5541 B 11 ¥ @ 4t T Vol.41, No.11
2024 4E 11 A FINE CHEMICALS Nov. 2024

Theefr
CA/COSBC £ & IR mEkay §l & & H 3
Pb( IT )&% UK Bft 1% g

RAESU ', BRA G 1, FAE Y, ATRE Y, Mrmetk ', RN
(L TR IR (b2 5P RRLE2BE, T /& M 5103035 2. 7458 URvE 2Bt MREEA RS %%
R G, 4R M 510303)

WE. |, HLUNERT (COS) MERH& MY i (COSBC) ArRIEIG#mEN (SA) BERIF IR T
REW; R, RIS R A S CaCL T, Hil# TSRS/ Ak (CA/COSBC) & GHERM
Bk, KAl SEM Hl FTIR Xf CA/COSBC & A BEHERIEAT T AL, 48T HXK M Po(11)MMRHIRCR, 46T
Xt Po( IR 254, #R5E T FLWE PN LBR Po( 1) a 12 FA 12647 o 45 R3RW], m(SA) : m(COSBC)=4 :
1 il %) CA/COSBC & A BEMIHMER BA Sl a2 5% Po(IDAYRCR, =R T, 78 pH=5.0. Pb()¥ILhF =ik
4250 mg/L BN 0.77 g/L W] 4 h 2 4F T, Po( 1D )RS Bt 7T 1% 236.4 mg/g \ RBRHRRE £ 72.81%,
CA/COSBC & & HEB BRI 2% Po(IDEERS A Zi#E1T, HAFS Freundlich #J12ABAYT Largergren 1 — 44l
F1AERL, DL IR E R SR . R Y RUE R R S R R B R R, R A2
Rt 23 ma R B 2 R R

KR BABERHeK; W Po(Il); WhAHRSE; Wk, DiRedbE

FESHES: TQ427.26; 0647.3 XHEFRIAE: A XEHS: 1003-5214 (2024) 11-2423-10

Preparation of Pb(II') adsor ption performance of CA/COSBC
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Abstract: Biochar (COSBC), obtained from camellia oleifera shell (COS) ,was dispersed into sodium
alginate (SA) gel to form a mixed gel solution, which then added into CaCl, solution by spherical drop
method to synthesize calcium alginate/biochar (CA/COSBC) composite gel microspheres. The CA/COSBC
composite gel microspheres were characterized by SEM and FTIR, and its aqueous Pb(Il) adsorption
performance were further investigated, with the adsorption conditions optimized and the kinetic as well as
thermodynamic behaviors of Pb( Il ) removal analyzed. The results indicated that the CA/COSBC
composite gel microspheres prepared with m(SA) : m(COSBC)=4 : 1 showed the best adsorption and
removal effect on Pb(Il). At room temperature, under the conditions of pH 5.0, initial Pb(Il) mass
concentration 250 mg/L, microsphere dosage 0.77 g/L and adsorption time 4 h, the equilibrium adsorption
capacity of Pb(Il) could reach 236.4 mg/g and the removal rate was as high as 72.81%. The removal of
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Pb(Il) by CA/COSBC composite gel microspheres was spontaneous, and conformed to Freundlich

thermodynamic model as well as Largergren quasi-second-order kinetic model, with the multi-molecular

layer chemisorption playing dominant. The main factor controlling the adsorption process was attributed to

particle diffusion, while surface adsorption and boundary layer diffusion also affected the adsorption and

removal process.
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CA/COSBC composite gel microspheres
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298.15303.15 308.15 313.15 318.15

Langmuir  ¢,/(mg/g) 6250 621.1 6493 662.2 653.6
k/(L/mg) 0.0097 0.0086 0.0069 0.0060 0.0055
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R 0.9107 0.9046 0.9372 0.9218 0.9072

