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Adsorption of Pb* by different organic materials in aqueous solution

SHAO Yun'!, CHEN Jing-wen', WANG Wen-peng', CUI Jing—ming', LI Hao—yang', WANG Lu', MA Shou-chen?

(1.College of Life Sciences, Henan Normal University, Xinxiang 453000, China; 2.School of Surveying and Land Information Engineering,
Henan Polytechnic University, Jiaozuo 454000, China )

Abstract: Lead(Pbh) is a common pollutant in water and soil, and organic materials have the potential to adsorb heavy metals.The properties
and Pb** absorption capacity of four kinds of agricultural and forestry wastes or processed products there of (sawdust biochar, corn stalks,
chicken manure, and mushroom cultivation residue ) were studied. The morphology and functional groups of these materials were character—
ized using SEM and FTIR methods. Batch adsorption experiments were conducted to investigate the effects of pH, time, and initial Pb** con—
centration on the Pb** adsorption capacity, and the adsorption kinetics and efficiency were studied by using different kinetic models, as well
as Langmuir and Freundlich models, to fit the experimental data. All four organic materials effectively adsorbed Pb?*, but their adsorption
properties differed. The adsorption capacity of straw, chicken manure, and biochar was dramatically influenced by pH value, with an opti—
mum pH of 5.0. The optimum pH for mushroom cultivation residue was 2.0, and pH value had a weaker effect on its Pb** adsorption capaci—
ty, as the adsorption capacity decreased smoothly as pH increased. At 25 °C and pH 5.0, all four materials quickly reached adsorption equi—
librium, and the adsorption process could be well fitted by the pseudo—second—order kinetic model and Langmuir isotherm equation; the e—
quilibrium adsorption capacity of biochar, at 411.52 mg ¢!, was much higher than that of the other materials. The maximum adsorption ca—
pacity of straw, chicken manure, and mushroom cultivation residue was 40.90, 41.82, 115.65 mg-g™, respectively.
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Table 1 The physiochemical properties and Pb content of

different organic materials

BHYWE RS/ wm AHLT/g-ke?  pH  Pb & iE/mg kg

F&FF 325.1 789.94 6.91 9.62
X3 64.23 265.34 5.18 11.76
E5hicy 2725 647.13 8.49 14.09
HE Wik 301.3 443.74 9.88 30.98

it 1P SR R FH O RLE 23 A (Microtrac
S3500, USA)IE o A AL 5T 2 430550 7 |, J6 % H TOC
A M4 (ElementarVario TOC, German )l ‘E AL i A
BILBI 5 5 73 B8, A5 B3 A AL S5 o 04 (He B8 3 8K
1.732) . pH {HRHITC CO, ZE1R/K R, pH T (Mettler
Toledo FE20, Switzerland ) 1l 5 , Foip A= ¥y 7% 5 7K EE 9]
o 15:1 HAmA HLYEHS KB E Ry 10:1(Z 5%
e N RFEFTE RV AR #E NY 525—2012 A5 HLIE
BH) o Phb % R A0 I ## (X (CEM Mars6 , USA ) JH
b, KRR E (ZR D5 R EHD-24, b 50 ) EEmR , 35
TS (Thermo ICE3000, USA ) #4172 .
1.2 MR B &R

1000 mg- L™ Ph> "4 ¥ H Pb(NO;)(AR) Pl ,
VSR S AR B 0.01 mol - L NaNOs,
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H 2 2 DURNA HLA R FLBRZS A R AR T U
A= ) L TR BR AL A LA B & T A A L,
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P AP B ER T 5oL
2.2 MFIREEN
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Table 2 Specific surface area,total pore volume and average pore

diameter of different organic materials

HHLWE BET lERMA/m ¢! SALAERem® g P4/ am
AT 2.40 0.007 7 12.94
X3 4.83 0.013 0 1075
[Episs 6.90 0.020 0 11.61

AWk 174.85 0.1139 2.61

AL ISFERUR /N HINER, A AR A )=
LR 5 o3 AR I ) TR U A 250, A R 23 2T HER P S LA
SRR AR R B 0R 2 ThT AT R YA B AN
R R JEE R o
2.3 WRPHFIBILISNSEIE 17

