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Adsorption Characteristics of Pb** and Cd* by Modified Paulownia Leaf Powder from Aqueous Solution

LIU Wen—xia, LI Jia—xin,WANG Jun-li, CHEN Xue-bin, MENG Xiang—yuan

(Department of Environmental Sciences, College of Forestry, Henan Agricultural University, Zhengzhou 450002, China )

Abstract: Tree leaves are waste litter and can be used as an adsorbent to remove heavy metals from water. In this study, paulownia leaf
powder was modified with three chemicals, sulfuric acid, sodium hydroxide and thioglycolic acid, and was then examined its adsorption of
Pb* and Cd* from aqueous solution. The surface and structure of modified paulownia leaf powder were characterized using Fourier transform
infrared spectroscopy (FTIR ) and scanning electron microscope (SEM ). Adsorption of Ph?* and Cd** by three modified paulownia leaf pow—
der was fast and reached an equilibrium within 4 h. At pH3, temperature of 25 °C and adsorbent dose of 3 g+L™ in solution, adsorption ki—
netics of Pb** and Cd?* could be expressed by pseudo-second —order kinetics model. Compared with unmodified paulownia leaf powder
(UMPPA ), adsorption ability of NaOH-ethanol modified paulownia leaf powder( MPPA No.1) was improved significantly, and the equilibri—
um adsorption capacity of Ph** and Cd** was 15.38 mg-g™ and 14.71 mg-g™, respectively. In addition, the adsorption speed was faster for
Cd?* than for Ph?*. UMPPA revealed flat and smooth surface, while MPPA No.1 exhibited rough and honeycomb—patterned surface. The spe—
cific surface area of MPPA No.1 was 3.124 m*+ g™, 50% greater than that of UMPPA. Paulownia leaves contain active functional groups such
as hydroxyl, carboxyl and amides, facilitating adsorption of Pb** and Cd*. In conclusion, NaOH-ethanol modified paulownia leaves exhibited
excellent adsorption for Ph** and Cd* in wastewater.

Keywords: paulownia leaves; modification; Ph*;Cd*; adsorption kinetics; Fourier transform infrared spectroscopy (FTIR )
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A5 LT AN EREAL (TENSOR27), Fr 3 T Y (Quan—
tachrome NOVA 1000e ),

7 : HoS0, F HNOs g4t ,NaOH . &1 H

M FiHE 2R Pb(NO;), Fl CA(NO5), N4 Mradi, brif
VS Cd \Pb ([ A B A, 4N BRI 90 8
Bi ).
1.2 ER%E M e

2012 A Z A ] B AR b R 2 A el WSO L AR A
M, 258 KIS E T, B TR 60 C AT,
WY WFES RS A TR 100 B IBA 5] AREAE
TR
1.2.1 NaOH-Z Btk

FTE/K 2.5 0.8 mol- L™ NaOH(JAFI Ay 2:1)
VS, DL 0.2 g- L7 (A ER B AV ARAR iRy A IR 3,
FE 24 h 5 HEE /KGR pH R 7, BUEAIE U8
HETE 60 CTMHET25 H, 45 07K L BE-NaOH Kb FH )
— 5 A YA AR R 2R W B 3R] ( Modified paulownia
leaf powder adsorbent No.1, MPPA No.1),
1.2.2 H,S0,~F i

PL0.2 g- L7 9 LAl im AR AR P43 2K T 250 mL
HECR R, A PR R/ R VR TR (34% HH N 0.1
mol - L™ H,S0, IRFHLLN 1:4) 121 24 h )5, FI 258
FKIGVEZR pH 2 7, BUEHETE 60 CTHHLT# 1, il
15 HoSO,— FF i it Ah B ) 5 A0 P YA AR P49 2K
455 (MPPA No.2),
1.2.3 PO K% 5L L IR

iAW S IUEKRARFLE S 1:1, F4% 20 mL
VSWOM— HaS0, 9 H A HaS0,, o, H,S0, 1
PEARTR , DS Pk R RV 7], A IO Ak e B R 2
(K A R RO IE R T DL 0.2 g« L7 (1 Hefsil
AR R AR IR IR 24 h 5, R EFK
WUEZ pH H 7, U8 TE 60 CTUET-45 11, 451U A
R MR — 51035 2 R SO A B 11 =5 OO Y AR T 49 2 W%
B35 (MPPA No.3).
1.3 SELARIARE - £ 490 R A 77 B R B 14
1.3.1 s [R]Xof HRZ SR A8 SR 118 5 i

