43 ( FENXI HUAXUE) 3
2015 3 Chinese Journal of Analytical Chemistry 379 ~386

DOL: 10.11895/j. issn. 0253-3820. 140888

2 4-
( 750021)
( CMCPS) 2 2-
( SI-ATRP) CMCPS
( PAM-CMCPS) .
2 4- . . 2 4-
8 mmol /L
111.0 mg/g Langmuir  Freundlich o AG<O0 AH
=268.2 kJ/mol AS>0 N o
PAM-CMCPS
2 4-
; ; X 2 4-
1
2 4- (2 4-D) NN N
1
2 2 4D . .
3
. 2 4D
t 2 4-
: 2 4D .
2 4D o, 2 4D
2 4D [
8
( ATRP)
° . ATRP 10
o ( SIATRP)
. o Senkal " SI-ATRP ( PS)
o Niu " SI-ATRP
( GMA) ( CMPS) Cu( )
Pb( 1) Cr(V) As(V) o Liu " 110- CuBr
SI-ATRP ( PAM-ATP) Hg(Il)
. 1 SI-ATRP CMCPS
20140721 ;201441012
( No.31271868) . ( No.2012BAK17B07) ( No. NZ12135)

*  E-mail: gongbolin@ 163. com



380 43
( IDA) Cu( 1) o SI-
ATRP o
SI-ATRP CMCPS (
) PAM-CMCPS 2 4D
2
2.1
TU-810 ( ) o JSM-7500F
( JEOL ) ; VarioEL III ( );
\LC20AT ( ) ; KQ-3200E (
) ; SHB-I ( ) ; BS224S (
) ; SHZ-C ( ) o
AB-8 (18 ~30 (550 ~880 wm) );
(AM) 2 27— ( Bpy) .2 4- (2 4D) 2 4- (2 4-DCP) .2 4-
(2 4DCAD) . (IM) .CuBr( ) o
1 Chg (150 mmx 4.6 mm 5 pm ) - (8:2
V/V pH 3.0); 1.0 mL/min; 30 C; 280 nm.
2.2 PAM-CMCPS
2.2.1 ( CMCPS) 14 CMCPS o
250 mL 15.40 ¢ AB-8 9.090 g 20.44 ¢ ZnCl,
80 mL 40 mL 80% H,S0O, 50 C HCI 12 h
60 °C 24 h o
2.2.2 SI-ATRP (PAM-CMCPS) 6.108 g CMCPS
0.2280 g CuBr 0.6790 g Bpy o 5.689 ¢ AM 50 mL
o N, 30 min N,
60 C 18 h ~0.1 mol /L. EDTA
H_H,
1 o 60 C 24 h. O—C=CHZ chﬂlo-f@c—m
© + OO, T
2.3 cHel
0.1 g PAM-CMCPS O OMCH-—CHA
2 4D DAl 0 CUBT/BPYV‘ N
24 h © + /_{NHZ 18h .
15 . C CH;-CH+Cl
(1 : an, L }(‘; f;{?
o=t )Y o
0 (mmol/g) C, c. Fig.1  Synthesis routes of polyacrylamide-chloromethyl polysty—
rene ( PAM-CMCPS) chelating resin
2 4D
( mmol/L) V (mL) m  PAM-CMCPS (g o
2.4 PAM-CMCPS
100 g 24D 2 min; Sg 50 mL
20 mL 1.0 mol/L NaOH pH 10 5 min 5000 r/min 10 min;
H3PO4 pH2.5 20 mL N N

15 mL

o



3 2 4- 381
3
3.1 PAM-CMCPS
PAM-CMCPS 1. 1 AM C.H.N °
(2) '° ( GR) 27.99 pmol /m*, AM .
CR - N, x 10° (2)
28 x(1-C(%) -H(%) -N(%))S
N,  CMCPS N C% H% N% CMCPS
AM C.H N 1
S Table 1  Data of elemental analysis
: c H N o
CMCPS (492 3m /g) o Sample (% wi) (% wh) (% w/) Acryh(c a;ln;ilfmg;r)aft rate
14 W
PCMCPS beads 83.51 5.705 1.013 27,99
° PAM-CMCPS 84.90 5.975 3.272 ’
3.2 PAM-CMCPS
PAM-CMCPS 2 4D ° 2
2 4D
° PAM-CMCPS 2 4D,
3 PAM-CMCPS . 671 1523 1750 3445 cm™
C-Cl. C=C . C=0 —NH, 7
_100f .
X
3 80
5 a
2 o0f
g WOF / “ I
y l [
£l ?
" 1 1 1
4000 3000 2000 1000
2 PAM-CMCPS 24D (a). (b Wavenumbers (cm-)
Fig. 2 Scanning electron micrographs of PAM-CMCPS 3 PAM-CMCPS

