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Preparation of Nanocomposite Hydrogel and Its Adsorption of Heavy Metal Ions

ZHU Qian, LI Zheng-kui®, ZHANG Yi-pin, HAN Hua-yang, WANG Hao

(State Key Laboratory of Pollution Control and Resource Reuse, School of the Environment, Nanjing University, Nanjing 210023,
China)

Abstract: An acylamino and hydroxyl functionalized hydrogel [ p ( HMAm/HEA )] was newly prepared by the “Co-y-induced
polymerization of N-hydroxymethyl acrylamide (HMAm) and 2-hydroxyethyl acrylate (HEA). Then the copolymer p( HMAm/HEA)
hydrogel was utilized for in situ nanosized hydrous manganese dioxide ( HMO) loading to prepare nanocomposite hydrogel HMO-p
(HMAm/HEA) for Pb** and Cu’* removal. The nanocomposite hydrogel was characterized by SEM, TEM and FTIR, showing that
p(HMAm/HEA) hydrogel was indeed a copolymer of HMAm and HEA monomers, and the loading of HMO nanoparticles onto
p(HMAm/HEA) was successful. Various influencing parameters on heavy metal ions removal by HMO-p (HMAm/HEA) , such as
initial pH, temperature, initial heavy metal concentration, contact time and competing Ca** and Na* , were estimated. The results
showed that the adsorption process was temperature-independent, pH-sensitive, Langmuir monolayer adsorption and followed a pseudo-
second-order rate equation. The presence of high concentrations of competing Ca’* and Na* had no significant effect on the adsorption
process. The XPS spectra analyses further indicated that Ph** and Cu’* were adsorbed via the ion exchange of —OH groups.
Moreover, HMO-p( HMAm/HEA) could be regenerated by 0. 05 mol+L ™" of HCI, and obtained excellent repeated use.

Key words : hydrous manganese dioxide; nanocomposite hydrogel; heavy metal ions; adsorption mechanism
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Fig. 1 SEM and TEM images of hydrogels
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Fig. 2 FTIR spectra of p(HMAm/HEA) and
HMO-p( HMAm/HEA )
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Table 1 ~ Comparison of adsorption capacity of p( HMAm/HEA) and
HMO-p( HMAm/HEA) for Ph>* and Cu®*

. p(HMAm/HEA) HMO-p( HMAm/HEA )
EERET %7 6B/ mmol - g ! % 5B/ mmol - g~
Pb%* 0.048 0.484
Cu?* 0. 040 0.570

2.4 pH AR BE XTI B e Y 52 MR

% R A A B T K g RTTIE VR, B
1Y pH B S5 E I 1.0 ~5.0. B 3 (a) IAN[E pH
54 F HMO-p (HMAm/HEA ) 7K % ¢ X Pb>* Fil
Cu’* A B DN rfml i K B e Xt 2 b o 4
B 1AW B S 2 B 5 VAR R R pHL (R A 3 i 14
HEBT VM. B, 99K 8 A KE R X P>
Cu’ " W it e Ad: pH {EH4J2 5. 0, X — pH {H 5 325K
ST 9 B 4 TR VAR P 46 pH (EAH 2T, O T
el S IR B LR 3, 6 3 TR IR B S o v, BT
il FH A0 B 4 VA VR Y pHL B AS 0B A5 987, BRIV S i 1
PR 4 B VA W R0 4 pHL (AL

R EREATRE R . — 7T, BEE pH (B A3
I, 1 RN EE 4 D) X R AR 3 T ) 2 A7 s )
SeRE ST B — i, kKA AL
(HMO) W B 5 4 )8 & F M>° (M* R 3% Pb** 5k
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Fig. 3 Effects of initial pH values and temperature on the

adsorption capacities of HMO-p( HMAm/HEA )
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TR0

HMO-p( HMAm/HEA ) 7K EEEXT A 6] e & Ph *
HCa® (WG RS R AN 4 Bros. AR RT g, BE &
YA BE AN IS, R 6 o P TR A T AR
Bk BP0 ol 4 A I B R SV Uk R R AT
Langmuir #11 Freundlich SRR A

Langmuir 25 W Fff 7 72 .

c, 1 1

“ T KO

Q e Q max

(4)

Freundlich S5 W% [ 77 72 .

10, = —lee, + IgK, (5)
e, . Q. 43 e T 4 VA R 1Y) S i vk B RO A
W it B A SEBGAEL s Q.. Ky, W Langmuir 75 72 5 %% ;
n., K. A Freundlich Jy B2 %%, ik RE39 0] i i
HERA N AL R 2.

