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Adsorption performance of Cd* and Cu* in aqueous solution by biochars prepared from manioc wastes

XTAO Yao!, GE Cheng—jun'?, ZHANG Li', LI Fang—ze', YUE Lin', YU Hua-mei'*"

(1.College of Environment and Plant Protection, Hainan University, Haikou 570228, China; 2.Key Laboratory of Environmental Toxicology in
Haikou, Haikou 570228, China)

Abstract: Three types of biochars(BC350, BC450 and BC550) were prepared by pyrolyzing manioc wastes at different temperatures ( 350,
450 and 550 °C). The characteristics of hiochars and the influential factors of Cd** and Cu** to biochars in aqueous(such as contact time,
initial concentration, temperature and pH value ) were investigated. The results showed that the adsorption balance time of Cd* and Cu** re—
duced with the increase of pyrolysis temperature. The adsorption kinetics’ data were fitted greatly to the pseudo—second—order model ( R*=
0.983). Adsorption isothermal of Cd** and Cu** onto biochars fitted well with both Freundlich and Langmuir model. The Freundlich model
was better in the two models with R? in 0.951~0.998 and 0.992~0.998 for Cd** and Cu?*, respectively, which also indicated that Cd** and
Cu?* were adsorbed onto the biochar by interaction via multilayer. The 1gK, was an important parameter to represent adsorption capacity,
which increased with the increasing pyrolysis temperature. This indicated that the adsorption capacity of BC550 was the best in the three
types of biochars. The maximum adsorption amounts of Cd** and Cu** were 15.55 and 5.44 mg- g™ respectively. The adsorption of two heavy
metals on biochars was a spontaneous process. The adsorption capacity of Cd** and Cu®* to biochars increased initially and then decreased
with the increase of pH value. The optimum pH values of Cd* and Cu* to biochars in aqueous were 5.5 and 6.5, respectively.

Keywords : manioc waste; biochar; Cd*; Cu*; adsorption

5 B #A :2016-04-20

B8 HEAARERAET H (21467008, 21367011 ) ; M4 200 T = AR B 551 H (Hjsk2013-05) 5 E R4 FARBHE 405 H (713183)
EER:H  BR(1995—), 2, (I s A 580 [0 5 R84 7 . E-mail : xiaoy0105@163.com

*EEVEH EE  E-mail: yuhuamei3007@163.com



1588

YRS RSy £ 35 EF 8

A=W J53 3¢ (Biochar, BC ) J& AE ) J5i 75 PR 480 0 AH X
fIGIE (GH H <700 °C) IR F5 44 T A e A= A 1 — i i
)i, IR IRz il T2 AR X
FERMIAROR . LB i i EA R i W i PERE T
N TR A AR RS S AR A AR
REUE . TRIRSE Tl K i Rl HE A A G B T5 K
R A N ZSIE Sl A5 K 1 4l 1 45 Rl AR ik
A R 5 R EEE e o Cd> R CuVE Ry &
UL 4 i 75 e Wy T LG 2 B kO sl B et i & R
XF N ZSAgERRE ™ HE R A M . R, ] PN AR s 3 2
PRV A 8 ki AT T KRB, Wfb240t
VE | PH 738 543 B RN o) Wi B 2 % i LA
BEARE M RAT, )z oK ARTS e g i, B
FEEFFT B W R G e AR TR RN KA
SN S 2 e N = e X S i ]
il o AIFFE B, Az W I e ] LA ik B 1 B K HR Y
&)@, 500 °CF AT Y H R AR P T X PR 2%
FREEIEE] T 86.96 mg-g'";900 CF il & 175 e A1
Jo AR [ (gimL) Ry 0.2% ), % CA> BUAS: T ek
W7 B 42.80 mg - g 112 [R]ES, AS [R] JECRL AT B IR BE 11
AT, LR THITR  BH B - 2c He i 3R 1A BRI Fh 28
A e G P A AE 25 59, T R (R e 1 R A
], 450 C & H/NE KRS B KRAEY RN Cd>
I W2 5 43 1A 30.64.29.39 .21.47 mg - g™ 15600 Fl
400 CTF il 25 Ao H IRRAS FF A 0 B0 R Cu Ay e R R o
A 9.28 mg- g™ Fl 4.43 mg- g,

