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Preparation of clay biochar from spent bleaching earth and
durian shell and its adsor ption for Cr(VI)
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Abstract: Clay-biochar adsorbent (SBEC) and clay carbon-based adsorbent (SBE) were prepared using
spent bleaching earth and durian shell and then used to remove Cr(VI) from wastewater. These adsorbents
were characterized by SEM, XRD, FTIR and BET. The effects of initial pH of solution, initial mass
concentration of Cr(VI), adsorbent dosage, adsorption time and temperature on the adsorption efficiency of
Cr(VI) were studied. Under the conditions of initial mass concentration of Cr(VI) of 100 mg/L, adsorbent
dosage of 0.5 g/L, adsorption time of 120 min and 25 °C, the highest removal efficiency of SBEC for Cr(VI)
at pH =3 was 86.1%, and that of SBE at pH =2 was 52.5%. The adsorption process of Cr(VI) by SBEC and
SBE conformed to the quasi-second-order kinetic model. The adsorption process of SBEC and SBE
accorded with Freundlich model and Langmuir isotherm model, respectively. The adsorption behavior of
SBEC and SBE for Cr(VI) in the simulated wastewater was a spontaneous and endothermic interaction. The
adsorption efficiency of SBEC was 58.8% after five adsorption-desorption tests.
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1.2 SBEC. SBE #f#}#l#&

$ 100 g B M 12 A 600 mL B, AIED
ft 100 g, 7E 60 kHz By H M | 35 C TR XK+
AR 15 min, FEEPIR. U8, DR ESE
Bl S (g H R E O e R T I S A R
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FTIR: SRARACHN K R X R i 54T FTIR U
i, PEEGERE: 4000~400 cm™', XRD W &40 #0
# Cu, EHE 40 V, FHI 40 mA, HEEERE N
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Cr(VD)fy e BE M, fE 25 °C, WEBRFFIE i
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W P HEAT IR R, 25 °CF, pH 4 3 B, X 100 mL
JE AR RE A 100 mg/L i Cr( VI 4T W (i 30 11 2%
WEFE, W FFFESEE] R 20~160 min, #%= (1), (2) if
B (g, mg/g) FIEERR (R, %):
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Table 1 Elemental analysis of SBE and SBEC
. SR ECE 5 %
(6] C Si Al Mg Fe Ca K Na P
SBE 31.29 29.28 18.92 16.68 1.28 0.45 0.62 0.68 0.78 0.02
SBEC 37.43 33.38 14.18 10.59 1.89 0.57 0.71 0.79 0.34 0.12

B 1 SBEC ITLEHARE (a~j); SBEC (k) 55 SBE (1) [ SEM K&

Fig. 1
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Element mapping of SBEC (a~j), SEM images of SBEC (k) and SBE (1)
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Fig. 2 XRD patterns (a) and FTIR spectra (b) of SBEC and SBE
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Fig. 3 N, adsorption-desorption curves of SBEC (a) and
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# 2 SBEC #il SBE f lL R RN LA I 24K
Table 2  Specific surface area and pore structure parameters of
SBEC and SBE

Sper/(m*/g) Viota/(cm®/g) D/nm
SBE 40.78 0.0786 9.723
SBEC 105.32 0.1263 6.781

SBEC & A5 I 1 34 75 Lo B R SO PR T W A 4 e 1)
AT EE., L EL . RmAUK, K
R AL SBE &k,  HLIAIAT HAT ffL 5 FLZ5
#E SBEC b SBE REfEMILHE ZA9iGPEAL S, SBEC
O ARG I R R
2.4 ¥ 02X 0 Bt 38 5R B 2 i

BOMELRT Cr( V)W R85 an 1 4 Fros o
fE 25 °C, ¥I4h pH o~ 3, WEHETEISH 120 min, W%
R4l 0.1~0.5 g/L B, SBEC Xf Cr(VI)Z£K
RIE s Bl 0.5 g/L £ N 86.1%,
BRI M 172.2 me/g; BN R 0.6 g/L i,
EBRFEN 93.5%, PN WS 155.8 mg/g;
ZJE, HmB N LR INAN K, SBE &N
0.8 g/L B, KBRZFH KN 50.5%, B0 K F
9 63.1 mg/g. AN BRI 67 J5T d Cr( V)W B £ Pifi
P03 AU D o R B R R R, R A
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Fig. 4 Influnce of adsorbent dosage on the adsorption effect
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Fig. 5 pH at point zero charge of SBEC and SBE
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Fig. 6 Influnce of initial pH on the adsorption effect of

Cr(VI) by SBEC (a) and SBE (b)