M 1 WTUEH, FEIEENERE (298.15~
318.15 K ) il N, Wit 25 Freundlich %5 i WK fff
AL LA W4 (R*=0.9046~0.9372 ) , 2B fff it 7%
JBFZ20FIZ2WMH. XATRER A, I RS A
A B B S P( D) R A AR B RE
H A A0 1n fe/ NI B BB, — R
HAG Ny 0~2 B, MRt o ki HAE>2 5, MEDA
a4 T
232 BMHHF

Bl 11 F3 2 AR Lagergren - — 2 50 1 2441
it IR 3 N L= 2 - i LS 1y B2 N ES 5 1
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4 300 mg/L
v 400
0.010 | | Soomet
W 0.008 |
g .
)
T~ 0.006 et —°
& ra
0.004 | M
W,,;,V/J—’—'—/"
0.002 L awrere @ 4
0 0.02 0.04 0.06 0.08 0.10
£!/min™
25 ¢ g 03r < b
® 02} /
?D 20t 5 01t : .
L5 10 20 30
‘g it []/min
X 10t
S
~ | = 100
0.5 . 2oomar
4 300 mg/L
ol v 400 mg/L
, . . . . . , *300mgL
0 50 100 150 200 250 300 350 400

5} 8] /min
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Quasi-first-order kinetic fitting curves (a) and
Quasi-second kinetic fitting curves (b) of
adsorption of Pb(Il) by CA/COSBC composite
gel microspheres at different initial mass

Fig. 11

concentrations of Pb(1l')

by CA/COSBC composite gel microspheres

Pb(11)#) WE— 23 g 2 R Y i S Ak S
R :
JEE/(mg/L) (mg/g) min! (mg/g) [g/(mg ' min)]
100 145.1 140.6 7.9760 0.9058 148.1  0.0005  0.9993
200 192.5 184.2 4.0830 0.8512 196.1  0.0005 0.9994
300 299.3 288.2 2.6600 0.7788 302.1  0.0005 0.9997
400 376.9 362.3 2.2060 0.6903 383.1  0.0004 0.9996
500 456.4 452.5 2.0630 0.7951 463.0  0.0006  0.9999

T Qo FBPATW MR qoa— BB P AN k—
WE— P32 W SOR M B ) 2 R RP—kE
AR R

B 11 F13R 2 0T LA 1, W98 1 2B
R EL (0.9993~0.9999 ) FH i K THfE—Zsh /1
ARG B A 5 224 (0.6903~0.9058 ) , s F
MR o PO LI AW i (Gexp ) SR
PP RS A5 A IS P A B (gew ) EBEWHZIE,
W] CA/COSBC & 4 BEI WK X Po( 1) AW fh 7 7
— 5 MRk B3
233 B FAER

3 3 N il R RI A S B .

R3S S

Table 3 Parameters of moving boundary model

By SRR AL R

2H
W BRNTEC R
k/min”"! 0.0076 0.0008 0.0010
R? 0.9803 0.8970 0.9495

MR 3 WTLUEH, TERBEY # B, —In(1-F)
5t Z S RIFLIELR (R=0.9803) 5 i
KL FORI AR 27 SN T8 BT 0 0.0008
0.0010 min ', FEIRZE WK AP B Po( 1) 1 1
FE P 2Z 8] 00 Ak 2 S0 SR IR B Ao R Y 32 B R D
g, HEZZPOR A Bt U LR i
12 i o

MK 12 T, Pb(Il)5 CA/COSBC & GEEIK
TR 2 1 A 3 M A1 ( In—OH ) 22 i) 77 Ak Y Al AE
fof HLAHGH IR AR PSP LBl CA/COSBC & A #EK
TR R . PRk 22 R AR Po( 1) % i
CA/COSBC & A &Itk F2 1H 19 ZFLE5F 9 8L E N
#B, Pb(Il )5 CA/COSBC & A #EMfiEk £ 2 LI
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Fig. 12 Schematic diagram of adsorption mechanism of
CA/COSBC composite gel microspheres for Pb(1l)
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Fig. 13  Fitting curves of intra particle diffusion model
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Table 4 Fitting parameters of intra particle diffusion model

