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Salinity is one of the most important water quality issues in agriculture, which
plays an important role in the production and productivity of crops. In this
research, to reduce the salinity of agricultural drainage water simulated with
sodium chloride salt, biochar was prepared from date palm leaves waste at
different pyrolysis temperatures (350, 450, 550, and 650 °C), and their
performance was investigated for the adsorption of water salinity ions (sodium
and chloride) using batch adsorption experiments in a completely randomized
design with four replications. The results of this experiment showed that date
palm leaves biochar prepared at 650 °C (DPLB650) had the highest adsorption.
In the second step, the effect of independent variables pH (5, 6, 7, 8, 9),
adsorbent dosage (10, 20, 30, 40, 50) g/L, contact time (30, 60, 120, 180, 240)
minutes and EC (4, 8, 12, 16, 20) dS/m on the adsorption efficiency of sodium
and chloride ions by DPLB650 adsorbent, using Taguchi experimental design
method was evaluated and the most optimized variables and their levels was
determined. The results showed that the maximum adsorption efficiency of
sodium and chloride ions (27.43% and 27.56%, respectively) occurs at pH equal
to 7, an adsorbent dosage of 30 g/L, a contact time of 180 minutes, and an initial
EC of 20 dS/m. To validate this prediction, an experiment was conducted under
the mentioned optimal conditions, and the adsorption efficiency of sodium and
chloride ions was obtained as 27.61% and 27.65%, respectively. Investigating
different adsorption kinetic and isotherm models showed the results followed
the pseudo-second-order kinetic model and the Langmuir isotherm model.
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EXTENDED ABSTRACT

Introduction

The world's growing population and water resource shortages make it necessary to utilize saline water,
such as agricultural drainage water. However, the salinity of irrigation water has many destructive
effects on crops and soil particles. Various methods are used to desalinate saline water, but relatively
expensive. Thus, using low-cost methods such as using inexpensive adsorbents is important. Biochar is
a carbon-rich solid produced from the pyrolysis of plant biomass and agricultural wastes. Biochar, Due
to its physical and chemical properties, has shown promise in the adsorption of various pollutants from
aqueous solutions. One potential source of biochar is agricultural waste, such as date palm tree leaves
waste. By converting this waste into biochar, we can effectively manage agricultural waste.

Materials and methods

Agricultural drainage water was simulated using sodium chloride salt at five different salinity levels of
4, 8, 12, 16, and 20 dS/m. The biochars were produced from date palm tree leaves biomass at four
different pyrolysis temperatures 350, 450, 550, and 650 °C with a retention time of 3 hours. The
prepared biochars were sieved to 105-500 micron particle sizes. Then, their product yield and ash were
determined. The EC and pH of biochars were measured. Using the BET method the specific surface
area of biochars was measured. In the first step, the performance of biochars was investigated for the
adsorption of sodium and chloride ions. Then, the most optimized biochar was selected for use in the
next step. Batch adsorption experiments were conducted in a completely randomized design for each of
the adsorbents with four replicates under the same conditions, pH equal to 7, an adsorbent dosage of 20
g/L, a contact time of 240 minutes, and an initial EC of 12 dS/m. In the end, the sodium and chloride
ions adsorption capacity of the adsorbents was calculated. After selecting the optimized adsorbent, its
elemental composition was determined using EDS analysis. Also, the pHpzc of the selected adsorbent
was determined. In the second step, the Taguchi experimental design method was used to optimize the
effective factors pH, adsorbent dosage, contact time, and initial EC at five different levels on the
adsorption efficiency of sodium and chloride ions. 25 batch adsorption experimental combinations were
determined and each of the experiments was conducted with three replicates. The evaluation of the
signal-to-noise ratio (S/N) and analysis of variance (ANOVA) were conducted to analyze the
experimental results. Given the goal of this research, the S/N based on the larger value is better chosen.
Finally, kinetic and isotherm models were fitted on the adsorption experimental data.

Results and discussion

The results indicated that the production yield of prepared biochars has decreased with the increase of
pyrolysis temperature from 350 °C to 650 °C while, their EC, pH, ash percentage, and specific surface
area have increased. By comparing the performance of date palm leaves biochars, the DPLB650
adsorbent, which had the highest adsorption of sodium and chloride ions, was selected as the most
optimized one and used in the second step of the research. In the second step, the results of Taguchi's
experiments revealed that under optimal conditions (pH equal to 7, an adsorbent dosage of 30 g/L, a
contact time of 180 min, and an initial EC of 20 dS/m), the maximum adsorption efficiency of sodium
and chloride ions is 27.43% and 27.56%, respectively. For validation, an experiment was conducted
under the mentioned conditions, where the adsorption efficiency of sodium and chloride ions was
obtained as 27.61% and 27.65%, respectively. In addition, the pH, contact time, and initial EC at the
p< .01 level and adsorbent dosage at the p< .05 level have a significant effect on the adsorption of
sodium and chloride ions. The investigating results indicated that the pseudo-second-order kinetic
model and the Langmuir isotherm model have the best fit on the experimental data of the adsorption of
sodium and chloride ions.

Conclusion

In this study, reducing the salinity of agricultural drainage water simulated with sodium chloride salt at
different salinity levels was investigated using date palm leaves biochar prepared at different pyrolysis
temperatures (350, 450, 550, and 650 °C). The results indicated that DPLB650 had the highest
performance on the adsorption of sodium and chloride ions. This adsorbent under optimal conditions
(pH equal to 7, an adsorbent dosage of 30 g/L, a contact time of 180 min, and an initial EC of 20 dS/m),
can reduce the electrical conductivity of agricultural drainage water by about 27%. The initial EC has
the largest contribution to the adsorption of sodium and chloride ions. The pseudo-second-order Kinetic
model and the Langmuir isotherm model satisfactorily described the adsorption process.

ARRIAN



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 2, Summer ( 2025)

Comnd \ZYC '05.‘& Sl Ao “npay
Y oyl ¢ Ve s
FANPAYA

Journal Homepage:www.jess.ir
2645-520X : Suig sl gLl 2588-6851: ol Ll

Knowledge Based Company
(PUBLISHERS)

. o

1551 g W a0 253598 G0 Cu e (g1 S50 S g0yl g 51 231

T s ilgp FNiowigh ps s ¢ gl Tyl

Al laal lgal ol yen suad oKl dam jlae g O awdige 0aSisly ¢ 285 g g)ll 09,5 (68> (gomiils )

Al lenl Glgal ol pes dgd olKuiils cun jlame ol i 0aSisly ¢ iSaj g (oylol 09,5 dliwl ¥

Oyl elenl clanl ol san dapd oSl ey jlawso o o Cowdige 04D (Caunn jlags awdine 09,5 Lokl X

Partishehzan@scu.ac.ir : Jytue sdiws g Jool™

oA

Al OleYb!