26 Cr(V)#taREREXTERER N

FLPE ST VR K R Cr(VD) Il E Sl 70~
150 mg/L, #EH Cr( V)W) A BT & ik FE TS LA 20~
250 mg/L, MEFE 25 °C, #I4H pH R 3, W BRHAsEA]
R 120 min, Cr( V)45 57 i v B X5 25 R 2 119 52 i

& 7 Ff 7 o SBEC XiF Cr( VI W B2 Bifi Cr( V) #0 1f J5
Tk BE A NI N, SBE 7E Cr( VD)) I 5 ¥k i
ik 100 mg/L, W R E IR BN, A 2B Ry
Bl Cr( V)40 4 Jo 2 B B 38 M0 T 9 o 95 98 Ce (VT
U6 o it VR IR, IR RS M A B &, 2%
R PO, Bt Cr( VIR IR o v A 338 i 4o
SR>, W R TS, W TR A, kR
R
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0or o, I Y
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Fig. 7 Effect of initial mass concentration of Cr(VI) on the
adsorption capacity and removal rate

2.7 WRHIsh AZES

SR E—ah 1 (2 (3)), HEZ4)
iR (20 (4)) % SBEC. SBE %Pk Cr(VI)
W R R AT IS, LA anE 8 FR, 4R
W2 3,
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Fig. 8 Effect of adsorption time on the adsorption of Cr(VI)

* 3 MBS AR SR

Table 3 Parameters of kinetic model for adsorption

THE— 2] 5L Bl ) A5

YE R )8 B g 2 A

2 B 551 — - 5
q./(mg/g) Jy/min q./(mg/g) ka/ [ g/(mg-min) ) R

SBEC 166.51 0.052 0.885 164.42 0.0056 0.993

SBE 82.32 0.023 0.757 83.53 0.0038 0.982

M 8 ALAFEH, SBEC X Cr( V1) WL 7E
100 min PN BfF s 2R AP, 120 min FEAS 35 311
SBE *f Cr(VD)EWFF7E 80 min P W i R4 i

100 min FEACIK M7, N 3 AT LIE L, P& RTE
TR ST AR A O R B T HE— RS 12T R
A ZRER, 33X e et I AT Sk S O ST v ) s Ty
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g, = g (1—e™") (3) Pe__ 1 P (5)
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_ ekt (4) 1
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a
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= 45+
S
g 40t 4 298K
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35l =318K
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b—SBEC [y Freundlich #%!; ¢—SBE fiJ Langmuir #%; d—SBE [{J Freundlich #%!

Kl 9 Cr(VI)7E SBEC F1 SBE I {1t 45 i B 481 & 7 7
Fig. 9 Adsorption fitting equations of Cr(VI) on SBEC and SBE

%% 4  Langmuir and Freundlich #8425
Table 4 Langmuir and Freundlich model fitting parameters

ey /K Langmuir 2572 77 2 Freundlich %575 2k 5 12
gn/(mg/g) K1/(L/mg) R’ Kr/(mg/g)(L/mg)"" n R?
SBEC 298 254.51 0.656 0.973 142.56 5.16 0.991
308 258.33 0.669 0.982 144.59 5.53 0.993
318 261.12 0.676 0.984 149.86 5.88 0.994
SBE 298 91.53 0.367 0.986 45.78 3.02 0.972
308 93.31 0.371 0.984 46.68 3.16 0.975
318 94.13 0.403 0.988 48.45 3.15 0.983

X}F SBEC W[ Cr(VI)Hid 2, Freundlich S5
LRABIR AT OC R RP 3K, T RB P HIAT & SBEC

Xt Cr( VDAY 25 IR W2 ff i 72, SBE A4 Langmuir #5554 (1
F 52 20 R* 3K, Langmuir B8 58 T 47 b H#§ & SBE
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Xt Cr(VI) 2R WG Bk /2, 4R1 SBEC. SBE [
Langmuir . Freundlich P71 Mg B 4 i 5S84 g AH DG
FEFIRTF 0.9, HAZEE/N, Freundlich SR
I p>2, XU SBEC. SBE X Cr( V)W i #2421
A5 KA, Cr(VI)#E SBEC. SBE BE&4: T By
T2 W S % A T B R Ak B A AR AR 1Y)
2T IZW . JREE R, SBEC, SBE MR Rk
U, n T B R S W P AR
PAFSHOT IR HIW: SBEC. SBE Xf Cr(VI)
A I B e R R AR AR B Ol . AT 2R SRS A
HAmeE (AG). 74 (AH). 7 (AS) AR
(7~10 )5, 2503 5. AH 1518, ¥ SBEC,
SBE X} Cr( VD)W B 2 72, 5 9 45ie
— B RETH R Tz sk, Cr(V)5 SBEC. SBE
HFBE L F#K, SBEC. SBE XJ Cr(VI)F WL [t GE J1 18

5o AG S BU{E LR I RE RS s )y , 2 WY R S
P —> I A B HL R T v R R B 5 54T . AS
Ay TE AP 2 T 05 BEF 3o 2 £ TG P e 4 22

K =2 (7)
Pe
Ink, =21, AS (8)
RT R
AG=—RT11’1Kd (9)

AG =AH -TAS (10)
X AG MWK ST B AR, kI/mol; AH R
We R4S AR, kI/mol; T AZXHREE, K AS AW B
A%, kJ/(mol-K); R i FRAH AR K %L, 8.314 J/(mol-K);
Ko PR B qe ST TR0 1) I R S A7 ik i o ) it
B B4 - A7 I B 1, mglg s pe ARG RSP A I R R
Cr(VDHy i v B, g/L.

