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(TEM) X JEHFREIE (XPS) JREIBEIRTF (VSM) S F-BERAE T RETEGURM B b 2= L A B0 %52 T
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W B ESER] 1 b pH 5.5 W RRFRIEEIN AL 1.5 - L3 DLAEA7 B T AT 0 A5 6 W B 2 Bl ol B2 07 AR LA
JESE Fe, 0,@ PDA NPs X 45 25 F 19 W 55 1R 2R 475 & Langmuir J5 2, A 5843 1 2 W B, 10 AR B = 24
20.68 mg-g '.1.5 h P ,Fe,0,@ PDA NPsXt [ A7k 0L 7K H 45 (0 2 B 25 BRAICR AT LR 3 97.2% LA I, b4
RFWIFe,0,@ PDA NPsTT LU T84T Qe BB KA 1A b v
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Adsorption and removal of lead from simulated waste water using
polydopamine modified magnetic nanoparticles

MA Yurong ™ ZHOU Luyue
(School of Environmental Science and Engineering, Yancheng Institute of Technology, Yancheng, 224051, China)

Abstract; A coprecipitation method was employed for the synthesis of polydopamine coated magnetic
nanoparticles (Fe,0,@ PDA NPs). Transmission electron microscopy (TEM) , X-ray photoelectron
spectroscopy (XPS) , vibrating sample magnetometer ( VSM) were used to characterize the structure
of the magnetic fnaneparticles, “and all the results indicate the successful synthesis of
Fe,0,@PDA NPs. The effects of solution pH, adsorption equilibrium time, dosage of
Fe,0,@PDA NPs and coexisting anions on the adsorption of lead were investigated. And results
showed that the adsorption isotherms of lead in our experiments could be well described by Langmuir
equation, while the maximum adsorption capacity of lead reached 20.68 mg-g™" under the optimal
conditions of equilibrium time 1 h, pH 5.5, and Fe,0,@ PDA NPs 1.5 g+ L™'. Furthermore,
Fe,0,@ PDA NPs could remove at least 97.2% of lead from tap water or simulated waste water
within 1.5 h, which demonstrates the potential application of Fe;0,@ PDA NPs in the treatment of
lead polluted environmental water.

Keywords: polydopamine, heavy metal, magnetic separation technique, lead contaminated

wastewater.
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By SR G AR ANRIERR O 4 AR, 6 PR A IS B i ™ R A £ A KR T Y 328
P2 — BT AR T Dl AR e B A AE TR BT v, AT 535 H SRR BE V5 /K R0 Talb g K v i 4 5 i
WA, 7 LA 4K 0 Ab B — A2 AT S ) 56T H AR S K A B vk £ E A BT
A UUTETR W R | F AT A3 B A L R Bk el A B SRR T B R BRAICR 1 S
UTAE A B T ) Sz i

UEAEA Ry B R 32 BT TR R 22 19 S 3 A Ay i L P i P R o 50 22—, DU Ak = ki Kb
BH(Fe,0, NPs) T M A BE . 55 Tl 46 R TE vl P S5 i, 26 SRS 400 A5 2 32 B FH L S5 6 e A il
LTHERTR AR SRR R AR W B R RS B 500 A EE , Fe, O, NPs IR B 7510 AS AN LA R A T ARUR 35K
SR I RE A TRV T DA AE Bl ARG A7 5 IR A A A DAV R P DR [ 9 4 5, 3 G T A1 45 i i), S A
Y 308 R A A R o = T AR e g [ L0 R Fe, O, NPs HLAT 25 1Y LU R THI RE , 25 5 & A A 3¢
SHOLRE M2 (A X Fe, 0, NPs 17D BEA A FT A4 5 H /et Ao v, Rl aT ABI A5 B
B TE ey ELAT R SV 3 T S A | R 3 B 1 75 e W I S B Ak R 1 .

