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Table 1. Effect of surface and chemical modification on yield, proximate analysis, pH and EC of biochar

Tretments Yield Ash Fixed C. pH EC

% % % - dsS m?
BC-CW 36.32°¢ 33.00¢ 31.67°2 9.19°¢ 6.32°¢
Mg-CW 41.77°¢ 38912 21.8¢ 10.02° 24,582
Fe-CW 44502 36.25° 22.14 9.14¢ 6.49 ¢
Ca-CW 40.94°¢ 39.00° 23.46¢ 10.15° 23.14°
HCI-CW - 15.63 ¢ 15.39f 7¢ 1.88"
H,S04-CW - 12.83¢ 14.51F 7¢ 1.021
NaOH-CW - 18.24 49 31.832 7¢ 2.27 9
KOH-CW - 15.72¢ 32.38°2 7¢ 2.539
BC-CR 29.26 33.63°¢ 31.84° 10.34 2 6.08 ¢
Mg-CR 39.04 ¢ 36.80° 26.82° 10402 19.42¢
Fe-CR 43.06° 37.47° 22.42¢ 9.20°¢ 361F
Ca-CR 37.38¢ 39.01° 25.40 ¢ 10522 20.45°¢
HCI-CR - 14.19¢ 12.07¢ 7¢ 0.91°
H,S0.-CR - 13.85 17.72¢ 7¢ 0.871
NaOH-CR - 16.97 % 32.18° 7¢ 1221
KOH-CR - 16.69 © 32.15° 7¢ 1.231

Bl 55l sire (g ylel BB s yd i Jlei s 50 SIS yge3] bl S e By, 5l (sla i Siles
Means with similar letters are not significantly different at 5% probability level according to Duncan test.
iy g5 g ouis ol sy JI&5 o a4 KOH NaOH H,S04 HCI .Ca [Fe Mg BC 5 s s J; CR e )3 sblay s J&5 CW

MLGAKOH 9 NaOH H,SO, HCI ‘CaClz ‘FeCIZ ‘MgClz L e»\.i’ac')l.al

CW: Corn waste biochar; CR: Common reed biochar and BC, Mg, Fe, Ca, HCI, H2SO4, NaOH and KOH are unmodified biochar and
modified biochar with MgCI2, FeCI2, CaCl2, HCI, H2SO4, NaOH and KOH, respectively.
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Figure 1. Effect of chemical and surface modification on cation exchange capacity of biochar.
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CW: Corn waste biochar; CR: Common reed biochar and BC, Mg, Fe, Ca, HCI, H2SO4, NaOH and KOH are unmodified biochar and
modified biochar with MgCl2, FeCl2, CaCl2, HCI, H2SO4, NaOH and KOH, respectively.
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Figure 2. Effect of chemical and surface modification on anion exchange capacity of biochar
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Means with similar letters are not significantly different at 5% probability level according to Duncan test.
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CW: Corn waste biochar; CR: Common reed biochar and BC,

Mg, Fe, Ca, HCI, H2SO4, NaOH and KOH are unmodified biochar and

modified biochar with MgCI2, FeCl2, CaCl2, HCI, H2SO4, NaOH and KOH, respectively.
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Figure 3. Effect of chemical and surface modification on surface area of biochar
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Means with similar letters are not significantly different at 5% probability level according to Duncan test.
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CW: Corn waste biochar; CR: Common reed biochar and BC, Mg, Fe, Ca, HCI, H2SO4, NaOH and KOH are unmodified biochar and
modified biochar with MgCI2, FeCI2, CaCl2, HCI, H2SO4, NaOH and KOH, respectively.
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Table 2. Pearson coefficient of modified biochars parameters

Ash Fix C. pH EC SA CEC AEC
Ash 1.00
Fixed C. 0.958™ 1.00
pH 0.936™ -0.791™ 1.00
EC 0.829™ -0.870"  0.939™ 1.00
SA 0.335" -0.120™  0.110™ 0.127m 1.00
CEC -0567"  -0.365" 0.335 0.220 0.144" 1.00
AEC 0.763" -0.819™ 0.722™ 0636™ 0.835™ 0.205™ 1.00
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ns

", ™ and " represent non-significant, significant at 1% and 5% probability level and, respectively.
Jobs 2ad b AEC 5 Ssuls Jobs b :CEC o039 prlan SA (S xSl colas EC sa ol PH o0l s )5 Fixed C ¢ uss- AAsh

T

Fixed C: Fixed carbon; EC: electrical conductivity; SA: surface area; CEC: cation exchange capacity; AEC: anion exchange capacity.
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Table 3. Effect of surface and chemical modification on elemental composition and atomic ratio of biochar

