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Preparation and Characterization of a Calcium Alginate/Biochar Micrééphere

and Its Adsorption Characteristics and Mechanisms for Pb( II ) .
YU Chang-jiang'?, DONG Xin-yu®, WANG Mido®, LIN Qiang'?" | 1 ;.-f"

e

(1. Faculty of Environmental Science and Englneermg, Kunmlng University of Science and-Technology, Kunmmg 650500 Chmé
2. Key Laboratory of "Water Pollution Treatment & Resource Reuse of Halnan Provmce {]ollege of Chemistry “and Qhemlcal

¢

Engineering, Halnan Normal University, Halkou 571 158+ Chf'na)

Abstract: A mﬁcro,sphere (CA/BC) was prepared- ng. blOChaI' (BC) encapsulated. w1th calcmrﬁ} alglnate (CA) as aggreemr adsorbenj;m-‘
for Pb( Il) removal/from aqueous solution. The effeéts of the- initial Pb( I ) concéntration,, 1n1tla,‘lI pH'value of the Pb(l ) solution,
and equlhbnum contact-time were mvestlgated AThe isot efmal thermodynamic data ¢f the BC and CA/BC conformed to the Langmuir
model. The, maximum.adsorption capacities of Jthe BC and €A/BC from the Langmuirequation were 93. 20 mg- ¢ and 155.04 mg-g ™"
re%peftlvely , at pH = 23 The_adsorption of! Ph( ) by the BC wa% in_good agreement with the pseudo-se¢ond-order equation, indicating
that chemlborptlon' was the‘rate-controlling steps The aﬂsorptlon of lsb( II') by the CA/BC was in good agreement with the pseudo-first-
order’ miodél, which suggested that the rate-limiting step was governed by diffusion. Mechanism studies for Pb( II ) removal by the CA/
BC showéd that the nature of Ph( Il ) abstraction took place through ion exchange between Ca( Il ) and Pb( I ) as well as via the
formation of a coordination complex.

Key words ; calcium alginate; biochar; adsorption; mechanism; lead (11 )
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W B P8 ) AL A 8 A AR 9. AR SCRITH XRD . XPS
FTIR . EDS %47 FEBOE4NF 5T T BC fil CA/BC
XTPh (D) AR BREAIL 1 DL K B TR1 S50, %o A 4 e
Hb 25 I BT RE D . IREREE R /N | R R AR
I BERR S AWk 2 A MR EAT 18 5 3 X

1 #MRETTE

1.1 5
VG EETRAEN (/A ali, i S el A e R e A
FRAH]) 5 NaOH(Zr#rat, JMAL2=1K50])) 5 CaCl,
(Grtral, TPk ER ) 5 Pb(NO;),, NaNO;,
(4yFral, BIHL T ) ; HNO, (B #F 4 1l 52l A R4S
A]) 5 Pb AR ( EWEEA SO A BRA R 5 TR
( RN A EGERA PR A ] ). e
1.2 R
BB A1 78 Yk T 15 48 70°C HE T, W) i

0. 074 mm Jii 5, 4575 BOREAKI A A TS HTI0 T

A (OTPI200X 2HERHb bR A RARAT)
th e b BE P 2 10 min BRATO min JF £
FUTR I ARE T LS C - min ™' Ay TR 3 48]

200C , 2 J7 Lk 10 C-min~" i Th 6 F00 4 B ‘
o R TA RAS RS FH 0D 1 mol-L™ HNO, K 0. 1

700 , % 3 h T s, s,
1.3/ CAZBC Tl ;i

H53.0 g MR EN A F] 500 mL BERR T, ]
200 mL 4K LA FE ( BOO-SH [ M SR AL L 1k
AR B#. FrR6.0 g EWBITA 500 mL %S
PRef, 0200 mL 280K, Bidk 2 h SR R
WA BV BERR ANV W R 4 h. BRI S)
Je PR A6 %) 0.2 mol - L' 4 CaCl, /KIS 28
BXETfE 6 h, CA/BC bl f5 FHE 4K vk 6 IAEHE
F (JHG-9053A I M0 7% 52 36 1% £ A7 BR A W] ) 50°C
,}:;IE;FH, 9, 10] .
1.4 pH {EXF BC Al CA/BC W MPh( 1) By52 0

