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Abstract

Introduction

Irrigation water salinity is a very serious problem in different parts of the world, especially in arid and semi-arid
regions. Increasing fresh-water demand due to population growth causes the pressure on water resources to
increase in the future causing the water supply through saline and unconventional water to become a serious
issue, especially in areas facing water scarcity. On the other hand, agriculture is the world's greatest water
consumer where saline water reduces the products, destroys the soil structure, and damages the environment.
Wastewater desalination and water reuse is a relatively new approach in the water industry that solves saline-
water problems through various methods. But it is uneconomical due to high equipment costs and energy
consumption, especially in agriculture where water consumption is much higher. To remove pollutants, various
studies have used different adsorbents such as biochar, activated carbon, zeolite, and resin among which biochar
can effectively remove pollutants from aquatic environments because it is an effective, inexpensive, polar, high-
porosity adsorbent. lon exchange, complex formation, surface adsorption, electron sharing, and biochar
(carboxylic and pHenolic) - functional group interaction are among various mechanisms where the presence of
negative charge on the biochar surface and positive charge on metal ions improve the adsorption process. As the
activated carbon is made from cheap materials as wood, coal, oil, coke, sawdust, and plant waste, it is quite
economical and highly capable of removing a wide range of organic and inorganic pollutants from aquatic and
gaseous environments.

Materials and Methods
To prepare biochar, this research used the sugarcane bagasse as primary biomass by 1) washing it several times

with ordinary and distilled water and drying it in the open air to remove its remaining salts, 2) crushing it with an
industrial mill and placing it in an oven at 60 °C for 24 hrs to remove its excess moisture, 3) grinding the crushed
bagasse with a small mill for further milling, 4) passing it through 60 and 100 mesh sieves in two stages for more
uniformity and 5) placing it in closed containers. Biomass was converted to biochar (BC) using a heat-
programmable electric furnace where the temperature rise was set at five °C/min for a uniform heat distribution.
Bagasse was placed inside a steel reactor into which nitrogen gas was injected at a fixed flow rate and prevented
oxidation. Biomass was kept at 600 °C for two hrs thereafter the furnace was turned off, while nitrogen gas was
injected, and the temperature was slowly lowered to that of the lab. Considering the sizes of the furnace and
reactor, each time 20 g biomass was placed in the reactor and about five g biochar was produced after the
carbonization process; the biochar production efficiency under these conditions was about 25%. Nano biochar
(N-BC) was made by a planetary ball mill with ceramic cups and bullets where the bullet-to-biochar weight ratio
was 15-to-one and the rotation speed was 300 rpm. The good mill-activity time was two, four, and six hrs. It
worked for three min and rested for one minute to prevent the temperature from rising and cohesive masses from
forming in the samples; as size and uniformity of particles were important, use was made of a gradation device.

Results and Discussion
In all treatments, by increasing the initial Chlorine concentration, the Chlorine removal had an increasing trend.

on average, this was, using activated nano biochar 74.4% more than activated non-nano biochar. Magnetizing
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nano-absorbents reduced the Chlorine removal by 18.8%, on average. The highest and lowest Chlorine removal
reductions due to the adsorbent magnetization were 31.6 and 10.9%, respectively. The highest Chlorine removal
in all three activated non-nano, activated nano, and magnetically activated nano adsorbents (200 and 400 W
treatments) was measured for an activator-to-biochar ratio of three. According to the results, Chlorine adsorption
by magnetically activated nano absorbent reached equilibrium after 480 min in the treatment with 200 and 700
W microwave power and after 540 min in treatment with 400 W microwave power. Increasing the initial
Chlorine concentration from three to 25 g I'%, increased the Chlorine removal by the magnetically activated nano
absorbent by three, 3.5, and 2.6 times in 200, 400, and 700 W microwave power treatments, respectively.

Conclusion

The pseudo-first-order kinetic model had a good correlation with the data and the pseudo-second-order kinetic
model did not correlate well with the data in times less than 60 min; hence, the dominating adsorption mechanism
was not chemical in this interval. Intraparticle diffusion was an effective Chlorine-adsorption factor from the
beginning of the adsorption process. Considering the correlation coefficient and sum of squared errors, the pseudo-
first-order kinetic model and the intraparticle diffusion model had the highest correlation with the measured data.
The average correlation coefficient for Langmuir and Freundlich models was found to be 0.9938 and 0.886,
respectively. Therefore, the Langmuir isothermal model conformed better to the measured data than the Freundlich
model.
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Figure 4- Comparison of chloride ion removal ability by nano-activated biochar and non-nano-activated biochar
K-BC-200: average results of non-nano activated biochar for 200 W and activation time of 5, 10, and 15 min and activator )
ratio of 2, 3, and 4; KN-BC-200: average results of nano-activated biochar For microwave power of 200 W and activation time of 5,
10 and 15 min and activator ratio of 2, 3 and 4 (similarly for Figure 4-b-c); K-BC-mean: overall average of non-nano activated
biochar results for microwave powers of 200, 400 and 700 W and activation time of 5, 10 and 15 min and activator ratio of 2, 3 and 4;