M 2 AT, Langmuir 7 BE4ELG A3 208 Ph> T
Cu®* Fe KW BfF 2 43 531 >~ 0. 972 mmol - g =" Fl1 0. 859
mmol - g ™", H EL £k ARG RELHFJ7 KT 0.995,
TR T H Freundlich 77 #2305 B9 A &P R 5L, 2
HMO-p( HMAm/HEA) X} Pb** Fl Cu®* (%) W B 55 7R
AR A Langmuir J5 82, W FEd 72 4 51501 2 K
I}HLZSJ )

R T UL A ZE H HMO-p( HMAm/HEA) (14
SEE RS P, ¥ HMO-p( HMAm/HEA ) %} Ph**
Il Cu* AW R AR 5 — S O A 1 B Ak 2 &
W B 550 A5 5% L. 8 A X6 B AT HMO-p ( HMAm/
HEA) X} Pb** Fl Cu®* WL i 25 A0 Tt b 5
TG A AR U B 2 (P 2 0. 030 mmol g,
Cu®*; 0.040 mmol-g ") s T4 AL 5 KR
W5 A b RL I WG B (PP 0.014 mmol-g ',
Cu’": 0.007 mmol-g~" )" W i, HMO-p ( HMAm/
HEA) 7E&BR/KH Pb?>* A1 Co®* 5 T EA — % N
FHHT 5L

0.8 |
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02+
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Fig. 4 Adsorption isotherms of Pb*>* and Cu®*
on HMO-p( HMAm/HEA)
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%2 HMO-p(HMAm/HEA) %t Pb?* 1 Cu®* BRI E X BAER
Table 2 Fitting results of adsorption isotherms of Ph2* and Cu®* on HMO-p( HMAm/HEA)

Langmuir i)

Freundlich #%7Y

AT 0o K, K :
/mmol -g ™! /L-mmol ~! " /mmol! ="+ L+ g1 R

Ph2+ 0.972 54.734 0. 999 4.98 0. 769 0.729

Cu?* 0. 859 48. 832 0.999 5. 66 0. 696 0. 881

HEA) AKBEBERY Pb™* B Cu? OO RS
J5 (2 ~10 h) BHTHAG , Fe A0 10 h 1K 30 -1 4.
X1 2 BT OV 5y 328 R 28 2
FAERIE SRS eI
RSN

(0, - 0) = 160, ~ 5 (6)

é:=@k+ée .
Kb, Q.0 Q, 43 Sy W B SF 5 R ¢ ERE Y W B
(mmol-g™") 5 ¢ ML HHAFIE] (h) 5 K, | K, 43531
— S E R B EOR R AR ILE 3.
F R[4, HMO-p( HMAm/HEA ) X} Pb>* Fl Cu®* (1
— R B 1 AR A O R BT /N T O R
Bl 2R 3 H i E g B ) 2 AR R B T
W E Q. SEREQ, B NIEIE. NI, HMO-

0.8

0.7 +

W B fit/mmol-g ™!

0.6

0.5 +

0.4 1 I 1 I 1 |
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E5 HMO-p(HMAm/HEA) Xf Pb>* 1 Cu®* i
W Bt 3h 1 2 i 2%
Fig. 5 Adsorption kinetics of Pb?* and Cu®*
on HMO-p( HMAm/HEA )

%3 HMO-p(HMAm/HEA) 3% Pb** #1 Cu®* BYIR B 3h ) A B & 25 R
Table 3 Fitting results of adsorption kinetics of Ph** and Cu®?* on HMO-p( HMAm/HEA)

BN 157

W s it

Q...

A ' Do o K ,
L R 0.. - : 0.. -
/mmol - g ! /g+(mmol+h) ~! /mmol - g ™!
Ph2* 0. 969 0.356 0.175 0. 881 3.999 0.985 0.999
Cu®* 0. 859 0.379 0.317 0. 905 2.365 0. 863 0.999
p(HMAm/HEA) X Pb** Hl Cu®* MR BHAT S 45 4 1 K = 2 (8)
d =

TR BN YA R R S A R B T o
2.7 BN BB FIEgHER

Na* 3¢ Ca®* X M>* W BfF ISR 19 5% i an 1] 6 i
. AT B S 4 B F Na ™ 38 Ca® " A L A5
{7+ , HMO-p( HMAm/HEA ) X} Pb** Hl Cu®* (9%
B2 T R R B E kTP, SEae T, Na® £
FEXT P> 1 Cu®* W i i R A I K430l K 14. 42%
A1 14.31% 5 Ca** BIAFAEXT Ph>* FT Cu® * IR iR FAAIG
KR 19. 64% F1 18. 54% , 26 W35 4V Na* 5§
Ca® " VRN 150 £, Fr5 A2 Ph>* F1 Cu®* W FffE
TR T 20% .