JH 0. 01 mol - L™ Fi4 A B2 #H 7K 175 V0175 fidt i R Y
BElPh( 1) B N 60 mg- L ™" YAl R 4 14 k.
FE—Z 51 500 mL HIZEHEIEHE S BIINA 400 mL AR
HY W, A 0.1 mol-L™" HNO, 3¢ 0.1 mol-L"™'
NaOH JH45¥ % pH 200 2. 3. 4.5, 5.5, pH X
(FE20 MgHEh LR AR A RA ), %A 0.1
g CA/BC, TEZ IR TG4 24 b J5, FHE-FM I

"

E1 CA/BCHI&ETRE
Fig. 1 Schematic diagram for the preparation of the CA/BC

AT (AA-7000 5 HEAL A PR 7)) IHAPH (D)
VI, pH U WR) pH (. R REESRS) B
FEHEITI S BIILA 300 mL ARSI, I VAW
pH A2 3.4.5. 55, &IIA0. Ve BE, 1%
LT RESTBIRE 24 b | U v 9 P T
LAKCH Y pH . ALK 3 LTS 4
RECEIE., &y & (4
1.5 B mHsis, (— . &
E%&%SES% + 1C)) Ri#E47 BC Fl CA7BC [
FIEEME S 47 0. 01 mol - L~ RSB K15 5t

mol - L™ NaOH AW pH =5. 7F L BFRH A
500 mL Ph( I ) Fidifk B >0 200 mg- L~ FRORY FR 414
W, W—E =M CA/BC IMABIMEBRETER T, =
VR G ) bk (84- 1A | ) SR fe A R4S
Al), SERF(10 min ~32 h) B 1 ml RS R4 T H
JEEJR 3% 0. 2% HNO, Fi B J5 FH TR 1 W e 20 #r 4%
(AA-7000 & HAL &8 A PR A E]) Wk Ph( 1) ¥
FEM L fE— R BRI A A PH( T )
WeREN 200 mg- L~ A AH BR BT 100 mL, 435 il
A0.1 g BC, M (10 min ~24 h) i 3 WBHA U
FHEE IR 4350 0. 2% HNO, 5 B i FH IR 7 WIS 43 B A
MRAPh (1) WeFE. P Se sty 3 P17 500, 4551
BOEHIE. BC A CA/BC WY Bh 124 W b S2 5615 112
AHLR N RERSER H S LB T E R TR
¢ BFZIPh (0 ) M B A = (1) 3153
(cg =¢)V
q = ———— (1)

m

K, ¢ (mg-L™") A Pb( L) & F 946 W BE;
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(mg-L™") Jy ¢ MZIPb(Il) & FHEE; V (L) K
Ph( 1) & FIWART m (g) m AW B 5] i
Joi
1.6 SFIRAA T 24 5056

TEZE (25°C £ 1°C) T i#E1T CA/BC (1) 56 R A

JI2EW RS2 0. 01 mol - L™ (RS FRENVE 75 5%

FEL AR I it i TR A G T s PR A U R, T VAR R
pH =5. #E— %1 500 mL ELZE4EIE 4 H A 300
mL Pb( II) FREHRE N 65 ~300 mg- L~ (RS R ET I
W, BENHEIRIR A BN 0.1 ¢ CA/BC, 7E4EIR
(HZ 750 75 5k i 1 BB A PR | ) 4k 9 W B 24
W' BT mL W BR R B TS BR AT IR R, FHEE JR 435K
0.2% HNO, # g iiAPh( 1) ¥ . BC ZEi )
SESLIR RS CA/BC MR FF A SE A 3 44T
SEY, SEARBCEE.