KN-BC-mean: the overall average of activated nano biochar results for powers of 200, 400 and 700 W and activation time of 5, 10
(and 15 min and activator ratio of 2, 3 and 4
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Figure 5- Comparison of chloride removal ability by activated nano biochar and magnetically activated nano biochar

(KN-200: average results of nano-activated biochar for 200 W and activation time of 5, 10, and 15 min and activator ratio of 2,
3, and 4; MKN-200: average results of magnetically activated nano biochar For microwave power of 200 W and activation time of 5,
10 and 15 min and activator ratio of 2, 3 and 4 (similarly for Figure 5-b-c); KN-mean: overall average of activated nano biochar for
microwave powers of 200, 400, and 700 W and activation time of 5, 10, and 15 min and activator ratio of 2, 3 and 4; MKN-mean: the

overall average of magnetically activated nano biochar results for powers of 200, 400, and 700 W and activation time of 5, 10 and 15
min and activator ratio of 2, 3, and 4)
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Figure 6- Effect of activator to absorbent ratio on chloride removal
(K-BC: average results of non-nano activated biochar for activation time of 5, 10, and 15 min and initial chloride concentration of 3,
5,and 10 g I'l; KN-BC: average results of nano activated biochar for activation time 5, 10, and 15 min and the initial concentration
of chloride 3, 5, and 10 g I'; MKN-BC average results of activated magnetic biochar for the activation time of 5, 10, and 15 min and
the initial concentration of chloride 3, 5 and 10 g per liter; K-BC mean: overall average results of non-nano activated carbon for
powers of 200, 400, and 700 W and activation time of 2, 3, and 4 min; KN-BC mean: overall average results Activated nano biochar
for microwave powers of 200, 400, and 700 W and activation time of 5, 10, and 15 min and activator ratio of 2, 3, and 4, MKN-BC

mean: the overall average of the results of magnetically activated nanochar for powers of 200, 400, and 700 watts and activation time
of 5, 10 and 15 min and activator ratio of 2, 3, and 4)
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Figure 7- The effect of initial concentration and microwave power in reducing chloride removal

(A: K-BC: general average of non-nano activated biochar for powers of 200, 400, and 700 watts and activation time of 5, 10, and 15

min and activator ratio of 2, 3, and 4; KN-BC: general average of nanocharcoal active bio for powers of 200, 400, and 700 W and
activation time of 5, 10, and 15 min and activator ratio of 2, 3, and 4. B: MKN-BC overall average of activated biochar for powers of
200, 400, and 700 W and Activation time of 5, 10, and 15 min. K-BC: total average of non-nano activated carbon per initial chloride
concentration of 3, 5, and 10 g I'*and activation time of 5, 10, and 15 min and activator ratio. 2, 3, and 4, KN-BC: the overall average
of activated nano-carbon for initial chloride concentrations of 3, 5, and 10 g I'* and activation time of 5, 10, and 15 min and activator

ratio of two, three, and four; BC, the overall average of magnetically active nano biochar for initial chloride concentrations of 3, 5,
and 10 g I'* and activation time of 5, 10, and 15 min and activator ratio of 2, 3, and 4)
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Figure 9- Fitting the pseudo-first-order kinetic model on
the measured values
(MKN-BC-200-10: magnetic active nano biochar for
power of 200 W and activation time of 10 min and activator
ratio of 3; MKN-BC-400-10: magnetic active nano biochar
for power of 400 W and activation time of 10 min and
activator ratio 3; MKN-BC-700-10: magnetic active nano

biochar for 700 W power and 10 min activation time and
activator ratio 3)
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Figure 8- The effect of contact time on the amount of
chloride removal by magnetically active nano biochar
(MKN-BC-200-10: Magnetically active nano biochar for 200
W power and 10 min activation time and 3 activator ratio;
MKN-BC-400-10: Magnetic active nano biochar for 400 W
power and 10 min activation time and activator ratio of 3,
MKN-BC-700-10: magnetically active nano biochar for

power of 700 W and activation time of 10 min and activator
ratio of 3)
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Figure 11- Fitting the pseudo-second-order kinetic model
to the measured values (disaggregated)
(MKN-BC-200-10: magnetically active nano biochar for
200 W and 10 min activation time and 3 activator ratio;
MKN-BC-400-10: magnetically active nano biochar for 400
W and Activation time 10 min and activator ratio 3, MKN-