VR — Tl 22366 I, 22 B e DR b A A FIRAL R el )3 B A R R A 2 s ) 2 B e
Bl T KA R RO I HL A B A 2 BT LA R LT BE A EAU A HUR RN 4 4E 1k
Wy SR RO S ARBFIEE ) £ CUNEAE Fe, 0, NPs KA RS FIREZ O Fe,0, 41
KA (Fe,0,@ PDA NPs) ,Fe,0, NPs 1 (3R 2 B Gl # i 5| JJFIN 0 Ja&R 5 Ph> Z IR M EL A AE
FH, 0T LAZE Gk AR dr 4 8 1 A B35 2 Fl Fe,0,@ PDA NPsSZI R RL B3R % /K 4 85 719 H o5

ARSI T RGP 4 K et o T e P T 408 N 3R 22 L i 2 it e g 45 5 e T Bk o, B ) T —
S0, T ARG W B 38 i 22 B R A ARIE R T Fe,0,@ PDA NPsBYIR NG K, LLFe,0,@ PDA NPs iy
W RRER) , 2 58 T A 5 7 B I BRI B, I L T S B KR HR A 1) 25 1%, LA A 505 e SR 8 /K R 1) 1
AR A FR AR A — s AT 5 JEL S 0 1)

1 SEEGEA( Experimental section)

1.1 SEEah S5

SEER IR« UK EAL R 757K = SR A RR A — K A R A AN RS IR B | UK Y R S B R
BEEUSAALAN RERREN BRIREA ERIR AR AF N S A B ah ], W T 25 4 A AR A BR S R SR
K RiB4tioK.

SN B G HLBE( TEM, H-7500, Hitachi, Japan) JRZIAE S #EETT(VSM, LDJ9600) (X HF£ko
HLFRE T (XPS, esca-lab-200i-xI) 2545 % (3 FH T R AE AR A5 4 PE 40 Kb L B A 4 4 W BE S Ri A%
KANFEIEARZEL F] TAS-990 HY Ji - W ST 43 D' 't JBE T 6 0 8% B i Js v R0 b 4 8 VAR 32 T 30 4
283.3 nm S5O ATHAL 10 mA BREETEE 0.7 nm.pH (A b5 & IR 25 pH 1. 88 7 0 Ye U F ik
W RGP E A KRR 43 L
1.2 gkt
1.2.1 REPE R B 500 Ay il 2%

2 M SLI6 3 H Y TAED 45 Fe,0,@ PDA NPs.#f 5.2 g FeCly6H,0 2.0 g FeCl,:4H,0 F1 0.85 mL ¥
ERIMA F] 20 mL 2 5 T /K, 80°C /K ¥ Jin #4 R RE 1 1 FE T, 8 DL I W12 42 i A F] 200 mL
1.5 mol - L™" NaOH W . — & B )5 , RIS IR 37K A5 (%) R 1 98 K AR A T B9 53 85, 6015 21
) Fe, 0, BEPERUR FHBEEK  JC/K £ BEAS T VP . 35 5 1545 219 Fe, O,NPs & H.

4 400 mg Fe;0,NPs 200 mL 10 mmol - L™" Tris-HCI % ,400 mg £ ELRE A 250 mL ETENE % iR
THEWM P ZIR AW W 12 h, R Z B E T A RA N A& B Fe, 0, NPs & [l 8 15 2] (1)
Fe,0,@ PDA NPsHIHSEK RS, LABR 280 AR R N 19 2 B R, B Jm B il 45 [ Fe, 0,@ PDA NPs'E T H
25 THRFE T T M8 12 SR W TR O A 2 36
1.2.2 g sz

] 20 mL —E W BE (1) Ph> W INA 2 30 mg RETEAURBEEL, IE0 5% P> WIIRVREE N C, Lk
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W pH HIH 2 5.5, BT 30 CHEIKT IR 1| ho ik BN 2 J5 45 R TSP e b NG 3 4 A7 [T 9 709
T [ 58 423 B 5, RS I 6 mL E &, 1S5 OGRS SO E B Ph> R 12 h
CRETEGIARBT R Ph> £BR%=(C,-C)/C,.