ol 22l ely; Y g (650 00 5 55 50 ek LB &S ol (55,5LS 0 O (&S Blus 0 nre I S (o9
38l )3 slaled 3 56 Sy Sluls S mad Sod b odid gjlwdnd (659l Oloj (6y9 ialS jslaieds yimgh
b (O g maws) Sl 98 o i sl ol (DS 5 40 s ogrmsds 42,0 50+ 500+ ¥+ ¥D-) il
a8 ol s oygeil ol gubs b wyp LSS e g Bolas Meols’ b LB atwgnl Gls laiales] ;1 sl
Sl pgd p5 3 sl sl |y Cls i (DPLBB50) ogmuduw 43 )3 £+ (slod )3 sndans J5o Sy ylogw
(Y\L' 5\A’ c\Y’ (;’ ‘Y") ‘)»Jln.‘; uLoj ‘)A’:J).g ‘B)f (a’ \G' c\“' ‘Y’ c\') QTJ.‘D‘.? )L\.E!A £(i cA ‘V cﬁ ‘[3) pH J—&A’MA&Q dLb)J:.’.L;.A
S 3 L @lS 23,5 e ] sk 5 Bpsite o iceslio 5 i)l (25U Giilejl (b ig) S 4
oold gloj et 2 25 Yo 3l jlade & s PH 53 (100 YVIOF 5 YVIFY i 4) JS 9 s slogyse e oy
St it (o Jho gy p Al Candds 2o )3 YISO 9 YISV Cipp IS g madw (slaygr il el g 1 plol

LS o 9y 29055 p gl g ped A pe dud St Jio jl s by (L5 Gl gl

o o

NRIRIN
(S 55k &b
NRAVBFAR
toh iy g )b
VLY F VY

Lzl gl
VELF/F Y

:‘.sbbj’g KWLy

56 Sy

g

(25U ool b
TERES

.ylo}

DOI: 10.22034/jess.2024.464874.2269

LY o ol Ll 2yl

VeoSa


http://www.jess.ir:Jornal

Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 2, Summer ( 2025)

dodbo—)

2 e ol S o w5 Gl bl yuin 3 1) Ol 39S 0l wlie plBd LialS 5 cames Asy > 4 Ol loli i)l
ool 5l (S ablio san sl dalge oytod > O plie Codgizee b oSl Wl pler Sittdas g Sits 3bls
ol Gl Ol GodiS G pan S, (65,0l cawl (650l lacle; wble yeb clac] I edliil (ol 9S8 s
o) SB JEls )55 5 (698 amjlame 4 caml (2l; OV gaze W5 sllasl Sl bl O (5)98 oS sl
9 3l 2L s anja e S 5l 392 e )3 il (Bicsypd slaitgy el piliclinl g gygps 5l (js)9s
a2joS 9 Vb (L o 4y (e ¢ 2ljc6y9 sl i) (e Sl s Aoty e (659l 50 (o gades gl oslitl
43l gl (Stuen Sy 5 silodigy K50 (e cloyially Cla auls 5 el a8 )58 i Lzl 5,90 092
a5 b 29 g0 odlitol (2955 o) il Salejl (2 slagsbyy 5 USte ol U el 23l plej 5 g ol slatales]
Gob el gsla 5 Sl 5o belge a2 g b (266 Gulejl (ALl (hgy 3 il el T ] claaty s g o il
b g odd Mlyd 4 dudiSe sy e (S| o inlel 5l clasgame ls b laasl)] cpl (Xgd o s dolaio (slaaul)] ol
st 9 Jelo (2956 (he 50 e il o L)) Groly et 1 50 elge Jolas 350 55 (5> CleMbl i ialol sl JEla
ol dpdye 090 (ANOVA) il ly Jdos 5 (SIN) jo5 4 S sl oslisl b ond ol (slagtalel gl 558
4 oliwd gy culie O3l Gl sl sadeslatwl liise Sy lawgl Cds glaan]yd gilwaigs )0 (glodjiuS jobas b,
Cogiy otk @bl (cdmgsy )3 (VoVY) WS 5 a0 Coul pro s ol slogigs (B b ot VT J2alS” losily 3Vl
b ossJlsb gty o L I gyp @l 38 (wyp 3)00 O (gypd S )3 1) Soppilgutinl b oad Jlb g xebo
Erop3S Aagy JSlo gl 2ol (LS (odmggy 53 (VFe0) Jgw) 9 IS8l )b T (65 Sials )5 (g5 3,Slas Sl
oASg Mol ST 81,5 5 ST 31,5 3 Sl (ladllan 13 (V41A) oylSon 5 aalj el (o gloJslone Sl s 0l 13 (6550 3
e Cd b b ligs b oadedol st (1S oS o ol gl adlae golis 3,8 gy ssdl (2bissd 5 1y ol b
oSl 03l i (g b Sladllas g5 03 e yesl LI556)98 slp Pie Wil K lgicdr Kl o cyige 3,Sles 5 YL
P 55 @M Vb g)luk 5 ik unjlase b ()5« 0 sk 5 M5 13 (Sole (139 4 ponigyhe > 4 kg
(€81 8) @yl 3l 3 55 51 &8l S J) i soole S Jlagn sl 03 o (slaJgloxe Sl Cilisee (glmony VT il
4 ol gladgbre l oan ¥l Gl )3 lage 3)Sles 95 0 4td OS] jpi pie b dgame (5ST Lalid ) odgican;
235 (Slod @3y g5 5| o 45 )15 Kty oo ol (sloeg)S g 0%y o (55 Al (] lhesd § (Sujud leoguas
Cuwydb 283 Dgus oo ad (65,9liS Gluls aile iz dlge | g sl iyl s CublinSS oy e g Lod il &5 ¢ )l
by Gliwjed bl opsds o lpl jeiS bl atdl JWo 4 Camjlase sl osllaol (sladely Wlg o (65,0liS” Cluls
slooly 1 (S 290 g ol 5 5 €8 )0 S dlex ) Slgls (65,5lS Dyl VLo &8 Csl (glod S g sy (slagliulss
2 (VYY) Oher 5 02555 el (s JB5) Sl & Slals cnl i «sisliS lalo copte 5 Cunjlame jl bl
Gl g @) Bl @y dtogy s Ale cilises (655l Sluls syl edlitel b ol Jglore 1 mots ol 2 42 g
prgxl Jao bawgi 01 3yl o Cd s (St 5 5 )5 ohig e S @ gy Jlagn > (L b sl LS
$r95 SRl ) gy Aoy S g g o lage Ul (V4IY) ghlSen § S Casl 105 O3l 93 & Cupd 5055
2 (V30) han 5 plats) 9 ol (5)95 (2ol )3 Ol 02550 @ Aty S ol LS gl 28 (Al ol Jsloxe
b ogmdes d2)3 Are g 5ee Foe COBLeS (lalod )3 ordand mp Seld Gla)lose bug bl Ol (2b5ised Aios
3 oldans g Seld Jlogn 9 3)b Ol Sluogas p gyl gre Bl CSle)S slod sy Lis o)l Buios gl 053,58 wyp
2 e Sl oy 0 5la5 4 @lio j9p0 4 a2l b dg (21ji6y9 3 3 ee (yie ShID gmdow 4> Fev 8L S gled
Sl gd p Fhe sop b (Sopsdl colia Jials (gl ciliie c8lle)S (slaled )3 edang J56 Sy g O3l I eslinu]
ge slosg sy o oLl 5 4ns slrgm wilise calSle,S clalod 5 5 5y luls j1 Limgh ol o 1 el ontiplos
85 )8 oy 3y90 St Jolre 1 (S 5 mack) (6598