B2 RS o0l g A e TOKRFHAT 38 3%
TR Ph RIS BIZLAM AT

T
PEAR M T AR AR R AR FARTR

100pm

| EFENIEHA EYR; B FEFF; C. 383D HiE ))SEM

Figure 1 SEM images of biosorbents( A : Biochar;B: Straw;C: Chicken manure;D: Mushroom cultivating residue )
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Figure 2 FTIR spectra of raw biochar and Ph—loaded biochar
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Figure 4 FTIR spectra of raw chicken manure and Pb-loaded

chicken manure
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Figure 5 FTIR spectra of raw mushroom cultivating residue and
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B R Cr( T ) Cr( VL) i R B4 A oE— G Bl 7 245

R DY/ FE ROV, X TRy ECS
A7 W AR 25 G e 7, P T — R sl )2 R
Hh G, Singha SRR FEREFT b SE RERAE D1
PR R Ph (I ) A5 2 B, ORI HO FR I R
BT 0.9, A ST AR Ph> W Bt il FEANAF
HIZIEHL A IAREEPIIFTE R | B T AR B B A AR
T M AUL A S22 0% R 2 1S S EL 400 “CHfil £ 5% Ph* ()
WG T, T e = S A DU R Y, 2 R - S Ak
Ph> I I AR I EANAF B B F A I8
2.6 EOFRiFRLXE Ph a5 iR IR B

&l 6c R s pH=5 JREE 25 °C, S B[] S i
BRFSP- B (AT B, A2 4fy P2 B X6 DU RN AT AT Aok R B o
AIFENR o AT LA HY , LR BRI 80 & ORARe AN A8 B 155 150
T B Ph v I ()4 i W R i 2 B BT A, Ho
A= W e R I B e e K, TT A 1) 401.25 mg - g7, i HLY
Co>600 mg- L™ 5], g A 2 IIG AT, FORFEFFFIG
FEWZ Rt W) 45 BE B AR AR LA — B, TR Co<
200 mg- L™ B, W B 14 ke ST S, A I Gk )
668.87% ,200 mg- L"'<C,<800 mg- L 5}, W& & 25,
AR, P E S BIAE 1.91~13.78 mg-g™ il 0.56~
15.81 mg-g”', Co<600 mg- L™ i, A XT Ph* it ik -
BEH) b5 e 5 38 fin Ea S4B 8, Co=600 mg - L™ B (14 W
AL Co=25 mg- L™ B350 T 92.43 mg-g™,600 mg-
L7<Co<800 mg L™ B, Mg /N, JERIZE 6.41~
1434 mg 17,

IR 55 P A A5 AT SR B AR RN S , B W)
e B 5 W SR = e B0 T, s IR e S e K
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BEEWI UG PO R EERISE N, A DLDEH IR B A5 A
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&R 3 WEEVER PhERME A FEFRENESH

Table 3 Fitting parameters of kinetic equations for Ph** adsorption onto biosorbents

2 bt HE— sl 2 A R 2 SOURL N B B RY B AR

B b min? g./mgeg R? kymg+gemin®  wo/mgrg’ min” ¢./mgrg?  R*  kymgeg’emin®  C R? S/min™  R?
SWT 0.0260 15073 0.1636 0.004 3 5.61 36.18  0.987 3 2.009 3 14.02 04281 02129 0.667 2
JG 00113 08366 05811 0.024 8 5.13 635  0.999 9 0.168 2 459 03051 0.1008 0.733 1
JF 00117 11698 04678 0.020 4 4.76 701 09999 0.286 9 409 03200 0.1177 0.896 2
JZ 00142 10965 0.69% 5 0.020 9 427 6.92 09999 0.168 2 459 03051 0.0799 0.708 8
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F, MRS AF RG2S 0 W B A7 e 2 B S T ke, Pl B A
B REFA W LR B el 4% AR M, AW FEFE
X & HN T A 1Y L2 TH AR 1) D 174.85.2.4 14.83.6.9
m’e g™, AEXER L, Ph* /e B TRIAR A di R 75 o
A 17.04.8.66.16.76 .2.35 mg - m™2, 15d HH A= ) ¢ BAAN THT
R AT SO BT HAB AR IR, SR v ) I B 25 6
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Ki<1) s 2R (K =1) s AN AT B (K =0 )™ AR5
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3 it

(D PR PLPPRHS REAROR MK Hr i Ph> 2
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B T RE A B A2 R B A 28 3 (R TR UTRE A o
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/N, pH S 1~2 B, W B 0, pH>2 B I B AT
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(3) AWy pext Ph> (A B BEAE 20 min PN 352 W
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