BB 5Bk BB

Pb(I)
WA BT
BkE K, ¢ R K, C R K, C R
(mg/L)
100 12.87 38.44 0.8307 2.654 101.7 0.9335 1.304 120.0 0.9841
200 9.176 107.2 0.9639 4.611 127.6 0.9758 1.071 171.7 0.8999
300  6.541216.9 0.8634 5.304 225.1 0.9613 1.395 271.8 0.8008
400 5.241 293.2 0.9999 5.699 293.2 0.9447 2.058 339.5 0.8950
500 5.801307.50.9790 5.172 392.5 0.7864 1.122 437.6 0.5396

K, Bk mg/(g-min'?); C Bl me/g.

PR P 47 BCRSE 28 0556 i R g I A R N B

Bl AR ) 3 7 2R, AT AR 5T W B Ao R Y s A
R, Al (13) Por,
q,= KNt +C, (13)

X K, MRF AP HOE R E, mg/(g-min'?);
C; NI AN ()R, mglg; g, A ¢ B
1) -1 I B o, mg/go

ME 13 Fik 4 FTLED, AR BN L HL
P, W CA/COSBC & A BERRER X Po( 11 ) Wi fff
AT R 3 ANBBE: 55 1 AL A AT R R I B
Bf, fEX—MrBE, Pb(I)MEEHH CA/COSBC A
BEIC R R I B, R SIS AL 2 A4
2R 1 o X SN G2 18 R BB B, B B P(TT )M
CA/COSBC & & Bt et R Z= 1w a] (N80, Hovp it
R BOR RO B BRG] 5 3 AN e Xt
i Ph( 11 )5 CA/COSBC & A I Ao W B 437 5 5 17
FEIR I P 1B 13 LA 3 gk &t
JE A, UKL P99 IO 2 42 ol WA A 2o 52 1 1 — 1A
R, AW R I AR A7 3] 2% T BRE RN i 2RO
T
235 RM#HHF

5 CA/COSBC & A B iR Xt Po( 11 )i fff
T A ) I AT A A S R

#* 5 CA/COSBC H A HERHERN Po( 1L )W K94 Ty 27
WESH

Table 5 Adsorption thermodynamic fitting parameters of

CA/COSBC composite gel microspheres for

Pb( Il ) adsorption
Pb(T)#) o AHY/ AR AR (K)
R (rﬁolf %] (kJ/mol T AG®/(kJ/mol)
JE/(mg/L) ) 70815 30315 30815 31315 31815

100 -71.15 -26.66 —5.333 —5.207 —4.498 —4.308 —4.184
200 -40.06 —-14.42 -2.406 -2.238 -2.131 —-1.873 —1.661
300 -39.43 -14.17 -2.338 -2.208 -2.020 -1.831 -1.614
400  -36.05 -12.97 -2.191 -2.030 —1.789 —-1.676 —1.540
500 -22.37 -8.639 -1.923 -1.854 —-1.723 —1.639 -1.533

M 5 AT LIEH, 7E 298.15~318.15 K i, AJA]
HE T AG* <0, HIREE AG AXHEM /N, £
B CA/COSBC 42 A 5 Wk % Po( I ) by W i o2
B A KM, MEEEN TR, KA RMERE T
Wk RS R AS'<0, W] CA/COSBC & Ak
FRE ARkt PO T ) A I8 B ik A — 0 1 FR BE I8N Y
AR, REAE Po(I )W as T v BEE RS I, 1A A T TR
BLEERRAR, FWMC T vk A R TR AR Rt
(B H AU s T B B A T s, D B R
LR Py B o A R A
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Fig. 14 Reproducibility of CA/COSBC composite gel

microspheres for Pb( Il ) adsorption
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Fig. 15 FTIR spectra of CA/COSBC composite gel microspheres
and after its 5 cycles
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