AR



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 2, Summer ( 2025)
Gaiod plosil (yhg =Y

Ol GBSy A p 550501 g S50 Sy Jlagm il ans @

Ll ol s a5 (s 5 plox Jlanl o yen st oKD Gy jlasrs 5 o wiine 035l Ol S olSiylefl )5 imed ol
&9yl 935 &) sl ke O L i 450 3 3l 9 glee> gl oo dred oy o plindss Sl 5 S
S0 iSdl 058 30 ¢ 50 S slaam and (gl (e WA S Caelis YF Gde dy ogmunliw a0 £ Sylys dn 0 b gl 0 dla)]
5kl laesdl 3l oadbans (sl b 54 031> J1)8 wgunliw a3 SO+ 9 B0+ KO+ FOe o)l dn )0 3 el dw Cio 4
VYo o Capnd 5 0Bt sl g PH 5 (EC) (Sl cglim 3505 000 yass (y9,5e Vo001 + )3 o)1l b (V- 4 YO oyles)
o3zl byl 039 gxaw (550501 sl (BET) Brunauer—Emmet—Teller i, jl a3 ¢ puSojlul jhaie of 4 jlogu
S (355 s ) S B sy ol Cunaty (Sts S35 S ) 8 (5 4 00bdg Jlrse el 3y Semd S a2 033k
A 25l sl g ol Sts gl s

oielejl ol ladglne 4 @
Cilises (5)5 g gy > 5505l loj sl (sl Ll el )3 LBl oo 5y9 2ASHn] slaisy (St S 5 e
A5 0Lzl 4,5 pades Kb 3l e g ke s wd Ve g 3 AY A S

Gargl ol G les] o
Glg Cis )0 wsmualue 430 SO 9 DA+ KA. KO ol d iy 0 sddand oyl Sl Giegh pl gl pB 50
Tk B 5 dogl Ol latlejl pglate ol 4 b OBl (gam 85 eslil sl bl o pcaslio g oy SIS g pat
O3l e ¥ ply PH gl Ll )3 laginlejl ey Sgo LS5 ez 19 008,53 (sl Sl Sy ol ool Sl
4835 13 393 WA+ i ey b Sd (69, 0 oo (slod )3 2o p (iten o VY adgl EC cadds ¥ wlos o id p p) S Y+
G g agihonls olStd b slore wpes 92 S g 05 Lis bl B2 (KaS 4y Jgbre 5wl dayinlej] oLl 5 5 pl
aidyg0 Slacdle b Ol (5)55 oy o Cd )l s 3,5 (603l 0,85 Sl b gl 15 gy 51 Jglore SIS s
5 Gy (V) a5l
Co—Ce) V

qe =t 0)
P M (MAIL) Jolmo )3 59 092 &0 9 sl cale sy 42 :Ce 9 Co (MY/G) il i byl o talady el >
3 elizl b citio O3l (g pale 455 (qu)y ecmmilio 0l QB I g adlie 5)98 032 (L) Jolre o2 V5 (9) O3
o sl b 653l oo (PHpze) il yio )b PH (izman 1 sl (EDS) (il 6551 (2l (oot 5L
VESlo 4 WEY (o adgl PH L Y50 0000 maslty @l Jslomo )3 jLaidy90 3l 2 5225 Y (PHpzc) 3> yao ) PH
6 PH) Jlages oy Lo (5503l Sl (ales PH talojl yo bk ) b o0l 51,8 4235 55 19310+ L b (59, 2 ceels

s byme 3l (PHpzc) s S PH lsisdy S o alab |y bl jgom oS slabais cag) PH lis 5 (adg) PH -

BBV gy 4 blalejl (Sb e

(Yo 0% OY A ) adgl EC g aids (YF+ A OY- &0 ) wlos o i o p)S (00 F &+ ¥+ Oe) Ol Hlude 3 A
o (07) dolxto )l bl 2 58 gy 2 (Sisine 38l SaS ) (25T talof] (2l gy ) ool b 2o 1 (ko g
Ol ) 0515l came (slod b yisloj] (gdan )3 .05 plul )1ST du )3 b iales] 51 Sy p g pound dtargwl Gl iolejl a5 YO
o Sligel 5 S pgilguntnl (gla Jolore 5l wilises SaPH wlats (clyy g ol (4855 1 )93 VA+) 1S4 )93 5 (019550 B = +0)
)1 J9] Plf Cohe u.)l> Jaa.uy' )K 9 2w L;Lmuy u..\> O‘.o.ﬁl) c)I)SJ dw yd b..\a»@‘)b u»)La)i Yo rDL’>:.:‘ )l o A oolaswl )Yya
A5 pulono (1) e,

R =2, 100 )

Ve SY



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 2, Summer ( 2025)

s ledil, R 9 (mg/l—) Jole )3 ()9 g 2l cdale Ce ‘(mg/L) Jole )3 (659 (g2 adgl clale :Co Y aal) )
(ANOVA) Ly o9o51 5 (SIN) 5055 s JuSpms Capmd cosiplo] bl gl elods (gl s 28l o0 (10)3) 6555 (352
Aol 5l eolatul b pg a4 JUSiw Cus 5y slagyg wda olodily et 4 oliwd) 3aiod ol Ban 4 dogi b b )y

S 1 1
N —1010g;< ?:1;) (¥)

b ods Gialel gl38le 5 ommwcons yobatads b o Liales] ol sdalcwndas gl Vi g ba ool J1SG aluws :N «(Y) alal, )

e Splipw SR L;T 0

PH (el 0180y camlio oo 1 dtogal sl ilejl dtiio OOl buwgs IS 5wt (slagygy e Sitinw Jho (s poliaiods
A5 yo A S 6o Je g 5 ol 4B (Y DA Y+ S+ ) Giliseo slapoles olaj 10 5 adsl (59 codls ltia
5 gl 4y and (St sloJao (o S5 0505 dslomo bl calps g 60 00l il ol slaodls 2 pg> e 4 g Uyl
sl 05 03] (B 5 F) slaalasly 15 35 4 pod A po 4

