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Abstract higher than that for Cd(25 mg/g) in the binary-metal

adsorption isotherm. Cu was the most retained cations. Cd
BACKGROUND: Heavy metal adsorptionnot only could be easily exchanged and substituted by Cu. The
depends on biochar characteristics but also on the natureof ~ amounts of adsorbed metals in the column experiments
the metals involved and on their competitive behavior for ~ Were in the order of Cd (121 mg/g) > Cu (96 mg/g) in
biochar adsorption sites. The goal of this study was to ~ mono-metal conditions, and Cu (72 mg/g) > Cd (29 mg/g)

investigate the competitive absorption characteristicsof Cu ~ in binary-metal conditions.
and Cd in mono-metal and binary_meta| forms by biochar CONCLUSION: Overa”, the results demonstrated that
derived from Phragmites communis. competitive adsorption among metals increased the

METHODS AND RESULTS: Batch and column experiments mobility of these metals. Particularly, Cd in binary-metal
were conducted to evaluate the competitive adsorption conditions lost its adsorption capacity most significantly.

characteristics of the biocharfor Cu and Cd. In the batch
experiments, the maximum adsorption capacity of Cd(63
mg/g) by biochar was higher than that for Cu (55 mg/g) in
the mono-metal adsorption isotherm. On the other hand, the
maximum Cu adsorption capacity (40 mg/g) by biochar was
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Mono-metal, Phragmites communis
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Table 1. Physico-chemical properties of biochar derived
from Phragmites communis

Content Biochar

pH (1:25) 9.84

C (%) 80.2

H (%) 1.6

N (%) 2.4

S (%) 0.29

Chemical O (%) 14.2
property  H/C 0.239
o/C 0.133

(O+N)/C 0.158
(O+N+S)/C 0.159

Cd (mg/kg) ND

Cu (mg/kg) 48.6

. Yield (%) 21.6
;23;;;?}1, Surface area (m’/ g) 148.9
Total pore volume (cm’/g) 0.0652

The yield of biochar was calculated as the mass of biochar
generated from a unit dry mass of Phragmites communis.
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Fig. 1. Surface structure and element composition of biochar derived from Phragmites communis using Scanning

Electron Microscope and Energy Dispersive Spectrometer.
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Cd(NO3)z -4H,O ‘;1 Cu (NO3)2 -2.5H,O (GR grade,
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mm©]1, £°]7} 15 cm?] PVCE A &3}k column YH-ol]
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Batch &/&{S S8t ZtH biochar2| Cu ¥ Cd ZHEZIEY

Zttj biochar®] @ 4 o]/d&-g-9] gt Cu % Cd
BRAEFAEY A= A biocharE 0.1 g4 AHEeta
o Felatar @l 9 oldE HEENS 25, 5, 10, 20, 40,
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Fig. 2. Mono-metal and binary-metal adsorption isotherms for
the Cu and Cd by biochar derived from Phragmites
communis in the batch experiment.
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Table 2. Determination of the parameters for the Freundlich and Langmuir adsorption isotherm by test fit approach in
batch experiment of mono-metal and binary-metal adsorption to biochar derived from Phragmites communis

Freundlich adsorption isotherm Langmuir adsorption isotherm
Metals Condition D > - 3 5
Equation K 1/n Equation a b
c Mono-metal y = 0.4202x+0.7812(r=0.9791**)  6.0423 04202 y = 0.0182x+0.2250(r=0.9909**) 54.9 0.0809
u
Binary-metal y = 0.5137x+0.3832(r=0.9851**) 24166 05137 y = 0.0253x+0.8224(r=0.9579*) 39.5 0.0307
cd Mono-metal y = 0.4055x+0.9101(r=0.9884**) 8.1302 0.4055 y = 0.0160x+0.1413(r=0.9929**) 62.6 0.1132

Binary-metal y = 0.4940x+0.2130(r=0.9833**) 1.6330 0.4940 vy = 0.0408x+1.3300(r=0.9786**) 24.3 0.0306

VK : adsorption capacity of heavy metal.

?1/n : an empirical parameter related to the intensity of sorption.
P a : maximum adsorption capacities of heavy metal (mg/g).

YD : binding strength constant of heavy metal.

(*,** denote significance at 5.0 and 1.0% levels).