HPE 5% pH XFETIR TSI [ E Ph* R BE KA (1.5 g- L") FIHF- S E) (1 h) K
W pH E RS 2.0—7.0 Z [IHEA IR 525

R S R AP R R R 7R P e, A SR AN R PR R B 590 P 2 510,20 30,40, 50,60 mg,
BRF351 X5 10 ¢ 4339104 0.25.,0.5..1.0.,1.5.2.0 2.5 .3 g- L.

HE G B TR B g2 T I ] TE] B (5,10,20,30,60, 180,240,360 min ) SR AEKHE I
SEVW DT A TR L.

PO A TR LA JEE (3.75—42.8 mg- L") | AT A W FFF 45 R 2%

[0 & A Fe,0,@ PDA NPs 3% H il A NaCl, Na, SO, ,Cu(NO,),.Ca(NO,), MgSO,.Cd(NO,),.
CoCl, AN [m1 ¥R & KC1 25 8 377 [ B 25— 2 5 B X 5 2 BRSO B 52 e I B T S0 o de 249k S5 3
4 NaCl (30 mg-L™") Na,S0,(10 mg-L™") . Cu(NO,),(1 mg-L™") Ca(NO;),(30. mg-L™") MgSO,
(10 mg-L™") .Cd(NO,),(0.1 mg-L™") ,CoCl,(1 mg-L™").

5 Je#Fe;0,@ PDA NPsHI T FH R /K AR K t s 85 1 IO MR 25 B, A TR SR K AU R K h
TS B T, 88 R A 3.75 mg-L7' 8% 10.7 mg- L™ KAEEREIR PR 1.1.5 4 h 5, & |
R U ISR R S5 o N

2 ZEHL 5398 (Results and discussion)

2.1 REPEAOR B RLRAE

i Tris-HCl 5908 T, 2 HEFE Fe, O,NPs @ik A R A, IF WM 7EH R, 52 R 2 M
BRI REEAK TR (Fe,0,@ PDA NPs) , 5 F 40 B 1A T/ 202 S i 38 B il 7 8 B ( TEM) X &
BLAAK AR Y BIE B AT ZRAE. AN 1B FR A AR L T00E I A3 2/ Fe, 0, NPs HAGERIE 251, 4
LA 15 nm, NEIH AT LIE 5] Fe, 0, NPs A& 48 W 1) SR 45 200 R £ UL BB i 5 , 75 2042 50 U 25 ¥4 1)
Fe,0,@ PDA NPs,/h52)ZIE 20 5 nm (BAC) X 2 T 2 PG o 36 -2 Ak 24 /E B AE Fe, O, NPs
RETEENREOEZ.

Polydopamine layer

Structure of Fe;0,@PDA NPs

1 Fe,0,@PDA NPsHIMITUE (A) Fe,0, NPs (B) and Fe,0,@ PDA NPs (C) HJ TEM &}
Fig.1 Structure of Fe;0,@ PDA NPs (A), TEM images of Fe;O, NPs (B) and Fe;0,@ PDA NPs (C)

RHT X OEHL T BEHE (XPS) B EERETEANR AR R i 1 02 AL A& 2 s, Fe, O, NPs 11 3 2
Fe F1 O TR AL M 2803 2 LM 5 B Fe 1 O JTTRAD, EVEGUR B BIER A 547 N FC TR, W)
Fe JCE {750 150 5 W) 00058, 145 SRR R 22 LU I A BEAE Fe, O, ADRIBURLR T
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1.2X100 Fe;0, NPs
9.0x 105
Fe 2
Ols e-p
z
£ 60x10°|
E Fe;0,@PDA NPs
3.0X105 Cls
N s
0 " P i U R |
0 200 400 600 800 1000