resin before (a) and after ( b) adsorbed 2 4-dichlorophe—
noxyacetic acid (2 4-D)

3.3

3.3.1 24D

CMCPS 10 mL 2 4D

o 4 2 4D

2 4D o
111.0 mg/g

3.3.2 2 4D

DCAD) (™M)

Fig.3 FTIR spectra of CMCPS and PAM-CMCPS resin
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Fig. 4  Effect of original concentrations of 2 4-D on M
adsorption capacities Fig.5 Adsorption capacities of 2 4-D 2; 4-DCP; 2 4-

DCAD and IM on PAM-CMCPS
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2 4D 6 h 2 e} —
29
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< 20F f
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6 h, 6 2 4D
3.4.2 Fig. 6 Effect of time on adsorption capacities of 2. 4-D
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1/Q, = (k,Q2) " +1/0, (4)
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0, o PAM-CMCPS
24D ° ( Qe cal)
(0, exp) o Lagergren
22
2
Table 2 Pseudo-first order reaction kinetic parameter of adsorption
24D kl i
Initial CO?(;EIIE;?}IS] of2 4D Pseudo-first-order kinetic parameters  ( min™") R Q. c( mg/g) Q. p.\,.( mg/g)
2 In(1-0,/0.) = -0.0107:+0. 8343 0.0107 _ 0.7979 20.34 30.85
4 In( 1-Q,/Q.) =-0.0059:+0. 0244 0.0059 0.9648 54.82 49.87
8 In(1-Q,/Q,) =-0.0106:+0. 675 0.0106 0.675 97.39 111.0
3
Table 3 Pseudo-second order reaction kinetic parameter of adsorption
2 4D k
Initial concentration of 2 4-D Pseudo-second-order 22 R? Qe cal Qe exp
( mmol /L) kinetic parameters (gmg™ min™) (mg/g) (mg/g)
2 t/Q,=0.039t+4. 9725 0. 00023 0.9993 29.51 30. 85
4 t/Q,=0.0198:+3. 4293 0. 00011 0. 9994 50. 46 49. 87
8 t/Q,=0.0092¢+1.2004 0.00007 0.9997 108.0 111.0
3.5
3.5.1 0.1 g PAM-CMCPS
10 mL 8 mmol /1.2 4-D 0 15 25 35 45<%C 6 h
2 4D 7 140
. 120 N
> i =
3.5.2 g 100
: 22 o :
c £E wf
. ‘ 2 4of
Q. 15 C PAM-CM- - ’—'—‘
CPS 15 °C .8 0. L L L L
C 15 C -10 0 10 20 30 40 50
¢ Temperature ('C)
111 mg/g PAM-CMCPS 2 4D
23 7
. Langmuir Freundlich Fig.7 Relationship between adsorption amount and tem—
perture
21 4
0.95 n>1o Langmuir  Freundlich 2 4D
PAM-CMCPS o
4
Table 4 Correlated parameters of Langmuir isotherm and Freundlich isotherm for the adsorption of 2 4-D
Langmuir adsorption Freundlich adsorption
Temperature N N
) Langmuir K.( L/mg) Qu(mg/g) R Freundlich K,(L/mg) Q,.(mg/g) R
equation . equation )
€.1Q.=0.0087C,+ InQ, =0.3733InC,
15 2.8032 0.00285 114.9 0.9876 +2.0566 7.815 2.978 0.9982
2.5.3 AG.AH AS o
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5 24D PAM-CMCPS AG<0 PAM-CMCPS 2 4D
o AH>0 o AH  2.1~20.9 kJ/mol
;AH  20.9 ~418.4 k] /mol %, 24D .
AS>0 - o
5 120
Table 5 Thermodynamic parameters of adsorption ™
Taverat AG AH AS £ gk
dfzelfs ure ( kJ/mol) (kJ/mol)  (J/(mol *K) ) g _
S 60F
273 -2.269 990.8 g g
288 -2.394 939.7 g Y
298 —2.478 268.2 908. 4 < 20+
308 -2.561 879.1 ok
318 -2.643 851.7 L 1 L L L 1
0 2 4 6 8 10
Equilibrium concentration
3.6 (mmol/L)
HPLC 8 24D 15<C
9a 2 4D Fig. 8 Equilibrium adsorption isotherm 2 4-D at 15 C
24D HPLC 9b
24D o 0.1 g PAM-CMCPS 2 4D
HPLC 24D ( 9¢). PAM-CMCPS
2 4D,
20 20
i a b c
i5 - I 15 i 15 i
1 o I 1 P i
o 10 = I E 10 b= I l\ AT é T '
S i 1.0 i 11 240 1.0 i
= i X I i £ i
= 05 F “ < 05k .lA i \ “o05F |
e il = AR Py ny A 4 AT
Y i 5l -~ [N & (AL 24-D
&D 00 = J“l I oan bk I T—— \—_-— o b fﬁn\'-—-——-—ﬁ—-—-—
2 PR R S — v.v = LAY I
R I 1 [ 1 05 L1 1 L1 1 05 L1 1 L1 1
02 4 6 & 10 2 4 6 g 10 12 2 4 6 & 10 12
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Fig.9  Chromatograms of PAM-CMCPS resin for adsorption of 2 4-D in orange samples
a: ( ) b: PAM-CMCPS 24D c¢: PAM-CMCPS 2 4D