3 Rl MR B R A R R 3 g L7, A ElinA
WA E N 50 mg« L™ Pb** 1 50 mg- L™ CA* A IR T
WA pH R 5, METR (25 °C) LA 200 remin™ 5
IR 15.30.60.120.240 360 min, W 58 5 f5 3
P&, VWP PR Cd> e B KO T IR ALk
FE o AR R JE ARC PR CAP R B, AR
AARRE,

Wt Q=(CoVo=CV )im

% R=(Co—C)/Cy x 100%
P Co B iR P> VR BE ,mg - L5 C Ay W B ~F- 4 i



1228

KA IMERF 217 ERRET LR

P mg - L5 Vo AR EE AR, Ls VIR
PV AR R Ly m S W BRI B, 25 Q O IR R
mg-g"s R HEERR, %.
1.3.2 W2l Iy R A4l

MR W 8y 2 ST MR T R B[] ) 2 AL
ISl R 0T IS BT Ao AR P 2 R T Il (AR B ) —
PR Eh T3 75N -

3 1 t

@ kgt g
g, o 20 B, mg - g™ 5 g Ry PR R A4 I
F19 82 B 3, mg - g™ sy Sy R B H R R g omg

7 W R O R A A B Bh g 2E AL T L
tlg—t FEEIAT IS 3] — Sk B . HHE GO M8l )2 0 e
ST THER SRR I Th] W2 R 80 A 7™
R B VR A i A A
1.3.3 PP A SO A oy A R 90 500 R PR L

3 Fhletd: MPPA No.1 .MPPA No.2 MPPA No.3 1
1 2 20 ) 60 A 493 A< % B 551 ( Unmodified paulownia
leaf powder adsorbent, UMPPA )X 7Kt Ph>Fi1 Cd* At
Bif o ANEIZREERILL 3 g L7 BeAsl 23 B AR 46 v B2 Ry
50 mg- L™ Pb>H1 50 mg- L™ Cd*¥%sikrf, #7355 pH
A5, METR(25 °C)HLL 200 remin™ 5 YR 4 h, W FHE
e, 2L U8 B R Ph> AT CdP v B KM D IR
WOHEI AE o AR W AT S W Ph> F Cd* vk 2, 1
SR B SRR 38, R PR R T 500 o0 A 5 O B 5
AR BT ARACR
1.4 SELARI AR e 49 o IR Bt 57 ) SR ALE

(1) beRmAH N, W B <5l 2k 5 BET J7
PGS G TN A it 1 EE R TR

(2) 44 Ha 458 (SEM) « G 12 it R i 72 A 5
R G JE & b RS PN F w4 5, Witk
T JE VLR R B AR T TR SRR S

(37 AR SR LT A 63E (FTIR ) < Xof B PE FA 24
PEWARA AT 2L GG I A , AR SO IS W B 5]
HAERIRY B

2 #REW®R

2.1 AR AR W FEFIXS Ph>Fa CA> IR B 14 Bk
2.1.1 BFIA]%F Ph>F Cd> W B 25 SR e 5 e

3 TR AR g A R I 5] it I [ i ) B < X6F 7K
o Ph* R Cd>* BRI 1, £ W BFAIXT Ph> i Cd>
) 22 53 2R I I FFF s [ () B8 Iz B i, SR S A 8