Ln(ge — q¢) = Lnge — Kyt (¥)

t 1 t

T (9)

qc  K:qe?  ge

Ole sy el (K1 (MO/Q) ciliseo (slayloj , sddods o Hlie Gt (MY/Y) Jols is cud o Qe YU laaal, )

il e ggnl (bl

e PH (s 005 e85 comlio pglans 13 Atgmls sl yinloj] it Wil Lags IS 5 mds (slbiysy s pyiail o sl
@958 9 9oV prigpl SlaJde s 28 plxl jlo pr udenj o (Vo V7 AV A ) cilie (glagsyo 3 5 (oled loj sl
sloalarly )5 o5 4 g b 5 20905 p gl sla e (S IS5 105 dslon gl colps 5 26505 03l (3l G (glaodls
Wl 0db 03yl (V ¢ %)

1 1 1

— + )

e - Kr.Qmax Ce Omax

logq. = logKp + %logCe (v)

Oles 3 Jglome 3 oXigioie g clale :Ce (MOY/Q) i cud )b 181 Gmax (MY/G) Jols e b b e by ] 5>
(O/L) gy Joe ol N 5 (MG/G) (LMY zdsigs Juo ol K (LIMQ) 11505Y Jobss cols KL (M@/L) Jobs
drsleo (A) el 51 129055Y Jo (sl el b a8 5 oalisl RU sl el 51 (oo ol upgllan s (oo gl il o0

1
L= 1+k;,Co (A)

daly cpl yd ol (3 oye) ol yielyb TRL ¢ (L/MQ) 1005Y ol coli KL o (MY/L) Jolno adgl cdale :Co (A) akaly y

wau)l ol c_\wl.u_gu).:l).: RL;I ‘u9ﬂaal.: J.\n c.\wl.:n_gu)l ).:5)); RL;‘ ‘uSHQAL?:‘awub cmbc_g.:b)mou,uRL)fl

Voo SY



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 2, Summer ( 2025)
cou g -y

J S gaylagn gl Sy @

ax ) PO 9 OO+ KO+ KO ol dayd 3 eddans Jou Sy slalas b Sho (S pSoilul @l (V) Jeis g
Shoasesls ol DPLB650 ¢ DPLB550 .DPLB450 .DPLB350 (¢ )lais) claceMe b iy @ 45 ogumadiw
Js a4 Ylaas! PH e g 528 2oyd Gial53] i baylgn EC g PH iaS ke o (il 3l i ©)lys o yd Gialsal ol
Sl L EC Gl ol g Ji5Lo 15 LB slocSas (ol 5 LS 1013 s 5 sl Jole (slaog S (1 s
oy Ui BET gl sl jlogn muSB 3 oW clacSes iul58l g 5usS1s aoys Siulial s 4 wlg oo Yieis! Sl S clos
e sba Sl 5 a5 s o e o G L Bly 3 .l G el 423 I Loyl ofg o
DI o 55 3 5 bl o iy Jilo w2 sl oo Syl b g ok 8 Sl di s 5 (S 5 ke
Gl 0 5158 56 Gl Jlagn (6l 00 liie lawg polie guls .3 0 0315 pdaw

liee LG,ly> ax )3 43 padand S5 S g s )logm g SRs ) Jo

DPLB650 DPLB550 DPLB450 DPLB350 j:’:
ok
Ved -0 Ved =0 Ved =0 Ved =0 (059,50) )3 o3l
¥v/as Yo/Ny Ya/AY FY/oA (3053) slage 03k
\iZAnG £YIEA Yo/AY va/ve (3053) yuSs
<Y RYRYNN o[+YY o/-of (o 2 (yion o) (SoySl Colin
Ao A¥Y Alva M- pH
WA/S AV/-Y NV YY/AY (P05 2 @eyorie) o329 e

cwlio 3l Sl @
Ao ol polol sl 02381 (V) Jgi 3 )l 9 e slagygr @l cudibs p J55 S sbjlogn 31 (uibly 438 b
e Cd il (ke dumlie @l 09 50 dne 20> S o )3 I g it Sl Qi Cd )b 5O Sy lege £y
5 ke Slagysy e bl o (L (V) Jgi )3 308 oS3 9ol elsl 2 il I35 Sy syl 53 ) 5 ik slosy
s Oalnle lioe GBIl (6 ine g0y ogpmles 420 PO BYD. 18l )S (slod (2l b S50 Sy jlages o IS
8,5 )8 o3l yge imgh pgd 5,5 coxite Ll lgicas (DPLBBS0) yugumslow 45y 50+ (slos 3 ordans Jsu Sy

A g mrw da Cdyb g U595 S g g 51 ouilyly 415295 Y g

S sine e Slagpe (1 Sile Slaype ggacne PRRESS Sy il O
feeon 5./5A VAY/-£A e
¥ S5 Sl
R AYE/AQN PYE/SVE &z
ofeye </\Y- PR
VY s
NRRY; N A
VAY/VAA W
10 Js
PYFIVOF e

o ) SU g i Jlods ] mhaw )3 I3 sxe 5T 6110 g 4Id Sre (51 B LSOl w5 4 * 9 NS

Voo SF



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 2, Summer ( 2025)

OS5 (90l (bl 1 iliee 50 S 1 (S )lagm 43 S 9 mrew i Cud b (5o (pSilo dunglie .V Jgur

DPLB650 DPLB550 DPLB450 DPLB350 S S e 0%

e Y¥/05° vy/ash YUY W
e

7S Yo/v§e ¥1/0 yv/st »

5,10 (6418 gme BWE auo > iy Jlois ] o 43 aslio € By (g1 10 015,

(DPLBBE50) e bl (g parics 43325 5UT @

e ol S gST S polis gl Gl ol &5 wmd e ol (Y JS3) DPLBB50 by (g paie 3U0 b
oo )l & Hoblan 3yl IS pate |y Jlgld (508 g consl ()5 paie 4 bgye Jlold it Adlioe SIS g mamali
b gpolis jpan Al ol (A5 0358 5 035 (S 4528 b5 slod o 4 45 o)l (VL (S lsime ol
K s ele 3 655 i OB b S5 dee S 4 Wl e DPLBBO0 Gl Jisls )3 ordS g opusliy 28" 2o ot
2 35350 Mo yais Cosl oo mides g i p Ylainl Canl Lite 5l (6l &S (3] pais jpis ol ogdle il asly
sl 4285 )8 alllas 350 3l (55, oS Al e (MBS e 4 U]

4000

3500 —

3000 —

2500 -

2000 —

1500 —

1000 —

500 —

(ghajasly 2 8yp sLdgiy glgudl asi) i losd

Au

L]
) 2000 4000 G000 8000 10000 12000
(559 ,5591) (g5 ,—!