REAE P X R B e 2 — , Fitl
TRURWIE A, M 2004 4731 2013 45, o [ AR 1L
ARTEFLU 24.58 J7 hm? 3 fin 5] 28.56 J1 hm?, fif (1)
SR 381.57 J7 v EFHE] 459.85 7 Y, REIARE
T B FVEIARE BN AR P SE A FIIRRS | JCRIAR ()
FUM TR A K AR S 35 55400, 20 o5 Ok
15% ., FR 1 X AR (10 R AR BEARAG , HA 3450
TRV, SR, A0 HE I 77 A i VR A sk i
FURAL T A P fih (1) AT B0 1 23 AR 15 e,
B R A IS 38.41%VE K 46.38% L5 £ Yk
£ 3.27%M 185 . 2. 76 %M E 11 1.82% JK 53, &=—Ff
B [ T & TS5 R AR b R . R iR
MARAR S B & Bk B T 41.65% , A 1% 2 Wy i R A
R R, Ao A s P M R R

KT B H 4 SR W R i g e 2
THRZHAY T W A R /INZ (oK KA SRR
YEVIRSFT AR A AW R s 5. T+

eI K HEAE B S AN R B 37 o B A A 22
S, DRI JCAN [RIA UL B3 A 0 o o B G 38 2 i A2
A ] o AR SR 3 DX DL B ARl PR SR A S i
HEREL, BLCA R Cu o BARTS G, WA [R] Tt
JEE T 4 48 B A 0 S K v G TR R R A T, L
DR AR S Y BT IS R ORI P AN AR ) R i UK P
ERIGRBEMS .

I HRERE

L1 YRR HH & TR

K AR TR FR Ak il & e e, HAR T
R < FER AR AL AT 0 A S5 03 A, SR 1R 5 T8
Wi, s, BETHHP Ll 10 Comin™ F+ 2
200 C,Kke 2 h, SEELTRAL , SR 5 LA RIRE T I
A3 3T 350,450,550 CHRBAL 3 h, %H) 5 i
it 100 H i 45 A, 40 FR i i BC350 .BC450 F
BC550,

AW R R 53t PR R BETRE o pH 2 1:20
() T LG5 2 B TR IR GIR A1 S E /N |
W pH fH. RADTR A& C . H N LR
.0 TR F R R E CHN TR
AN AR A BH B A R P S AL - B R
SERIA S IRINE o LR TETBR R A S R B 2
FE I E BB 1SR A Boehm i i 2 s o, PR SE AT
i NaOC,Hs H A0, fidi 3L B HCL H AT,
1.2 KA %
1.2.1 Wkl 712

L 0.01 mol - L™ NaNO, 75 5t HLAR T, 40 Il &
50 mg- L™ ) CACL, F1 CuCL, ¥, #1735 pH 4354 5.5
6.5, FRIL0.100 0 g AN[FIA M5 5 T 50 mL B0
HL A 10 mL B3R, ARIERE W HE R 1 g:100 mL,
B 3T, BEISTE 25 CFLL 150 remin™ 4z
0.20.40 min A1 1,1.5.3.5.7,10,14,18 .24 32 h,
J5 L 3000 remin™ B0 10 min, BT 0.45 wm
UE B FH A IR S G BE T
1.2.2 W[4 TR

L 0.01 mol - L™ NaNO, A5 5t HLfift it , i & Cd>
F Cu2 ¥R B 43514 10.20.,50 80,100 mg- L™ VA%,
45 pH 4351k 5.5 #1 6.5, FREL 0.100 0 g A6 A4= 4 i
#F 50 mL B.OE LA 10 mL B IER, B4 3
AT, TE25 CTF LA 150 remin™ #k3% 32 h, Ff)5 LA
3000 remin™ B0 10 min, B FIEWGE 0.45 wm JE [
JERFIN



2016 £ 8 H H

B, 55 AR LA W B A K G Cu I B T R SR 1589

1.2.3 iR BE . pH A5

PL BC550 5], FRAH I BE X AR o e W B Cd>*
I Cu® 52, L4 0.01 mol L™ NaNO; S~ 7 == Hi f# ot
B & Cd>*Fl Cu® I (0~100 mg-L™), 15 pH 435110
5.5 F16.5, FREL0.100 0 g BC550 F 50 mL B§.0&H,
JIA 10 mL B3R, B4 3 A FAT, 433l 15,25,
35 CF LA 150 r-min™ #R3% 32 ho FifiJ5 1A 3000 r+min™
250 10 min, AL 0.45 wm JERES R 5350,
Bt E 50 mg- L™ Ay CACl, #11 CuCl, W, S aETy pH
$]2.0.3.0.4.0.5.0.5.5.6.5.7.0 1 7.5, FREL 3 Ptz
AT TE 25 CTRRY:  HA P BRIA] L A58 pH Xf
A= 10y J5 1 R 5 T R S
1.3 #iEabIE
1.3.1 Wefah g2