Binding energy/eV

2 Fe,0, NPs Fll Fe,0,@ PDA NPs [J XPS %
Fig.2 XPS spectra of Fe;O, NPs and Fe;0,@ PDA NPs

N T BB KAREAT T HH F PRE FT 53 75, Fe, 0, @ PDA- NPs b 25 B JR A% (8T 14 % 58
B FIHAR s #E 58 3 ( VSM) XF Fe,0, NPs FllFe,0,@ PDA NPs # % Yk #E4T T % 22, f 5 Fe,0, NPs FlI
Fe,0,@ PDA NPs[{ R M2 ani&l 3 Jros , IR R 4 KR 35 RN i ARSI 230 T 0, 3R
IR E P 5 RAB MY Fe,0, NPs ML, 2055 2 B HAB i (1 Fe,0,@ PDA NPt AR 3 13 B 08 55 , 350 /2
o TAERG M RS W25 2, {HFe,0,@ PDA NPsfi K FIRESR FEZH 37 emu-g ' (19, {53R 7T LA
T L J SR 4 B P T S U P R e A B 50 T LA e A o S 56 v

60 Fe;04 NPs

43 T L 0

Before and after magnetic separation

Fe;0,@PDA NPs

0

M/(emu-g™")

| 1 | ! | ! | ! 1]
-8000 -4000 0 4000 8000
Field/Oe

3 Fe,0, NPs fll Fe;0,@ PDA NPs [ [R5 R K Fe,0,@ PDA NPsffi P53 BIEURE
Fig.3 Magnetization curves of Fe;O, NPs and Fe;0,@ PDA NPs, photographs of Fe;0,@ PDA NPs

suspension before and after magnetic separation

2.2 VW pH {EXT PH™ K ERBCR AR

pH AT LSE 0 5 2 R4y i e 1 L B b VS FAE KIS h IAF IR S U S TR 2 B
[ A EAE T, ARSCI 4T pH fH X Fe,0,@ PDA NPsZ[FAFR Pb™ 20, thF pH>7.0 B, #7341 S
F-LA Pb(OH) JEAEAE I H W UCTE Hiok , M52 I Fe, 0,@ PDA NPsXTEYES (19 W i A9 115,
PRI, A SR W pH #ETRI7E pH 2.0—7.0 Ju Bl . Q& 4 s B pH (B RS  Fe,0,@ PDA NPsXf
Ph> L3 ARl W B 25 B 47 . A6 pH 2.0—4.0 JELH 4, Fe,0,@ PDA NPsX} Pb*" (1) 25 3R B pH 1)
Fhi iz T, H7E pH 5.0—7.0 BBk B i K. X FER 24 pH /NFRZE AT (pH 4.0)
B, SR 22 T ey I AT, IERSF A DA P> B0 7E , — 38 Z AR R HE R MR T, AN T Ph™ 5 W% BR300 26 1 A &
FENR B, 5025 bR BAIL. 2 pH 4.0—7.0 B, R E EU ey Sl far, JF B 5 P> Z [ AEAEff L 5] S FEE & 1)
SUEEAEHT, B BRACERE pH 3Gz @i in , 3+ BLAE pH 5.0—7.0 B, W BfF 25 Bk 0k 3l i K AH. b, 76
PR ORM SR T pH (EFEHIFE 5.5 247, T AT LAGK B @40 2Bk Ph™ A28 H 9.
2.3 WL FFFP-r s RIXF Ph>* 25 BRAE A 572

R R O T ) S [, 2 5 TR 4 R R O R R R 25 B P A I B Bl g 2 R EL S
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Jii7R ,7E 0.5 h AN, Fe,0,@ PDA NPsX} Ph> (1) L BRA PG N, 7 HLAE 0.5 h 1 h BF AW BRF 25 B2 5331
KRBT 95% F1 98% ; #E 1 h & 6 h )% ZXif [A) B 4% k) W B 2 B s8R B AR LR AN A0 ot 2% SR 3R 1
Fe,0,@ PDA NPsXf Ph** Wl fff & — P mi B B2, 17 5 48 Bsf ), A SI2 06 0 R BT Bst 8] 52 4 1 .