DPLB650 wla (¢ puais 4325 U1 .Y JSoib

BFU sord Al sl e

sl ilesl (F) Jga 53 0 plos 1S5 a3 bagtale]l J) oy 5 0esd (2555 gy bl 2 ol o 5 YD (3o () 53
Gy ol oasal) ()I)SJ dw u,.ﬁ.oLn) DPLB650 b bwg IS 5 i laye ol =g 25U sosd syl
A5 el gy 050 yiahl o it gslaw sl g 4 JUSw S i Jole g (piceslie Ll g glS ol Jilos
2 Jole e A astie W3 jlaie 4 drgi b S e eibady |y Gl p j35e Jelge 1l oliee (0) Jgia 3 W (0 Jgi)
.Ji]o.)% oo ol )‘J..O.a 9 pH ‘u*’L“ uLo) Uiy L)] )1 o9 Caw 0o 4».]9‘ EC )]..\.O.o £)15 9 2w dhuﬁ" TN

VeoFO



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 2, Summer ( 2025)

A g e Ol ool 2 (25U laiales] i Jols gl F Jgaa

A i ot 5Sle gt i oy ke SIEC sl o W i
(1) (1) (5w imimd) (63) (@) P
\Y/AY \Y/-¥ ¥ A Ve [A ]
\O/YY VF/FA A 5 Yo [A Y
ARVANY VA=Y VY VY- Yo [A Y
YY/YA yY/-y \& YA« ¥ [A ¥
Y&I5¥ Yo/-0 Y. A e [A [A
\E[Y VO/ - VY 5 Ve 4 4
YY/\Y Y./fY \s VY- Yo 4 A
YV/IYY Y&Y Y. YA Ve 4 A
VAV \7iai ¥ YY. ¥ 4 a
WIS WYW/VA A Y. e 4 Ve
YO/Y) Yo/NY Y. VY- Ve Y !
Va/vy \kVias ¥ YA« Yo A WY
v./¥a Y./f5 A YY. Y. \4 W
VEINY VEINN \Y Y. ¥ \4 V¥
Y-/20 ARIAN \¥d 5 e A VO
\\7A1 VAN A YA« Ve A \&
VANA AEVAQ) VY Y¥- Yo A \\%
\EI¥O WIS \¥d Yo Yo A YA
YV/NY YY/ya R s ¥ A ALY
\E150 WIvY ¥ VY- e A Yo
\a/05 Y-/YA \¥d Y¥- Ve q Yy
Wiy Y T v y. q v
VE/50 \0/2) ¥ 5. Y 3 w
748 VA/AY A VY- ¥ a y¥
VA/¥A \a/av Y YA« e a Yo

M g o e ploddly 2 helyb pa i Zohaw 53 295 4 JUSew S D Jgaa

+J5l EC ol gloj 3l e pH g o2
Y¥/Y0 YY/5Y Y¥/AY Y¥/a5 2w
Y¥/YY YY/5Y Y¥/AY Yo/o. i )K
Y¥/¥A Y¥/AY YO/vs yo/-¥ 2w
YE/YS YE/AY Yo/vE Yo/s+ ' o
Y¥/AY Yo/aY Yo/vyY AfZRE PR
Y¥/AQ AAYS Yo/50 \ZZAR v A
20 28 Yo/sa Yo/o8 e
Y&V Y&/¥0 Yo/5¥ Yo/-y ¥ o
YV/YY Y&/ - YO/SY YO/¥Y PR
YV/YA Y&IV¥ YO/0) Y¥/VY 2 A
¥/Y YIvY o[As o s
v/ YIvY I8V \vY w A~
) A ¥ Y PR

\ Y ¥ ¥ o »

VoS5



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 2, Summer ( 2025)

Ol 1) S g mw lagg @i plesly 2 S5e yahl o il Zolaw 53 g5 4 JUSw S Jdge i 4 (V9 V) sl S5
Cams 2Vl > el o (gl oo o cplplty b dslone yige= 5,50 yie el 2 SIN s timgy 5o iy e
pS Y Ol ylude ¥ ol PH) ceslio byl 3 DPLBB50 Gils Lawg S 5 mader slaygr i lotily (saining .l SIN
Oinlejl B oy o )3 YVIOF 5 YVIEY (i yl38lp 5 bawgs (e p uiesjosd Yo adgl EC g atds YA- wlod o )
Cawddy duo)d YYD o YN iy s IS 5 s sl ygn ol (ol g plosl 5,0 dus 50 048D anlin byl yid )0 oriwcons
o9 dlesel BB gonmdlis JS g madi g 90 p2 (gl odd wcoms § i ol ety Hlde o Sul BB el
oS3 Gl (7 Jga2) SIS 5 e slogis i plesily 1 550 Jelss (ANOVA) Luilyly Jibos sl (2556 (ialojl (o1
K g made slagys g glosine Sl o) gy e > Gl o g do)d S e )3 gl EC g olas (o PH Jelse

55l

2751

7.0

26.5

26.0

0y 40 Ji o

i

25.0

4.0

23,54

5 6 7 S 9 10 20 30 40 50 30 60 120 180 240 4 8§ 12 16 20
L Mg o

EC (3) 5 wled (3l () erdle jladte (<) PH (W) tpmow e losdly g el )l 2 cilides Zobaw 45 3395 dy JUSw Comnd 43905 .Y JSUd

ady]

275

7.0

2§.5

2.0

1]

h

h
i

w4 iR S

e

250

24 59

4.0

2359

5 & 7T & @ 10 0 30 40 50 30 &0 120 180 240 4 8 12 16 20
L dage s

A EC (3) 5 ooled lay (@) bl e () H () 15 i ool 52 yially b bl g obans 1> 3255 & S o o305 ¥ IS

Voo RV



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 2, Summer ( 2025)

A5 g i e lowily p il ylg o S g

EoPixe ke Slaye (65ke Clayo ggorme 3l 4y Oyt glie o
oo YIvaAs \Y/0AF ot
¥ H
fenee VIAVY YA/¥AD p »
UATE VATV VIVER o
¥ il o
RX Y v/ »
fenee YS/av-¥ V-VIVYY o
ofenen Y- /Y0 WA/-YA © A
fornee BY/SAY \Y- /¥ ot
¥ ) EC
e /A0 Wa/a - A~
-Y¥0A YIvss O
A s
BTN ¥/ »
Y-Y/YVS ot
ve Js
Frama »

o yd S g o Jleis ] mlans 43 413 Sxo 31 (51,10 g I Sme 5T BB SOLy G 5 4 9 * NS

K gmawda ppH 51 e

Sl b ol L (WY g WY e JSa) DPLBE50 Gl Lawss IS 5 pude slogysy wis p cilisee cPH 1 oy
os 9 ol lesl) ALY JIPH (l531 (cacl b s 5 (s3900 259, IS 5 maes slagygs ol plesil, ¥ B0 e 51 PH
lan 5 (b sl Vol PH g ol Gl lodily (st 40 alitod sl PH o picaslio ol ol ol il Jo35 359,
4 etmghy 0 5o (W) Joolis o 200,00 sty gy ol Jlb ()8 by ol Jglome ) o il (sl oliie o (V217
S Gl i o i bt a1y fuS s mad b oz Mol 3 yised C3ls jl eslizul b T Jslore 5l S Gl Ly
PH (¥) U5 @ 4095 b .ol oasasl) DPLBB50 Lils aw b PH (¢ p505lnl gols () JSs 3 wcawlodls &, ¥ ol PH 5
PH &5 oKin g 5268 O3l yao b PH IS 5 pss Gl (gl calie PH 8lg 55 a5 0d s VIVY j6S00 O3l i b
A ale e )l b oy i ild Ol gyl 15 oo e b g 3l s bl OB yao )l PH ) 28 sl
DAl o (59) e ol pdsu & C8S wond lgie Cul Cuto sl OOl e Sl 4 a2y b rioren D)
ol £y g abesd Gl aiile Sslilg gl 8 Lol 5,k 5) DPLB650

ot pH - oyl pH

a—g!l pH

DPLB650 whls yiuw i pH .F JSi

VeoFA



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 2, Summer ( 2025)