W R 50 2 i a3 R A — % g g2 fR (X
1) Elovich J7 2= 2) R N4 BIO 2 (5 3)i#F 17

3 1 1

—= +—1 (1)
q. kg q.

q,=a+blnt (2)
q.=k,1"+C (3)

Keq o ¢ B2 B & mg - g7 s ko DN RN
HORE L, g mg™ h™ 5 q A T, mg - g5 a TR
N SR UG TR A S A b 2 SRS TR
WGk, Y B B mg g h e S 5 R
FUJERE TR H 5
1.3.2 S5 % AR

SRR BB 5 43 3 R FH Freundlich J7F2 (X 4) .
Langmuir J7 (5 5) 4 ARG, FARA T

lgqezngp+(% )lgCe (4)
Parondr el )

g, I mge 5K R 5545

R B A 3 R R I B S 8 5 €, R P IS AT TR
UL, mge 175 Qe WP BT A B R B, mg - 075

K, & Langmuir W [t %0,
1.3.3 Al B BB e

HHE Freundlich #5240 1gK 8 , i HI 35 A1
W 8 Hh B D7 AR o3 B T B XY A o 2R B S, R DG

SRR AT
AG°=—RTInK (6)
AG°=AH°-TAS® (7)

A K Ry P B R i, B Freundlich 5 %5 K AG®
Sy B o 5 A T PR B L k) - mol s AR SR BE AR
K7 k) - mol s ASCHRF MHBRIEANZE , kT - mol - K5 R
JESAREE SR A, 8.314 Jomol™ - K T AR K.

2 HR5iTiR

2.1 EVMFRERHRIE

AW FEAPE AN 1 Fin . W3R 1 /LR
o B AR T RE T T G L A I 1) B 2% T FEUR B
B A (CEC) 231 K . 1 BC350 AH E, BC550
() LR TR AR CEC 4390 B TF T 2.48 £ 2.33 i L
FEIHFR 3G KR A AR W) 5T e FL IR B 3 K, CEC
K, AW I 2% 1Tty 1) B L e B 22, WP B4 s 8 1
F1%) i FEL R A PR B AR, A 30 I e 5 %R0 B T 45t R
AR 52 CEC, 7 42U H AR Al A= 9 I e e 1hi e
A e far, TR BLH 5 1 CEC i, K43 1) R4
43 R TCHLT B 5T, At R RE XS A= 900 J5 o (1) P 85 15 46 i
13t B — e SR, AR TR ) pH B A PR Y
FHETIHE A, FTRESE: AR 430 BT T R B Rk 14
EAFAE T IR A3, ZE 7KV W b S Bk, T L pH B
IRy B Y HE TG A C 5tk Bl B8 1) T v S B
Fha# H. O N &5 52 R Rk X nl 682 o A
YT AR THR ASF TR, AP EAWTE CH.,
O N U fifi 25 A 30 B2 () T e T 4% &« H/C . (0+N)/C
A DL A 0 o e 1) 0 B Ak R HYC A
NSRS , (O+N)/C HL A KA MK . BC350,
BC450 ,BC550 (%) H/C F1(O+N)/C HI{E 4> 5K 0.061
0.050.0.035 1 7.029 .5.222 .4.666, 70 Fifi 25 24 it Ui

R 1 EYBRRNERMER
Table 1 The basic properties of biochars

JH CE it Element content/g kg™ < i ifi

e e s SR Sy e e CEGml-t
350 585.21 35.73 236.15 48.19 6.08 12.79 23.19
450 635.60 32.03 155.40 80.56 7.24 16.37 32.81
550 689.30 24.62 102.30 167.55 741 17.12 77.27
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Figure 1 The functional groups on surface of biochars
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Figure 2 Kinetics of Cd* adsorption by biochars
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Figure 3 Kinetics of Cu** adsorption by biochars
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Table 2 The parameters for adsorption kinetics of Cd* and Cu®* on biochars