R, W A3 P, MPPA No.1 WZERHERHE] 2y 15 min
i, Ph>* 23R 3 93.49% ,30 min J5 HEAS |- 35 31 0 it
A, PhP R F N 99.77%;MPPA No.2 1 [t i a] Sy
15 min [, Ph>*ERRZ S 71.00% , W] 30 min
i, Ph?* 25 B R Oy 84.32% ,1 h it Ph** 5 B R oy
92.43% , 1 h J5 KA IK 30 BFF-#7MPPA No.3 W ff s
[ A7 15 min A, Ph* 22BN 68.74%, W FiHesa] A 2
h I, FEAS IR B -7, P> K BR R 75.07%. AT
i, MPPA No.1 Xf Ph* ) 1 jff 3 Ji % MPPA No.2 i
MPPA No.3 H, Tfii H. MPPA No.1 Xf Ph> i) 2 BRECR
MPPA No.2 Fil MPPA No.3 %,

120

" (a)Pb*
100+ T PR [ I— T S— u
- e e g e o
S 80 TR LI x,
¥ 60b
40+
20+
o b , , ,
15 30 60 120 240 360
t/min
120
[ (b)cd
100?"_ ___________ - I E— - — I E—— ™
. 80f .
%\i [ S e —
& 60 .
S
|
40§ — E
v 3;.{ .............
201
0 15 30 60 120 240 360
t/min
-~ MPPA No.1 -7 MPPA No.2 -~ MPPA No.3

Bl 1 Ph>F0 CA* R UK Bif5h 71 5 i £k
Figure 1 Kinetic curves of Ph** and Cd* adsorption by

paulownia leaf powder
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Figure 2 Curves fitting Pseudo second—order kinetics
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Table 1 Parameters of adsorption kinetic equation(pseudo—

second—order kinetic model )

Ph?* (o
W gy ko . al ko .
-1 -1 sl R -1 -1 sl R
mgeg”  g'mg *min mgeg”  ge'mg *min
MPPA No.l 153846 01408 1 147059 15413 1
MPPA No2 147059 00206 0999 113636 0.0152  0.999
MPPA No.3 117647 0.0354 0999 40984 01223  0.995

B3 445 Ph>Ht . MPPA No.2 % Ph -0 it ke, #F
3 Cd* Ko MPPA No.3 Xif Ph** -1l fff £ & Cd>*fiy
2.87 £i5 ,fH Ph [ k, iE/NF Cd*, B WL ekt Jr ATl
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2 SEMAR R IR B FIRT Ph>F0 CA>HITR f 8 0 R 2

Table 2 Adsorption capacity and removal percentages of Pb* and

Cd* by paulownia leaf powder

Ph* e
R e 551
Q/mg- g™ R/% Q/mg-g™ RI%
MPPA No.1 15.33 99.78 14.59 97.03
MPPA No.2 14.38 93.59 10.74 71.37
MPPA No.3 11.43 74.73 4.17 27.73
UMPPA 10.32 73.10 11.68 85.49

ARel M UMPPA Xt /K b Cd> iy e bt &2 4 11.68
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PIFR =X Ph> A CA A B RE AN R BRASUR . AT
FHPL CA PR M A 50 mg - L, 16 AR AE A 4%
W B 550 5 5 g L IS, CA> W Fff 52 4y 9.84 mg- g™, W]
DR A A AT R T X . g R B 50 R 55 T A A A A
M4f . Ph* RV R 50 mg- L7, 36 LA AR AR %
Ph> PRI R 420 24.66 mg g™, BRESCPEILHR R 1% Ph*
(AR B SR 5 A A A AR 22
2.2 SEUHRE AR I R B 5 B SR AE
221 SMIIBERIE

TELARARS T2 B 550 A L B (SEMD LI 3. WT LA
A th, UMPPA FRIfiHG HL AV R, oA B i AL
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Figure 3 SEM micrographs of paulownia leaf powder
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Figure 4 FTIR spectra of paulownia leaf powder
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