A g i 1 OBl lsde il e

5 oY b JS) Mmd e &5 sy p)S Yo s e > DPLBB50 Ll Lawss SIS 5 mdes csloygs ol ool (siniin
o IS 5 s i ol i 2 S e Ve 5l bl e ial3l b 395 oo otalite JSi5 93 ol )3 & 4368 slan (¥
5 2 Sl e plely (Rl ) S Y ) St @Ml ke (139381 L (Jg <l (Rl e laplSe 5 ogg gaw 38
b5 ot ol A5l a ] og g LIS doe )3 g il S b (SIS 5 ST e & Sl e Vel & 33 &)
Dl Cdllas £ a0 dtgy O3 U bawgs ol Jsloe | pates ol gl (Vo) (o 9588k (imgsy

A 9 mraw e Sl 9 olod ol Pl oy @

o]y (siniiy 45 315 iz DPLBB50 il Lawss (S 5 pa) 698 Wgo 92 93 i 2 ilisen (sl poles o 51 oy
Ol b e ald chanl )3 (zT 5 7Y Gl USs) bl e Cusday a5 WAL ules loj 5 ddlllas 3)0 (152 93 2 gl ol
oles gloj Rl Jg iy OOl e Ol e 4 (il (poped I g e Sy BB VAL ules e
b O g g B el g Gl lalSe s glsl clde 4 Wl o Ylais] &5 cuslys Gl losily p Jluis w5b <5 i
Gl 2Bl losls y pgd dye ad g Jol adpe and St sloJro 310 @l (o0 5 WH0) oSS 5 (V) Jgz
IR a3 a) 55,5 R oyt bpgd adje 4 Jie o 93 0 sl o 3 ol gl i e oL Ty SIS g s slagsse
Slaiye e (sodbamlne ol b b Lo (V) s gl ol 2 il ogMle S oo cimogs yizg |y o ol (/3330
pod 4 ye dnd Jho Jl Ol Al Cums sl S5 ol ordtalejl ol b s ko 4y pgd 4 pe ash Jae )3 I8 5
oozl b O ()9 idlS wyp 50 55 (Yo YY) 18565 g jpge bilodd Clo  olowd &g 4 [ETVeS e cpl &S Cowl (pl odimd oyl
e Al lp (Setw Jdo cnpie olpisd |y ped 45 pe and Sitipw o S5 jodlgurtpunl b 0 JIed 5 s Cudgiiy O3l
3,5 (Byme

DPLBG650 lawgi 5 g poiw i Syivaw s o0 s yiol )b Y Joua
Jol 4 ye 4l St Jso

Qeexp (MQ/G) ke (1/min)  Qeca (MQ/Q) R? o9
YV/YYEY NEvay YO/A0Y +[AYYY PR
£VAFFY ofxY- ¥/£1a -[ayst S

Pod A yo Al Siiw Jo

Ge.exp (MY/Q) Kz(1/min)  Qe.cal (Mg/g) R? g
\aVAnras W/ evva <y, FF/FYYD -/22a¥ PR
£V/A5FN AA-SY x5y lzdlZZa% NASE S
3
() (<)
6 -
2 <
£ s+ =
j 44 = 14
—ZJ ® o ‘1‘
% m ¥ N
13- L 0-
1
1 !
& 24 =
-1+
14
T T L) T T T L] T T T -2 T T T T T T T T T
0 25 50 75 100 125 150 175 200 225 250 275 20 40 60 80 100 120 140 160 180 200
(aids) gloj (a8ds) ol

293 4 50 dnnd S Jo () 9 Jg! 4 30 dand S Jto (1) :DPLBE50 bawrgi JI5 g oituwr i Sikioww (51013505 .0 JSU



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 2, Summer ( 2025)

A g e i 05950 9 MG EC 51 owypr @
Slgi oo adgl EC [l b la plesily (ol ol cusay oy uiarjiswd Vo gl EC 1o IS 5 s (g2 90 50 Ol el
(¢ 5 iF) o Ss 5 (A) Jssa (W ollSan 5 (ousld) w3l 500 55 Jslome slagys 4 Ol St (poyiod I &
ol ol @l e Lt 1y S g s (slagyg ol (el slaosl  gluigd 5 2905 pignl sladue Jiilp @b
5 JAVA iy &) 55 R? oy b 150S5Y pyignl Jao b DPLBB50 s IS 5 puie sloygs ol disl ol oL
by JIS g mw lapm a¥ Sy (Ren Ol Sl 2505V p gl Jie Sl e w0l sopm )b e il (/Y
ISTAY g <ISOYA ply 55 & IS g mde ls sl (RL) Jobs el )l e (A) Jodo zols 4 dogi b ol addllas 590 Cdls
DPLBB650 cus )b iy i oiomed ol 119055Y Gl pyigil Capollas (g008 anl a5 (S b b oy 6 lie) ol ey
ul)&.o.b 9 U’?i’ ol 64L50d ) L)"M ‘n)f » f)fu.luo a-/4-2) 9 IAYTARALY Cud A )}%i)y J.\n ]a.wy ).15 9 2w u» Lg]){
u,a)l)f u.).> ..\u])S d‘); P)Jj))‘ J.\A By I) );%iy J..\A @Oy dwgy )l.>9u )‘ odlkiiuw! L) uT d)}w w&‘f IR PO (Y’YY)

5,8
DPLBB50 luwgi S g paww o 055951 sdJao b plol,b A Jgun
29o5Y 0 gl Jao
gmax (Mg/g) ke (L/mg) RL R? o9
FAVARRE VV/Y-aq x4y, < [SOYA +/2aYA PR
./24) M ¥YY x4y < [FEAY +[2QAY s
&N9,2 p gl Jae
Kr (mg/g) (L/mg)¥/n n (g/L) R2 o9
Vo /ONYY x Y. NAAZES LV o St
AUYYF x Y. . Jysay «[AAY+ S5
0.8
0.16 <
& . 0.14 4
w g
= o012
1 ! o
?; . l 0.10 4 B
1 1 0.08 -
] 2
- 0.06 4
0.04 4
0.02 4
2.8 279 510 3:] 312 373 3:4 375 3.6 0.0002 0.0;!04 0.0:]06 [LD:}OS 0.0:)!0 0.1]:]12 U.[IIDM
() = a L) log C, {8 syt ) 1/C,