100 |- //* 0o [ N x
2 ol P
5 80 _ . % i
5 60l g
g | 3 60
S w0} 5
5 F S 40
“ 0t Y, e
L / (=4 20 -
0 L
L 1 1 1 L 1 L 1 I 1 L 1 Il
1 B 3 4 5 6 7 0 1 1 L 1 L 1 L 1 I 1 L 1
0 1 2 3 4 5 6
pH t/h
B4 7 pH {EXS Ph> IR BRI 5 5 P xE Ph? B 25 BRACE Y R
Fig.4 Effect of solution pH on the removal Fig.5 Effect of adsorption time on the
efficiency of Pbh** removal efficiency of Pb**

2.4 Fe,0,@PDA NPs NN Ph™ KBRACHR 500

WNEL 6 7R , B 20 A IR 6 500 %) D TRV RS2 M) P ) W BF 2 R SR 2 W BRI B ik 31 1.5 - 1L
i, Fe,0,@ PDA NPsX} Ph> (WM KBRS e dd: , 2253 IKH] 98.8% , 1Ml 4k 252484 i 1 490 K iz ok 751) ) 4%
Iy, Ph> () LB FALIFAAR . K AT 2 5F W5 AR AE LB BRI, e 48 1.5 ¢- L'
Shy R A O R o 550 19 e AR
2.5 HAFEG BT B TR P R BRACR A

IR IR G 2%, 2P T A7 s AR R /K i P> (1 R BRA50%, T LAE 58 T K FE S
TR RH L4 T S | B B T A RN A T B R L BR A R Y R B KRR R S R B R 1N
T 58 S W R P AR A AR ) ) B 2 R 551 55 6 5 - =2 I 1 e e RN B ELAS VR, BT AR KCL 9
IR ERVREE 55T B Fom X Ph™ L PRAICR M sg . 18] 7 45 5 B, 24 KCl ¥ FE7E 0.03—1 mol - L'
TR, B R BEXT P> (W 23 BR A7 oA I g . s R, — el R T K ClP SR 2 %
Z (A1 55 B A A L, AvGst i R 56 700 % 4 Ja A 1) o e AR FH B B 5 ) LS B e s B AR P 5 o — il
FIREDR A, o S P B R R A W R AR A G AR Ak, 3G G A8 A AT ) T W BREFR XoF 4 T A ) W R
e 8 Fis, 2 m &AM PRIV T AINA Cd™ | Ca™ Mg™ Co™ S0,> \CI i}, Pb™ [l L B A A
A AH Cu™ BRI A RS T4 A 2SR R0OR X nT BES: Cu™ 1 P> 16 58 22 B )2 1 3 S W I 5 IR 1. B3k
SE R ILAE S B BH B 7 BT 88 F I AR 2 TR i I B 25 BR AR

100 | 5§ 3 100 byt " " .
80 - ‘/! . 80+
= <
E >
2ol i 2 60|
2 2
s} B o
2 a0k i o
g é 40
e T s T
&2 20 . 20
0 PR RN SR NN SN NN SRR NN SR RN R R 0 L | s | s | s |
0 0.5 1.0 1.5 2.0 25 3.0 0 0.3 0.6 0.9 1.2
Adsorbent dosage/(g-L™") Concentration of KCI/(mol-L™1)
6 BRI AT Ph? 5 B 25 R AR (5 7 BFUREEXT Ph MR 2 BRACR A S R
Fig.6 Effect of adsorbent dosage on the Fig.7 Effect of ionic strength on the

removal efficiency of Ph** removal efficiency of Pb**
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ol | 2.6 Fe,0,@PDA NPsXJ Pb™ [ bt 45 i 2k

‘M W Bl AT NEOIN b A S 4 Y3 G PO Rt i)

< 8ol | ' W B A 1 e Langmuir W ot 45 1 3 T ol B4R
2ol IR C/g.= 1/ (g, %K) +C/ g, K0T g o Al