S 20 Ph (1) AR e (2) 315

_ (¢ :nce)v - (2)

o, ¢o(mg-L™") Fle, (mg-L™") KPh( H)%“%ﬂ
A ; V(L) A Ph( ]I)/“’{MZW‘:, (g) A fm

. fﬁ%g %% f,—:;/é
{.

BC 0. 1 g HWAJJ
%” iy

mol } _|4 B R R 7

TR TR A IR A ] ik 2. 4.6, 8 h(120
remin”") , MHRVEE AP ( 11 ) ¥, 78 e A4 I B
I ) 52 S0 BRF. A0 B 52 6 FH R ] 1 T8 B 50 645 22
UCJBE BRI B, S 3 4L AT S, 45 R BCE
KA.
1.8 AR HERERAE

CA/BC HIRAL SR IS il AR Je, A1) 20 b W e
YE1EY ( Thermo Electro Corp, USA) $45 434, 153
FTIR [ b W8 42 Jm 14146 i 82 (JSM- 7401F,
JEOL, Japan) #4718 35 WL EZ F L X T 3= 4341 437 5
FIFH X ST 93 (Ultima 1V, Rigaku, Japan) 7
10° ~80°L F N 4, #RITHE b 1 i B 45 44y 5 X4
LG FREIE 43T (PHIS000 Versaprobe-II, Ulvac-
Phi, Japan) 8 R AT ICE & M & 70 Hr.

2 #R5FE
2.1 MBERE [

-
BC T GA/BC %jﬁ%ﬁﬁmjjgﬁg’wn

K2 fiw, ﬁ a)ﬂ%mzl(bﬁ%ni
ZALIR. @am@nkd ,Tscmﬁj
2 T8 R P 4 CK/BqVq/hjzm% FLEE J

Ph( H)?}“%’@J et
2.2 pH {34 BC *ﬂ CQMBC WEHEPL( IF) T “J'] ,-/
Y3 5, 1 B 19 2 PR B/

(b)

(a) FI(b) 7R BC, (c)FI(d) R CA/BC
El2 BC# CA/BC REFMYIE SEM ik
SEM images of BC, the outside surface and the section of CA/BC

Fig. 2
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CA/BC XIPb( I1) By W B 68 J7 LK, 32 2 A 2
K H 5Pb( 1) SEge iGN, BEE pH THE
H* W EEFEAK, BC F CA/BC %FPh( 1) By M i fig
PR WA R R RR AR pH A AN A A
100
90 -
80 |-

(a) BC 6.1 6.0

- 5.5
< 5.0
70

+ 4.5
60 -

50 - -4 4.0

it i pH

qe/mg-g™!

40 < 3.5

0 252

-4 3.0
—A—

—=—PfipH | 25

10 ! L ! L ! L L L 2.0
15 20 25 30 35 40 45 50 55 60

B e iipH

T, R PR AT B AR e 1 2R ) B 4 R A
eI AE A 3k B v o RIS AE T —ar HY, HIR
F| pH /T 5.5 aJRESEPh( 1) /KR, JoLessi ik
¥ pH =5 M.

160

(b) CA/BC - 6.0

140 - 55

120 | 30

4.5

100 40

Pl pH

gJ/mg-g™!

35
3.0

80

60 -
25

235
40 1 I I ] I 1 I 1 2.0

1.5 20 25 30 35 40 45 50

B i iipH

55 6.0

3 pH ¥t BC #1 CA/BC RKiPb( I ) BI85
Fig. 3 Effect of pH on the adsorption of Ph( Il ) by BC and CA/BC

2.3 Bh RS
ﬁ*?LﬂUAﬂ*wWﬂﬁﬁﬁBcﬂcw
BC W MPh( 1) B3l Ji2&47 R, N FHHE— 93 )2

TSR /ﬁfgéﬁﬁﬁj}%i‘%mﬂ/*gﬂﬁ ﬁﬁzﬂﬂﬁ (3)