Tigyd 0 595l Jo () 9 529055 053951 Jio (A1) :DPLBE50 bawwgi JIS' 5 masuw > 05951 (slb 12905 .5 JSS

& 5 4 =¥
Sy mpy90 Slod Yo o b gy J55 Sy Jlarg  oolitsl L odd giludind (55598 Cloj (59 alS Limgfy wl 5
A5 IS g e glagyg e bl ke b (0l M5 G g 420 PO glod (S5 Sy Sl il Jlese sans
Slo oledly (gt a8 o L ls 8,5 1B 5 e ey Dp90 wodl oy pcale olgieas DPLBB50 [logy oplplo
Ve adgl EC g i3 VA olas ploj ot 2 )5 ¥e Gl e & ol PH 5 O3l ol Lo (S 5 o) (5198 oo slogise
VooV



Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 2, Summer ( 2025)

Al a8 3y L Giagh onl gl g 5lainyge OBl S Jale 555 Jslore 4l EC il oo comsey yio 0 uion (s
prsil 5 ped asye and St Jo 2,01y T (6y9 2 F3e slogygs 103 YV 3500 tlS' Ul ceslio Lyl ;> DPLBGSO

35 95 oo 55 U5 Sy el (3L o ¥l 45 ) & dgs b 1508 cinogs |y i il ity ol yobody 2geSY
Sl e Sy lgied gl Soj 588 S )3 (550 L (g5gliS slasiloany (EalS s egMe WIS e Jlrse 4 o]
A3k S gase 1 6l 6)lal (sl Bl

uLO)L.a 9 (SCUW|1402144) 4:[%9)) ;AJLB » )Is,m\ L)‘)"o'> ..\.-.e(» o&iisly d)9LB 9 u,ubs).\ wBL’w u.‘Lo u.)ch )1 41;4»9&.\:
23,5 s ()38 5 S el plowl >l g

&l
Aghakhani, A., Mousavi, S. F., Mostafazadeh-Fard, B. 2013. Desalination of saline water with
single and combined adsorbents. Desalination and Water Treatment, Vol. 51: 7-9, P. 1928-
1935. doi: 10.1080/19443994.2012.714731
Ahmad, M., Rafique, M. I., Akanji, M. A., Al-Swadi, H. A., Usama, M., Mousa, M. A., Al-
Wabel, M. 1., Al-Farraj, A. S. F. 2023. Microplastic-Assisted Removal of Phosphorus and
Ammonium Using Date Palm Waste Derived Biochar. Toxics, Vol. 11(11), P. 881.
https://doi.org/10.3390/toxics11110881
Aichour, A., Zaghouane-Boudiaf, H., Djafer Khodja, H. 2022. Highly removal of anionic dye
from aqueous medium using a promising biochar derived from date palm petioles:
Characterization, adsorption properties and reuse studies. Arabian Journal of Chemistry, Vol.
15 (1), P. 103542. https://doi.org/10.1016/j.arabjc.2021.103542.
Alsewaileh, A. S., Usman, A. R., Al-Wabel, M. I. 2019. Effects of pyrolysis temperature on
nitrate-nitrogen (NO3-N) and bromate (BrO3") adsorption onto date palm biochar.
Environmental Management, Vol. 237, P. 289-296. doi:10.1016/j.jenvman.2019.02.045
Dano, M., Viglasova, E., Stamberg, K., Galambos, M., Galanda, D. 2021. Pertechnetate/
Perrhenate Surface Complexation on. Bamboo Engineered Biochar. Materials, Vol. 14 (3), P.
486. https://doi.org/10.3390/ma14030486
Estrada-Vazquez, R., Vaca-Mier, M., Bustos-Terrones, V., Rangel-Peraza, J. G., Loaiza, J. G.,
Hermosillo-Nevarez, J. J., Bustos-Terrones, Y. A. 2024. Degradation of agricultural pollutants
by biopolymer-enhanced photocatalysis: application of Taguchi method for
optimization. Reaction Kinetics, Mechanisms and Catalysis,Vol. 137(1), P. 523-545.
https://doi.org/10.1007/s11144-023-02515-8
Fathy, M., Mousa, M. A., Moghny, T .H. A., EI-Bellihi, A. A .A., Awadallah, A. E. 2016.
Novel Amorphous Carbon Thin Film (ACTF) from Rice Straw to Remove Sodium lons from
Synthetic Saline Water. Advances in Recycling and Waste Management, Vol. 1(2), P.
1000111. doi: 10.4172/2475-7675.1000111
Freundlich, H. M. F. 1906. Over the adsorption in solution. Physical Chemistry, Vol. 57, P.
385-471.
Fseha, Y. H., Sizirici, B., Yildiz, 1. 2022. Manganese and nitrate removal from groundwater
using date palm biochar: Application for drinking water. Environmental Advances, Vol. 8, P.
100237. https://doi.org/10.1016/j.envadv.2022.100237
Hadj-Otmane, C. h., Ouakouak, A., Touahra, F., Grabi, H., Martin, J., Bilal, M. 2022. Date
palm petiole—derived biochar: effect of pyrolysis temperature and adsorption properties
of hazardous cationic dye from water. Biomass Conversion and Biorefinery, VVol. 14, P. 8895-
8905. https://doi.org/10.1007/s13399-022-03127-3
Ho, Y. S., McKay, G. 1999. Pseudo-second order model for sorption processes. Process
Biochemistry. Vol. 34 (5), P. 451-465. https://doi.org/10.1016/S0032-9592(98)00112-5
Jagadeesh, N., Sundaram, B. 2023. Adsorption of Pollutants from Wastewater by Biochar: A
Review. Hazardous Materials Advances, Vol. 9, P. 100226.
https://doi.org/10.1016/j.hazadv.2022.100226.

AR


https://doi.org/10.1016/j.arabjc.2021.103542
https://doi.org/10.3390/ma14030486
https://doi.org/10.1016/j.envadv.2022.100237
https://doi.org/10.1007/s13399-022-03127-3
https://doi.org/10.1016/S0032-9592(98)00112-5
https://doi.org/10.1016/j.hazadv.2022.100226

Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 2, Summer ( 2025)

- Jones, E., Qadir, M., Vliet, M. T. H. V., Smakhtin, V., Kang, S. M. 2019. The state of
desalination and brine production: A global outlook. Science of The Total Environment, Vol.
657, P. 1343-1356. https://doi.org/10.1016/j.scitotenv.2018.12.076

- Lagergren, S. 1898. About the theory of so—called adsorption of soluble substances. Kungliga
Svenska Vetenskapsakademiens Handlingar, Vol. 24 (4), P. 1-39.