BC-700-10: Magnetic active nano-biochar for 700 W and
activation time 10 min and activator ratio 3)

23l pgd d5ye and (Stipw Jdo (Bjlp WY JSS

JSs ol 53 48 sblan (ol 005 &l)) 05 (S0l
e g & 3l 50 S slalej lil 4 20 o oanliie
503l Godly b (wlio (A5l pod 4 ye 4nd (Sytiw
Sused (pl 488> £l Gt sbplej 3 (Jg )85 0l
I St gloodly cns &Sl & 25 b sl 0l 5
2 elend Cla 9 QB b yLid ped A ye aud e
1 Olssiee did (Nikkhah et al., 2016) cul Gis 1yl 3
P eJB iy olerd Clo @i £l Sk slagle;

ol Gl an] 3

81853 (993 395 (St Jubo —V-0-Y
09° 3-8 (St Jao Ly QA Jols (lmosls (53],
polie g ad ool yoilys b (oYL Siaed I LS (gloyd
Loy 5 L Lol 3 allf (sl 395 )8 5 el
i 3l ol 3] glojd (y99 398 i a3 plosl Sy
Eo Jade aadaYer lam slalo; olil 4 onds ooly oylis

Jde g i 428> £ 5l amy g B B5L 90 4y aodly ¢yl
5 ab ool il ojl 9o (ol o AlBls jebay pad A pe aud

plie p ped dSpe Al (S Jlo Bjlp W) USS
Cowl 04 djl)l [ xW) &&w O yguody oD d):fo)'bjl

3 -
A
25
2
Fis P
>
- y=0.0017x + 1.2837
. ® MKN-BC-200-10 X 05100
A MKN.BC4opgo ¥ =0:0029% +0.9261
05 i R?=0.7914
! y = 0.0015x + 1.6786
MKN-BC-700-10 R? = 0.1863
o 1 1 1 1 1 L 1 1 ]
0 60 120 180 240 300 360 420 480 540 600
(403) cslej
320l 9 99 A po A (S Jao il -V e S
EXWPSU T 3IKY

Olg Yoo a8 gl5l a4 ommblide Jlad JIE ;5 96 :MKN-BC-200-10)
MKN- faw jlwJlad Comd g atidd Yo g5l Jlad 4boj g 929950
Olg Lo e &8 g5l &) ommbliae Jlad JIE 5 93U :BC-400-10
MKN- faw jlwJlad Comd g atidd Yo g5l Jlad 4boj g 929950
Olg Voo &8 g5l a4y ommbliae Jlad JI€ 5 oL :BC-700-10
(4 Lurlnd Commnd g B> Vo (gilunlad (yloj 5 929955 Lo
Figure 10- Fitting the pseudo-second-order kinetic model on
the measured values
(MKN-BC-200-10: magnetic active nano biochar for 200 W
power and activation time 10 min and activator ratio 3;
MKN-BC-400-10: magnetic active nano biochar for 400 W
power and activation time 10 min and activator ratio 3;

MKN-BC-700-10: magnetically active nano biochar for 700
W and 10 min activation time and activator ratio 3)
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Figure 12- Fitting the pseudo-second-order kinetic model on

the measured values

(MKN-BC-200-10: magnetic active nano biochar for 200 W
power and activation time 10 min and activator ratio 3;
MKN-BC-400-10: magnetic active nano biochar for 400 W
power and activation time 10 min and activator ratio 3;
MKN-BC-700-10: magnetically active nano biochar for 700
W and 10 min activation time and activator ratio 3)
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Table 2- The results of fitting the kinetic models on the measured values

Jgl 4550 4 SSE R2 K1 Qe
KBC 200-10 (KOH/BC=3) 0.074 0.9784 0.0096 222.79
KBC 400-10 (KOH/BC=3) 0.11 0.9708 0.0094 251.76
KBC 700-10 (KOH/BC =3) 0.058 0.9842 0.0089 188.14
P9 45 ye 4 SSE R2 k2 Qe
KBC 200-10 (KOH/BC =3) 0.396 0.3109 2.25E-06 588.2
KBC 400-10 (KOH/BC =3) 0.297 0.7914 9.08E-06 344.8
KBC 700-10 (KOH/BC =3) 0.483 0.1862 1.34E-06 666.66
(005 KS5) pod hufpo 4 SSE R2 k2 Qe
KBC 200-10 (KOH/BC =3) 0.072 0.9162 6.65E-06 400
KBC 400-10 (KOH/BC =3) 0.048 0.989 1.84E-05 285.7
KBC 700-10 (KOH/BC =3) 0.124 0.7557 4.11E-06 434.7
Sty SSE R2 Kp c
KBC 200-10 (KOH/BC =3) 0.01 0.968 115 325
KBC 400-10 (K/B=3) 0.014 0.943 10.4 -14.6
KBC 700-10 (K/B=3) 0.01 0.969 9.9 -31.1
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Figure 14- Fitting the Langmuir absorption isothermal
model to the measured values