Carbon  Oxygen Hydrogen Nitrogen  Sulfur CIN o/C H/C  (O+N)/C
Units % % % % % - - - -
BC-CW 59.93° 4,16 1.04f 1.55°¢ 0.30° 44909 0.057 o0.21f 0.08f
Mg-CW 30.71 8.65°¢ 0.85" 0.96° 044°¢ 37327 021" 033 0.24°
Fe-CW 27.12" 11.02° 0711 0.829" 0.38° 3859" 0.30% 0.31% 0.332
Ca-CW 45,351 8.49¢ 0.94¢ 1.02¢ 041° 4055" 0.18% 0.32% 0.20™
HCI-CW 29.08™ 12.242 0.96% 1.23¢ 0.28°F 2758™ 0.32® 0.40° 0.35°
H.SO,-CW  31.14%  11.91% 1.01% 0.97°¢ 0.40¢ 37457 0.29® 0.39° 0.312
NaOH-CW  50.13° 8.16° 1.23¢ 1.74° 0.23% 3361k 0.12% (0.29% Q15%
KOH-CW  4947¢  9.27¢ 1.47¢ 1.90°  0.27°% 30.54' 0.14% 035« (.17«
BC-CR 61.10° 3.041 1.06f 0.88 1 1.33¢ 8091% 0039 0.21f 0.05f
Mg-CR 46.27f 10.50° 0.48" 0.907 1.40° 59.99¢ 020 0.22f 0.21%
Fe-CR 49.54¢ 12,047  1.05f 0829  1.36° 70.48° 0.16% 0257 017"
Ca-CR 53.30¢ 6.219 0.80" 0.75" 148 75.13°> 0.10°¢ 0.20f 0.11°¢
HCI-CR 38.491 6.769 2.98¢ 1.00°¢ 0.31° 44919 0.13% 00932 0.15¢%
H2S0,-CR 39.78 " 7.437 3.00¢ 0.74" 4.14% 62729 0.14°%"  0.90° 0.16¢%
NaOH-CR 58.47 ° 8.14° 3.12b 1.25¢ 043¢ 5457F 010  0.64° 0.12¢
KOH-CR 55.16 5.32" 3.31° 1.18¢ 046° 5454F 0.07Ff 0.72° 0.09f

..,\J)\..\J 6)“3@"'" ‘5)&] LS oy 7y JLQ.:DI @a..; 50 OS;’L) u}n;‘ u..;LJ » J,.......n djj"’ 6)‘9 6wa_<.1L..A
Means with similar letters are not significantly different at 5% probability level according to Duncan test.
ey o J 5 g oais ol sy J&5 o5 4y KOH NaOH H,S04 HCI .Ca [Fe Mg BC 4 & sy J&; CR 103 Lliy sy J&5 CW

‘.\.....;LGA KOH ) NaOH H,S0O, HCI .CaCl, FeCl, ‘MgCIZ L ooas C}L@‘

CW: Corn waste biochar; CR: Common reed biochar and BC, Mg, Fe, Ca, HCI, H2SO4, NaOH and KOH are unmodified biochar and
modified biochar with MgCI2, FeCl2, CaCl2, HCI, H2SO4, NaOH and KOH, respectively.
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Abstract

In recent years, modified biochar application has been receiving attention in removal of organic and
inorganic contaminants, soil amelioration and production of biochar based slow release fertilizers.
The aim of this study was to investigate the effect of various modification approaches on physical
and chemical traits of corn residue and common reed derived-biochar. For this purpose, chemical
modification methods (using iron- magnesium- and calcium- chloride) and surface modification
(using sulfuric- and hydrochloric- acid, potassium- and sodium- hydroxide) were used to modify
common reed and corn residues derived biochars in a completely randomized design. Then, the
characteristics of modified biochars including yield, approximate analysis, pH, electrical
conductivity (EC), cation exchange capacity (CEC), anionic exchange capacity (AEC) and specific
surface area (SSA) were measured. The results showed that the highest specific surface area, cation
exchange capacity and anion exchange capacity were observed in iron modified common reed
biochar (217.94 m? g%, 111.43 cmolc kg and 22.13 cmolc kg?, respectively) and magnesium corn
residue biochar (respectively, 210.83 m? g, 137.40 cmolc kg™ and 16.93 cmolc kg, respectively).
Carbon content and C/N ratio decreased in the samples treated with acid, base and metal salts
compared to the initial samples. Oxygen content, O/C and H/C ratios showed a decrease in in all
treatments after chemical and surface modification. While the content of hydrogen and nitrogen in
the acids and metal salts modified biochars were increased and decreased in the base modified
treatments. In general, using various modification methods can play a very important role in
optimizing biochar properties, according to the aim of its application in soil.
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