- Langmuir, 1. 1917. The constitution and fundamental properties of solids and liquids. II.
liquids. ~ American  Chemical  Society, Vol. 39  (9), P.  1848-1906.
https://doi.org/10.1021/ja02254a006

- Liu, T., Lawluvy, Y., Shi, Y., Ighalo, J. O., He, Y., Zhang, Y., Yap, P. S. 2022. Adsorption of
cadmium and lead from aqueous solution using modified biochar: A review. Environmental
Chemical Engineering, Vol 10 (1), P. 106502. https://doi.org/10.1016/j.jece.2021.106502

- Musie, W., Gonfa, G. 2022. Adsorption of sodium from saline water with natural and acid
activated Ethiopian bentonite. Results in Engineering, Vol. 14, P.
100440. https://doi.org/10.1016/j.rineng.2022.100440

- Mutasher, A. K. A, Al-Saadi, R. J. M., Al-Mohammed, F. M. 2021. Assessment and
Management of Drainage Water Quality for Reuse in Irrigation Projects. Smart Science, Vol.
9(2), P. 80-102. https://doi.org/10.1080/23080477.2021.1898795

- Nguyen, B. T., Dinh, G. D., Dong, H. P., Le, L. B. 2022. Sodium adsorption isotherm and
characterization of biochars produced from various agricultural biomass wastes. Cleaner
Production, Vol. 346, P. 131250. https://doi.org/10.1016/j.jclepro.2022.131250

- Patra, B. R., Nanda, S., Dalai, A. K., Meda, V. 2021. Taguchi-based process optimization for
activation of agro-food waste biochar and performance test for dye adsorption. Chemosphere,
Vol. 285, P. 131531. https://doi.org/10.1016/j.chemosphere.2021.131531

- Qiu, B., Gorgojo, P., Fan, X. 2022. Adsorption desalination: Advances in porous adsorbents.
Chemical Engineering, Vol. 42, P.151-1609. https://doi.org/10.1016/j.cjche.2021.08.032

- Razmi, B., Ghasemi-Fasaei, R., Ronaghi, A., Mostowfizadeh-Ghalamfarsa, R. 2022.
Application of Taguchi optimization for evaluating the capability of hydrochar, biochar, and
activated carbon prepared from different wastes in multi-elements bioadsorption. Cleaner
Production, Vol. 347, P. 131292. https://doi.org/10.1016/j.jclepro.2022.131292

- Rostamian, R., Heidarpour, M., Mousavi, S. F. and Afyuni, M. 2015. Characterization and
Sodium Sorption Capacity of Biochar and Activated Carbon Prepared from Rice Husk.
Agricultural Science and Technology, Vol. 17, P. 1057-1069

- Saremi, F., Miroliaei, M. R., Shahabi Nejad, M., Sheibani, H. 2020. Adsorption of tetracycline
antibiotic from aqueous solutions onto vitamin B6-upgraded biochar derived from date palm
leaves. Molecular Liquids, Vol. 318, P. 114126. https://doi.org/10.1016/j.molliq.2020.114126

- Singh, P., Garg, S., Satpute, S., Singh, A. 2017. Use of Rice Husk Ash to Lower the Sodium
Adsorption Ratio of Saline water. Current Microbiology and Applied Sciences. Vol. 6 (6), P.
448-458.

- Wang, S., Kwak, J. H., Islam, M. D. S., Naeth, M. A., Gamal EI-Din, M., Chang, S. X. 2020.
Biochar surface complexation and Ni(ll), Cu(ll), and Cd(Il) adsorption in aqueous solutions
depend on feedstock type. Science of The Total Environment, Vol. 712, P. 136538.
https://doi.org/10.1016/j.scitotenv.2020.136538

- Xue, Y., Kamali, M., Askari, N., Costa, M. E. V., Appels, L., Dewil, R. 2024. Exploring the
roles of ascorbic acid/L-cysteine in boosted carbamazepine degradation by biochar-
CuFe204/Fe203/CuO/peroxymonosulfate: Taguchi optimization and mechanistic studies.
Environmental Chemical Engineering, Vol. 12 (3), P. 112540.
https://doi.org/10.1016/j.jece.2024.112540

- Zahed, M., Parsamehr, P. S., Ahmadzadeh Tofighy, M., Mohammadi, T. 2018. Synthesis and
functionalization of graphene oxide (GO) for salty water desalination as adsorbent. Chemical
Engineering Research and Design, Vol. 138, P. 358-365.
https://doi.org/10.1016/j.cherd.2018.08.022.


https://doi.org/10.1016/j.scitotenv.2018.12.076
https://doi.org/10.1021/ja02254a006
https://doi.org/10.1016/j.rineng.2022.100440
https://doi.org/10.1080/23080477.2021.1898795
https://doi.org/10.1016/j.jclepro.2022.131250
https://doi.org/10.1016/j.chemosphere.2021.131531
https://doi.org/10.1016/j.jclepro.2022.131292
https://doi.org/10.1016/j.molliq.2020.114126
https://doi.org/10.1016/j.scitotenv.2020.136538
https://doi.org/10.1016/j.jece.2024.112540

Journal of Environmental Sciences Studies (JESS) Vol. 10, No. 2, Summer ( 2025)

pole Slalllas dolibad «SB 5 O Lo 5l e clale 5ol )3 & 1050 diwgy Hlidlo 6l O3l SUlgs VFee ) Jow) ag oS3 -
IYFF-ITYS o ) oyloid ¢ 5 093 ¢ Connj baaxo

S oL ods b jlog,um jl oolitul b (65,5LiS (laclo; 5l clind Cils ¢lwangs IYAR wg (g pob ) ¢ Sloiin g -
AAEO-VADY o OF ss o olod ()l pl (iS5 g (oylol 4yl

oKl s )] ol )5 aslibb sladls b 5l eolitul b SB g g (o slaJgloe | madu pais s awyp IV L Jow, -
alisle)s 55

Sleal lyen e olKuisly b)) ol 8 Aol bl 5 pged) G3la lawg ol Jsbre 1 IS Gl lne gy IYAS L ¢ ool -

9 @ Ly ) GO hwg Ol (6)98 (il (Sl ATA o gy (o @dlicien oS (lodw wB (LSS -
NeEAY o YV ojles F Jlo ol g (oylol owdige (imgh cole dolilad o

syl gals 3 28 cd s slabg s jl oadades Jld )8 il AYAS cp 6)lod ep gy e o 2bsS sl ep ¢ sold -
MY 2V o d oyleds FA 093 (o)l (55598 pole) o)l SB 5 T Silading dlms o gl O (59

ad St WL 5 56 ogr (e ol bawg ol Jslome Sl jiad Gl (g IR o Cangdlid g eme g o 2l)S -
SYA-RAY o ¥ o)led Y 090 (ol S g O @lision aloe «dlSle 3 calises (slaled )3 ond

Voo VY