éf / B W B 5 (mg - g™' ), €, R ST i S VR
] (mg-L™") ,q, B ERS T2 YU A (mg-g7')

2 L . / K, 9 - W [ 2 8. [V RE 4% Freundlich W% B 255 =X

. i / A H R R lgQ, =1gK+1/nxlgC, s qﬂiﬁﬁ

©oMgt o Cotsop I AR (mg - g™ ) 5 K O P IRR R, n 22
B8 AT P sk L SR Origin 85 Al Excel $K7F, R HET
Fig.8 Effect of interfering ions on the removal LTk LT Fe,0,@PDA NPsXf Pbh* )
efficiency of Ph** WA Y B3R 1 LA R U, Fe,0,@ PDA NPs X
Ph** W B A5 TR 2 B 5 5 Langmuir 75 F2 AR S 20

A5, RREPE AR BFRI Ph* A9 R IRBA8E (g, ) 29799 20.28 mg-g ™.

R 1 Fe,0,@PDA NPsXI Ph** AL iR R 1A 2%
Table 1 Fitting parameters of adsorption isotherm equations of Pb** 'on Fe,0,@ PDA NPs

Langmuir iR Langmuir equation Freundlich /7% Freundlich equation
¢,/ (mg-g™") K,/(L-mg™") R? 1/n K R?
20.28 0.9921 0.9926 0:3961 7.84 0.898

2.7 Fe,0,@PDA NPsHHTSEBR/KFE T Ph> ML R

It IR R L HE T Fe,0,@ PDA NPSIFF 2255 Ph* A8 fe 43 5 I 4514 (W RS- 765 5k ]
1 h.pH 5.5 MRHE 1.5 ¢- L") )5 ¥iFe,0,@ PDA NPsH T SLFR/KEE R Ph> AW BfF 25 B, 45 S n 5% 2
7R, B SRR R I R R 2 B 8 2 5 4l 7K S 36 245 SR — B, RS UL K A 1 25 B AR LR T DLk B
97.2% AFLIIT it W FFFF- i st TR A 4 X PR 2 - IR /K b 3 AT O B vk B 38 Ry AL B 55 AR T4 e
WEPEM BRI R I04S S T80 PRSI 45 2], 1.5 h P Fe,0,@ PDA NPs 1] DL AR 22 [ 35 55 7K K v 10
Pb™ | IR F IR B KRR S PR H 1.

£2 KRR PL> MM AR 5

Table 2 Investigation of the removal efficiency of Ph>* in real water samples

Pb>* Inbnifk B LA IK Simulated wastewater A 2k 7K Tap water

Spiked concentration of Ph%/(mg-L7!) 3.75 10.7 3.75 10.7
1 h ZEBE* Removal efficiency after™l h/% 52.2 57.7 99.8 99.4
1.5 h £PBR*% Removal efficiency after 1.5 h/% 98.2 97.2 99.7 99.3
4 h Z2[53R Removal efficiency after 4 h/% 97.2 98.1 99.7 99.0

3 %% ( Conclusion)

ARV S A T 58 22 T e A0 B FR M 9 K 41 B Fe, 0, @ PDA NP -4 T 52 B A RE B 25 1 £16 W%
FRAE T IS 4, 2 0 R W RS IEE] 1 h pH 5.5 AR 1.5 g- L7 B TR T4 R B
BT B TS 0 W 2 BRAOR. B, # Fe,0,@ PDA NPs T A kK B K 4 e 1
B 25 a5 R A I 22 R BCRAE 1.5 h AT LIGA R 97.2% L) I, i B Fe,0,@ PDA NPsHJ D) JEA
EBRIFEIKAE T Pb* . FF H., Fe,0,@ PDA NPsX T ES F 1M AT A Langmuir 77 2. 12 8% 1 W B 750 B 2
A — SRR R EFS, 8] if BAT ] 5 AR 7 5 e i F el A B ialn S5 L, S AR g 1 4
KA AL AL FR BT A REH S — o 1 S 50 SR ms | ELA TR 118 g FH i 5.
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