Shy TG T AR R A AR ) B 4 S B A R
PR AT BE RE(K, ) 8 FH ok B2 H 45 b i e+ Ak
X4 R B ORI RE . K, Bt E AR IR,

C

K Ky AR RE Lg™' 5 Q. e, 350 F 4
A A9 % B 25 B (mmol-g ™' ) 1 EE 4 B W UK JE
(mmol-L~"). [FIH}, p(HMAm/HEA) &4 It 2 %
K, EW A R F . p (HMAm/HEA) Al
HMO-p( HMAm/HEA) 143t 228500 A 45 R L% 4
MRS, Wl s B F Na® 3k Ca®* A FEI
£, HMO-p( HMAm/HEA) %f Pb>* #l Cu®* 53
FLARK T p (HMAm/HEA) | 2 W] 24 56 4 85 7
Na* 8{ Ca** fF7ERT, HMO-p (HMAm/HEA) %f Pb>*
M Cu®t Wk B YE & T p (HMAm/HEA ), HMO-
p(HMAm/HEA) MBS &1 M & 1) TP he 71
A, O T A 9K KA AR T X 4
I T 1 3 5 e R B 3 e R ) PN 2 W
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Fig. 6 Effect of competing Na* and Ca®>* on the adsorption
capacities of HMO-p( HMAm/HEA )

=

AT
2.8 HMO-p(HMAm/HEA) XF Pbh** FlI Cu®* 412 Fff
PLHIIFE

g iE—3E T f# HMO-p( HMAm/HEA ) 7K SRRt
Ph>* 1 Cu® " W BRAIL R , 23590 % 40 K 52 G 7K B e W f
P>l Cu®* A JE HEAT T HL T RETE 0 M (XPS) , 3 H
XPSPeak V4.1 %45 2| i35 B FE 17 3 i A 2. W2 fh
HIE/KEERE Y O JTE 1 43 #F XPS 25 R a8l 7 Jir
7. MR Al HMO-p (HMAm/HEA ) 7E 529.6 eV
F1531. 8 eV RLAFTE 2 AU Xy T 7K 38 e v i i
& 0 HH % 0 =C—0, —CO—NH FI—OH ">,
TR W% B B 4 J S )5, O-XPS & v o H BHHT Y
WEFE UERH O 75 Pb>* 8 Cu®* Z [ A7 7E 3
B, BURTEFEES . SR, 7K 50 e e o 4 s s
e, PR TE R L I/ 1 976 B B B, 3 ml fig 2
F—OH Al Pb** 8} Cu®* 2 [8] (8 128 e A F 5 3L
7 A T A e ad AR P, —OH 0 H B AR, AT
gl T O g E B L ) AR fb. £5 b BT iR, HMO-
p(HMAm/HEA ) 7K AT 55 43 Ja 25 1) W B HL 61
S—OH FIEE 4 & (B i 25 F3c e/ E A, X 5 pH S5
JIT Uk B B B - S H AL — B
2.9 4KE G /KEEE HMO-p( HMAm/HEA) i Bt
FAE S8

XFF IR RN B T E RS HA M
1) 8 B 1 B8 A1 | BE A5 7 24t AR 2. KIS

#*4 HMO-p(HMAm/HEA) #1 p(HMAm/HEA) ZEZRE#) Na* /M?** EE/R b TR B Pb?* #1 Cu?* IS EE R &L
Table 4 The K, values of Ph?* and Cu®* adsorbed by HMO-p( HMAm/HEA) and p( HMAm/HEA)

in the presence of competing Na* at different levels

AR Na* /M2 * BEJR LRI K B

GIRET LKA
TR R 5 15 30 60 100 150
PL2+ HMO-p( HMAm/HEA) 10. 78 9.52 5.63 3.37 3.29 3.26
p(HMAm/HEA) 0. 06 0.05 0.04 0.04 0.03 0.03
Cu?* HMO-p( HMAm/HEA ) 9.61 6.08 4. 16 3.14 3.13 3.08
u
p(HMAm/HEA) 0.05 0. 04 0.04 0.04 0.03 0.03
%5 HMO-p(HMAm/HEA) #1 p(HMAm/HEA ) ZERE#H) Ca>* /M>* EE/RtL TR Bt Pb>* 0 Cu®* B4y BE R4
Table 5 The K, values of Ph?* and Cu®* adsorbed by HMO-p( HMAm/HEA) and p( HMAm/HEA)
in the presence of competing Ca® * at different levels
‘ KA Ca2* /M2 * BEJRLLT B9 K,y
ERMET M . = ’
5 10 25 50 80 100 150
Pp2+ HMO-p( HMAm/HEA ) 7. 00 5.51 4. 68 3.22 3.02 2.89 2.82
p(HMAm/HEA) 0. 04 0.04 0.03 0.03 0.02 0.02 0.02
Cu* HMO-p( HMAm/HEA) 5.47 5.08 4.16 3.14 2.89 2.63 2.45
u
p(HMAm/HEA) 0.04 0.03 0.03 0.03 0.02 0.02 0.02

HMO-p( HMAm/HEA) £ 15t £ Yk W BFF-Ji5t B A1 38 22
JEXE Ph* T H Cu® 0 W B A%CSR. DA rf ] A, HMO-

p(HMAm/HEA ) 5455 J B - 10 W FfT 2k i 25 TR o -
BGRB8 22 T s A T B EJR 220 4 R
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Fig. 7 High-resolution XPS spectra of Ols of HMO-p( HMAm/HEA)

before and after heavy metal adsorption
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Fig. 8 Repeated adsorption of Pb?* and Cu’*
ions by HMO-p( HMAm/HEA) hydrogel
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