YMK3N-BC-200-10: magnetically active nano biochar per
activator ratio of 3, power 200 W and activation time of 10
min, MKN-BC-400-10: magnetically active nano-biochar per
activator ratio of 3, 400 W power and 10 min activation time;
MKN-BC-700-10: magnetically activated biochar for 3

activator-former ratios, 700 W power and 10 min activation
time)

L 2Vl cilas pgeSSY sloden Juo VO S 3l

s e Ol dus b 5 g Azl o g pSojlul yalae

il aaw 59y LIS Gl 1wl Loy AV YL
Gl 0l plosl 4Y SO ygody

@J.Msjﬁ dbbwb -Y-1-y

S5y WYL Cjgon Ol &S 0D (28 gl Jae
2 @inp i Gl V0 U5 3 Sy 5 Ol o
SSo3lul slodly o pd copd pdlde L &) aeols
dulio 3 a5 Cunl 0391 duo)d Ar Dgas Eiigyd Jdo g 0l
g (il ¥ Jota 53 Cunl S 9055V Jue b
s slapelly oad (6ySojlul plie p Qi sloden
Lol 045 45‘)‘ C.J.bﬁ).‘? 9 )J?Ai)y LgLo.JﬂJb

(il 520 55) A5 4yl Clile

KBC 200-10
KBC 400-10
D KBC 700-10

3 5 10 15 20 25

- (A 205 w8 adyl cdale
JE5 95U bawgi Bl lade 0wl b5 cdale 5 -V U
9 bawgil WIS Bl Cud b (W omnblize Jrd g ;
il gl aidids wlHls wo s (@ il
Sy Yoo O yud g5l &) omblide Jlad JIE; 9l :MKN-BC-200-10)
JL&; 95U tMKN-BC-400-10 ¢ad83 Y+ g3l Jlad 4o} 5 3299 Sk
Silodlad gloj g 999,510 Olg Lo v )0 (G131 &1 (ommblie Jlad
G851 Ay b lizo Jlxd JI&5 45U tMKN-BC-700-10 ¢ad8> Y +
(4B Vo (g3lwdled o 9 52995l lg Vo +
Figure 13- The effect of chloride concentration on the
amount of removal by activated magnetic nano biochar, a)

The capacity of chloride removal by the adsorbent and b)
The percentage of chloride removed by the adsorbent)

(MKN-BC-200-10: magnetically active nano biochar for 200
W power and 10-minute activation time; MKN-BC-400-10:
magnetically active nano biochar for 400W power and 10-
minute activation time; MKN -BC-700-10: magnetically
active nano biochar for 700 watts power and 10 min
activation time)
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Figure 15- Fit of the Freundlich adsorption isotherm as R'=0.9165
model on the measured values ’ CIMK3N-BC-700-10 ¥ = 0.4709x+0.7905
(MKN-BC-200-10: magnetically active nano-biochar with 3 {0008
an activator ratio of three, power 200 watts and activation 6 7 8 9 10 11
time of 10 min; MKN-BC-400-10: magnetically active nano- In (Ce) (g/1)
biochar with an activator ratio of 3, 400 W microwave power Mio o 2o 8 wds  clod Mo o3l =10 JSU
and 10 min activation time; MKN-BC-700-10: magnetically % P @S ° ¢ fv‘h J oan
active nano-biochar per activator ratio 3, 700 W microwave B (5 S 03101
power and 10 min activation time)
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Table 3- Fit of isothermal absorption models on the measured values
505 SSE R? Ka Qe
MK3N-BC-200-10 (KOH/BC=3) 2.65 0.98 0.0003 344.82
MK3N-BC-400-10 (KOH/BC=3) 2.69 0.97 0.0005 416.66
MK3N-BC-700-10 (KOH/BC =3) 3.16 0.99 0.0005 294.11
PARPYC SSE R? k¢ 1/ng
MK3N-BC-200-10 (KOH/BC =3) 0.26 0.92 1.69 0.50
MK3N-BC-400-10 (KOH/BC =3) 0.93 0.92 177 0.23
MK3N-BC-700-10 (KOH/BC =3) 2.24 0.91 1.61 0.75
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