, 114223. https://doi.org/10.1016/
j.envpol.2020.114223.


https://doi.org/10.1016/j.carbpol.2017.04.019
https://doi.org/10.1016/j.carbpol.2017.04.019
https://doi.org/10.1016/0010-938x(92)90174-2
https://doi.org/10.1016/0010-938x(92)90174-2
https://doi.org/10.1021/es4020234
https://doi.org/10.1016/j.jcis.2014.05.049
https://doi.org/10.1016/j.jcis.2014.05.049
https://doi.org/10.1016/j.scitotenv.2020.140604
https://doi.org/10.1016/j.scitotenv.2020.140604
https://civilica.com/doc/1817061
https://doi.org/10.1016/S0003-2670(00)88444-5
https://doi.org/10.1016/S0003-2670(00)88444-5
https://doi.org/10.1080/00103624.2012.656167
https://doi.org/10.1080/00103624.2012.656167
https://doi.org/10.2134/jeq2014.01.0021
https://doi.org/10.2134/jeq2014.01.0021
https://doi.org/10.1002/jpln.200900108
https://doi.org/10.1007/s11783-009-0030-7
https://doi.org/10.1007/s11783-009-0030-7
https://doi.org/10.1016/j.envres.2023.116258
https://doi.org/10.1016/j.envres.2023.116258
https://doi.org/10.1016/j.scitotenv.2022.157037
https://doi.org/10.1016/j.scitotenv.2022.157037
https://doi.org/10.1016/j.envpol.2020.114223
https://doi.org/10.1016/j.envpol.2020.114223

VLYY a)h».fs NE D)sbc)l..\g.lg:.\ﬁ’jfg‘suagﬁ.\n 4.1).»»

29.Wang, J., Li, F., Wang, M., Wang, H.,

Elgarhy, A. H., Liu, G., Zhang, L., &
Hu, R. (2022). The effect of iron oxide
types on the photochemical transformation
of organic phosphorus in water.
Chemosphere. 307, 135900. https://
doi.org/ 10.1016/ j.chemosphere. 2022.
135900.

30.An, X., Yu, J., Yu, J., Tahmasebi, A.,

Wu, Z., Liu, X.,, & Yu, B. (2020).
Copyrolysis of Biomass, Bentonite, and
Nutrients as a New Strategy for the
Synthesis of Improved Biochar-Based
Slow-Release Fertilizers. ACS
Sustainable Chemistry & Engineering.
8(8), 3181-3190. https://doi.org/10.
1021/acssuschemeng.9b06483.

31.An, X., Wu, Z., Shi, W., Qi, H., Zhang,

L., Xu, X., & Yu, B. (2021). Biochar for
simultaneously enhancing the slow-
release performance of fertilizers and
minimizing the pollution of pesticides.
Journal of Hazardous Materials.
407, 124865. https://doi.org/10.1016/
J.JJHAZMAT.2020.124865.

A

32.Jia, Y., Hu, Z., Ba, Y., & Qi, W. (2021).

Application of biochar-coated urea
controlled loss of fertilizer nitrogen and
increased nitrogen use efficiency.
Chemical and Biological Technologies
in Agriculture. 8 (1), 1-11. https://
doi.org/10.1186/s40538-020-00205-4.

33.Ye, Z., Zhang, L., Huang, Q., & Tan, Z.

(2019). Development of a carbon-based
slow release fertilizer treated by bio-oil
coating and study on its feedback effect
on farmland application, Journal of
Cleaner Production. 239, 118085.
https://doi.org/10.1016/j.jclepro.2019.
118085.

34.Zhang, Z., Yu, H., Zhu, R. Zhang, X., &

Yan, L. (2020). Phosphate adsorption
performance and mechanisms by
nanoporous biochar—iron oxides from
agueous  solutions.  Environmental
Science and  Pollution  Research.
27, 28132-28145. https://doi.org/10.
1007/511356-020-09166-5.


https://doi.org/10.1016/j.chemosphere.2022.135900
https://doi.org/10.1016/j.chemosphere.2022.135900
https://doi.org/10.1016/j.chemosphere.2022.135900
https://doi.org/10.1021/acssuschemeng.9b06483
https://doi.org/10.1021/acssuschemeng.9b06483
https://doi.org/10.1016/J.JHAZMAT.2020.124865
https://doi.org/10.1016/J.JHAZMAT.2020.124865
https://doi.org/10.1186/s40538-020-00205-4
https://doi.org/10.1186/s40538-020-00205-4
https://doi.org/10.1016/j.jclepro.2019.118085
https://doi.org/10.1016/j.jclepro.2019.118085
https://doi.org/10.1007/s11356-020-09166-5
https://doi.org/10.1007/s11356-020-09166-5