IR ™" v/
' lg(q,e 78 g0 =g, - (2 1203,)/ (3)
‘lt = 1 L .I.-“ “-‘ ._J
e, =R + V[ ) (4)

Z)FN V- M B2 0 B R,k (mln—') ﬂl k,
[ g+ (mg-min) "M — 3 H1 2% Ryl ﬂ@
jj?—ﬁﬁﬂ’h_i%@f tu(mln)kﬂjﬂ[ﬁﬁﬁﬁﬂﬁl [
BC WL HPh( 11 ) B TT IR LI 4. Y 4

m@47ﬁ$Wﬁ@%m&ﬁ%un%mw

BIRK, ZF%EﬁﬁwmwﬁycchmﬁMEl
P ( IL) i A e 8 RS Syt
Ph( 1), 25 CMMJWMH)WWEFﬂ&fL
— B Be LB Ph( 1) 4 HCENBEM P U S

JC':F' ql(mgg ") Filg, (mg-g~ )%%Uﬁ”&l‘ﬁ -tﬂ"]‘ SRR 1.
#£1 BCH CA/BCRHPH( I ) sl eS8
Table 1 Kinetics parameter coefficients for Ph( Il ) adsorption onto BC and CA/BC

; T
B 40 W — R B 12 A5

e i i

qc‘w‘]/mg-g_I ky x 10 73 /min ™! R? qc‘w]/mg-g_I k, X10'4/g-(mg-min) -1 R?
BC 82.78 10. 36 0.8405 91.50 1. 67 0.9305
CA/BC 156. 60 2.92 0.9900 193. 04 0. 156 0.976 2

2 1 nJ 51, BC AYIE 90 gl 1 2A A RUAH G &
$0(0.9305) & T i — 2 s J1 A A AL A O R AL
(0.8405) , T HLi#E — K 3h Jy 2 B R G 1 - 15 I
B AN S PRAEAR T, MR- [ IR B BRI v 0, Ak
2N BRI R A AP B, CA/BC RO ME— 2 sh 1 2
B A 5 22 %00.(0. 990 0) 1 T i 2 5l 1 24 B AL AH
KFRE(0.9762), 1 HfE—23h Jj 2# B A5 1Y
S Ay W o6 e R S B (AR 42 30, R A - [ O 3
AHL, POHUR ECREE I AR, BC W i AR
CA/BC Msh Ji2¢ 248005 , F2RH T B8 JE BC W
Ph( 1) SR Sive, B 7 HRME FLER, Wkt
FERAEIEAEY R FER. CA/BC Y452 FLER,

Ph (1) 37 HCEIH: PR 0B By 2 B 22 Fg s )
2.4 SRR IR S
EIR I T W B A2 B5K ) Langmuir | Frenudlich

RSB, Hor R n=l(5) #1(6) iR .
C 1 c
- = _° 5
q. K., ¥ I (5)
lgg, = lgK; + ngce (6)

K, g, (mg-g™") AP, ¢, (mgg™ )N
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Table 3 Comparison of adsorption potential of various adsorbents for lead ion removal from water
R A FK pH WL/ mg L~ Qua/mg-g”! SCHk
Silica nanopowders/alginate composite 5 10 ~200 83.33 [21]
Alginate-MCM-41 composite 5.6 5 ~250 140. 84 [18]
Magnetic chitosan hydrogel beads 5 10 ~500 171.0 [22]
Chitosan nanofibrils 5 0 ~500 118 [23]
Magnetic alginate beads 4.7 50 ~5 000 100 [24]
Activated carbon-alginate 5 3 ~50 10. 4 [25]
Nanochitosan/sodium alginate/cellulose beads 62.5 ~1000 114.47 [26]
CA/BC 5 65 ~300 155. 04 AR5
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Fig. 6 XRD patterns of BC and CA/BC before and after
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Fig. 7 Pb 4f for BC and CA/BC after Ph( I ) adsorption
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