TR He MR Th =2k 5h 12758 Pseudo—second—order model Elovich % Elovich model ki N3 BB Particle diffusion model
Heavy metal ~ Biochar q./mgeg"  kifgemg'+h” R2 a b R2 k,/mg+g™-h™"? Cc R?
Cd* BC350 3.40 8.594 0.983 2471 0.474 0.889 0.436 2.023 0.959
BC450 4.12 28.916 0.992 2.536 0.384 0.881 0.356 2.165 0.966
BC550 5.00 1.9x10° 1.000 0.662 6.021 0.763 0.013 4.947 0.403
Cu* BC350 3.28 0.028 0.987 1.395 0.483 0.970 0.425 0.099 0.959
BC450 3.81 0.018 0.999 2.987 0.311 0.725 0.226 2.854 0.486
BC550 4.81 0.009 1.000 4.693 0.045 0.762 0.033 4.673 0.516
127 Freundlich Fl1 Langmuir #5451 5 W B 5008 14 25
N - e 3, HARTTRE R A A T LU i
T . | ‘: BC450 Langmuir F1 Freundlich 4535 J5 #2359 68 FE10E A= W) i ok
£ 7 apex . K CA*HI CuP WL BHFAE , (L Freundlich 45 )y FERE
%“ °f - . R . HE BB IE 0.951~0.998 F10.992~
T - 0.998 Z[i], BEHIAMFRAS Cd> Al Cu (I B34 h
2%, 22 J2 W B, 7 VR R I WA A 7 i 2 R S G 0 L HL Cui
01? .................................... : ; SRR ISR i B AR ) A5 0 A2 ) B Rt CdPr iy
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SR fmg - L
B 4 CIFEEMBRR R ERL
Figure 4 Isothermal adsorption of Cd* by biochars
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Figure 5 Isothermal adsorption of Cu* by biochars
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Table 3 The parameters for adsorption isotherm of Cd* and

Cu* on biochars

Freundlich %57
Freundlich model Langmuir model

lgKy 1/n R? K, Q,/mg-¢" R?
Cd* BC350 0.130 0.32 0994 092 3.78 0.969
BC450  0.230 035 0998 131 434 0936
BC550 0959 099 0951 0.73 1555 0.947
Cu* BC350 -0.128 049 0.993 0.17 433 0.969
BC450 -0.086 0.57 0.998 0.38 2.89 0.972
BC550 0457 046 0992 225 544 0931

Langmuir Fi78
oy angmui £

Heavy metal ~ Biochar

2.4 MRS

N [R IR EE TR (288,298,308 K)Cd , Cu> ZE A= ) i
B b SRR B I 2R AnTE] 6 Rl 7 iR, 298 K B 2R
Wy 5 sk CA> i Cu o g B i 45 K, 308 K Yz, 288
K f5e/IN o ARl BE T A= 0 5 J 0 o 45 T g R R
Freundlich Fl Langmuir BRI LG, HE R UL 4,
MFE 4 7 A, Freundlich #8845 Langmuir LT GEAR U
MG 3 PR N S B AR Y B BRI R A
g BT Cd>* o> A= ST b W BT ILAR] , A BE SR
¥ Freundlich JyFHU-E S8, iz 1135 A i A 1 RE T A
(2 6 FNEC 7 )20 B T 32 X ~F- 16 R o 28 50 S i, 28
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Figure 6 Isothermal adsorption of Cd* by biochars at

different temperatures
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Figure 7 Isothermal adsorption of Cu* by biochars at

different temperatures
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Table 4 The parameters for adsorption equation of Cd* and

Cu* on biochars

Freundlich ##Y
Freundlich model Langmuir model

IgKr  1/n R? K. Q./mg-g"' R

. Langmuir F5 7Y
malE T

Heavy metal Temperature/K

Cd* 288 0.339 0.63 0982 0.30 10.88 0.999
298 0.959 0.99 0951 0.73 1555 0.947
308 0.779 048 0959 333 9.62 0945
Cu* 288 0.327 0.52 0992 0.18 596  0.957
298 0.457 046 0992 225 544 0931
308 0.447 035 0912 10.19 4.12  0.830

RS EWRRBH CAF Cu* RN ESH
Table 5 Thermodynamic parameters for the adsorption of

Cd* and Cu* by biochars

F4E e AG°/k]-mol™ AH®/ AS°/
Heavy metal Biochar 288 K 298 K 308 K kJ-mol™ kJ-mol™-K™

Cd* BC550 -1.869 -5.469 -4.593 36.612 0.136
Cu* -1.803 -2.607 -2.636 10.059 0.042

R A LRI EH A E R AR AGPLEXHE Ry 40
kJ - mol™ WA A2 ) 44 BRI, R A 2 W2 o g s
CA>* A1 Co® 7E A=Wy Jii e b 19 AGC{E I [l 7E -5.469 ~—
1.803 kJ-mol™ Z[f] , KB Cd>Fl Cu™ TEAEW ik b1y
W B 32 R W BRI B . ASOX R IEAE UGB A )
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