a: Chromatograms of orange samples b: Chromatograms of before PAM-CMCPS resin adsorbed 2 4-D in orange samples c¢: Chromato—
grams of after PAM-CMCPS resin adsorbed 2 4-D in orange samples.

4
SI-ATRP CMCPS AM ( PAM-CMCPS)
24D N o I5°C 24D 8 mmol /L
111 mg/go 2 4D o 2 4-
Langmuir  Freundlich
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Preparation of Polyacrylamide Resin and Its Adsorption
Properties on 2 4-Dichlorophenoxyacetic Acid

MA Mei-Hua WANG XiaoZhong GONG Yan-Ru NIU Yuding WANG Yue
WANG Huidun LUO Rui-Ming GONG Bo-Lin"
( College of Chemistry and Chemical Engineering Ningxia University
Ningxia University Yinchuan 750021 China)

Abstract Polyacrylamide resin was synthesized via surface-initiated atom transfer radical polymerization ( SI-
ATRP) method. Acrylic amide ( AM) was grafted onto the surface of the chloromethyl polystyrene resin via
SI-ATRP in the CuBr/2 2’-bipyridine ( Bpy) system as catalyst at room temperature. The compositions of
polyacrylamide resin were determined by means of elementary analysis FT-HR analysis and scanning electron

microscopy ( SEM) . The adsorption properties the parameters of kinetics and the thermodynamics of the resin
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were evaluated in details respectively. As the results adsorption capacity of 2 4-dichlorophenoxyacetic acid
(2 4-D) increased with the initial concentrations of solution increasing at room temperature and its highest
adsorption capacity was 111. 0 mg/g with solution concentration of 8 mmol/L. Adsorption isotherm at room
temperature was determined and modeled with Langmuir and Freundlich equations. The thermodynamic
equilibrium functions were calculated to be AG<0 AH=268.2 kJ/mol AS>0 hence the adsorption was
spontaneous endothermic and entropy increasing. The kinetics fitted the pseudo-second-order well. The
polyacrylamide-chloromethyl polystyrene ( PAM-CMCPS) resin was used for the adsorption of 2 4-D in orange
sample and good results were obtained.

Keywords Chloromethyl polystyrene resin; Surface-initiated atom transfer radical, Adsorption property;

2 4-dichlorophenoxyacetic acid; Kinetics; Thermodynamics
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