Freundfich isotherm Langmuir fsotherm
3r @ lono-metal 10 ® Mono-metal
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Elr . 5
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Fig. 3. Freundlich and Langmuir isotherm plots in mono-metal and binary-metal adsorption isotherms for the Cu and
Cd by biochar derived from Phragmites communis in the batch experiment (C is the concentration of heavy metal in
solution at equilibrium (mg/L), q is the mass of heavy metal adsorbed to the biochar (mg/g)).

Langmuir s >524& o83 Cu ¥ Cd9 Hoi52 s o] B we FHof F2e2 AdE o]gsty o]
(@) @ 84 1 Cd (63 mg/g)7t Cu (55 mg/g)°l A BoelMe] e 9 FFERe] A
Hlal] 352 W, ol 84 vl Cu (40 mg/g)7F Cd (25 Fig. 404 Hi= wke} o] Cde 61% #Aatalal, Cu
mg/g)°l B3l =%THFig. 3 ¥ Table 2). 28% ZrAaskch

Batch2@ellA] Cu 9 Cde] & &9 thsh Ao S Freundlich®} Langmuir &2 242 &5 543 4
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Fig. 4. Maximum metal (Cu and Cd) adsorption capacities
in mono-metal and binary-metal adsorption isotherms by
biochar derived from Phragmites communis in the batch
experiment.
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Fig. 5. Experimental and calculated values from the
Freundlich and Langmuir adsorption isotherms for the
mono-metal and binary-metal conditions.

(@ : Experimental data; —: Freundlich equation
[equation (2)];--- : Langmuir equation [equation (3)]).
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Fig. 6. The breakthrough curves in the mono-metal and
binary-metal columns.

AA|gtrhal ®arEl vk QItHChen et al, 2011; Ding et al,
2014; Li et al, 2014).
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Column AgoA & 4l o]AdF g st biochar
o] Cu ¥ Cd HATFS Akt Aok= Fig. 6914 2 A
7} 2t} Column WellA] Cu ¥ Cd9] dpge ©d g
]/\1 Z}zb 144 4 19¢o ]04 ou:], o] & %@lJoﬂ/ﬂ‘; 71—71—
11 9l 290013l &l o9 7 Cu % Cd &5 27
ol PR sTE Hlon, ] A S eM= Cue =
71 1097 4] w55 Belo, Cd9 45+ 74
271 & =7 w A S7FskiE Column |
A Cu % Cd9] "45} e G SN ZA47F 21U 9 22
dolglom, ol g MM E= 27t 159 W 8Yolqlt
o] AuE wFoE uf, column AFelx ZArf
biochar®] ©@¢ @ o] &gl T3t Cu 4 Cd A2
o tolgolo] wjy} o)A golo] w wrh mHAel Mo
Hoor, gddgdd wl= Cdo AAZ] Cul Aol
H3l =okon, o]t &-od we= Cull A7 Ze] Cde Al
Aol vl3] =9tk Xue 5(2012)¢ HF ALS o4
biochar®] A&zl tfgt A7+ AoMt & A5-4 7))
FYUsE HFORE Cu 9 Cd o[ dEEelx Cull AAHo]
Cdo] A7l Blal Frha ®Barg up gl
Column 234 Ztl biochar?] © 4 o]/ &-g-oloj
st Cu ¥ Cd91 Ho F259) AE o] &sto] o dE &
HefMe] Cu ¥ Cde] AFESES vlwdt A3 Fig. 7004
R e} o] Cde= 77% 243kl Cus 25% AA4sHs
o Cuf T5% 53582 batch® column A3 EFo
A B HRE FEoE FEs Yol HAEgloY,

3
ABEAA FAEE FHagol

Cd+ column A3
batch AR} 34k o] column 232 batch A3
Hl3l) AFAlgke] ol Cdel F2bsHo] o YolA|= Zo®
FIEh Antoniadis 5(2007)2] ATl E HFATA
FTos oA Ao R g4 wEkEE FEE AFA
7o) grobel Fabso] Fhasitial Husigich

E

o_>|: -’
12

2z
A

140

120
100 |
80
60
40 —
20 f | P /

Mono-metal

Amount of adsorbed metals (mg/g)

Mono-metal

Binary-metal Binary-metal

Cu Cd

Fig. 7. The amount of adsorbed metals in mono-metal and
binary-metal adsorption isotherms for the Cu and Cd by
biochar derived from Phragmites communis in the
column experiment.
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