%5 Cr(VI){E SBEC. SBE b WRRHA S5 5
Table 5 Thermodynamic parameters for the adsorption of Cr(VI) on SBEC and SBE

% i 751) /K AR AG/(kJ/mol) AH/(kJ/mol) AS/[kI/(mol-K)]
SBEC 298 InK=4.226/T+0.015 -3.555 35.781 0.132

308 —4.875 35.781 0.132

318 —6.195 35.781 0.132
SBE 298 InK=-3.926/T+0.016 ~4.092 32.562 0.124

308 -5.322 32.562 0.124

318 -6.552 32.562 0.124
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SBEC. SBE ZeidiESE 4 AN - A5 30 )i

W2 B8R LI 10, 27 5 Ykfdi IS SBEC Xt Cr( V)i
EBRFA L F) 58.8%, i SBE X Cr(VD)ZEERFEH
H17.4%, WEBHAE 70 5 AT BE S I B3R A B 45 FE
AN 5 4 LA R BRHSE 45 B4 i SBEC A
WREFRAR TR R A e, tRmBEK, Sk
e, BRI EE, f65 Cr(VI)JE 2 Fimg b
HLHI, Xt SBEC b3 M0 ke 31 1 U A AR 44
I, M2 T SBEC & FI %M TR,

100

SBEC

BTNV T4/

Kl 10 SBEC. SBE HiW fff-fift il S0
Fig. 10 Adsorption-desorption tests of SBEC and SBE
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FHE 7 2 1] = A s 51 o #43 Cr( VL)W B+
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i SBEC HhEH % SBE F & ,pH=3 i} ApH Hr k,
WIRP ) HT R4 SBE /1, R AE pH=3 B RBRH i
Ko M7 pH ZHH N, Cr(VIEAKE R i 8
XN CrOf 5 Cr,07, THRMEFIANTEE LSRR B 1
MRIRERE -, P pH 8K, BRI
HCrO, +7H" +3¢” - Cr’* +4H,0  (11)
i3t ) J7 5 5 A 2 4F5E, SBEC, SBE 5
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Fig. 11  Proposed mechanisms for Cr(VI) adsorption
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Table 6 Comparison of removal efficiency of Cr(Vl) by
different adsorbents

BZ Bh 551 q./(mg/g) pH EEB TN
g - AR ST AR Y 106.30 1.5 [28]
AR G 1L 7% AR5 158.00 2 [29]
B G AR W) e 142.80 2 [30]
SR B PR AR 36.01 2 [31]
) 10.71 6 [32]
SBEC 172.20 3 ENTIE

XYW SBEC HAT 4T (9 W BiE A AR BE 7, [l e
IEAMIERR, 7275 Cr(VDERAR BT it BA7 T

3 #ig

(1) DA A+ 540 50 2 ok i 48 1 W B 551
SBEC, VUKt M5kl 5 15 SBE, SBEC
A1 SBE Fb 2 mi #1405k 105.32 m?/g Fi1 40.78 m*/g.
SBEC fLiE 24, FLBR MM H 5 B0R A i, B
BRI BRI IEH Al—O0 LR EfENR], SBE
W RSE AR — 1 s ok 5 8 £ A LB, B REIA &
BHE R Si—0 fl AlI—0 %,

(2) pH R 3. BhHEA 0.5 /L. Cr(VDPILH
I E N 100 mg/L . Wt 120 min, SBEC % Cr(VI)
EBRFR i N 86.1%, SBE WITE pH N 2 £ FRKmE
M 52.5%,

(3) sh 1258 %W, SBEC. SBE Xt Cr(VI)
F14) W8 o 2t 2 O T o R Bl AR R, SBEC
Freundlich W [l 45 Vi £k B AU 45 #F &, SBE N 5
Langmuir W {88 IR AR EAT G5 i E A AT
PER B AIOR o ESE S AWM - IE RS, SBEC,
SBE X Cr(VD) LFRZ5 510 58.8%F1 17.4%, T
— BRI R S BRI K AT R BRI 5, ) sk g o
ML T 3 — 2P 5T
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