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Preparation and properties of double template molecularly imprinted
polymers with phthalate isomers
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Abstract: To efficiently remove phthalates (PAEs) from liquid, di(2-ethyl)hexyl phthalate ( DEHP) was used as
template molecule, di-n-octyl phthalate (DNOP) as auxiliary template molecule, silicon dioxide modified magnetic
nano-ferric tetroxide (Fe;0,@ Si0,) as carrier, alpha-methacrylic acid (MAA) as functional monomer, ethylene
glycol dimethacrylate ( EGDMA ) as crosslinking agent, and azodiisobutyronitrile ( AIBN ) as lead in this
experiment. The bulk thermal initiation polymerization method was used to prepare double template molecularly
imprinted polymers ( D-MIPs) which had better adsorption performance than traditional single template molecularly
imprinted polymers and could adsorb both target substances simultaneously. The specific adsorption, selectivity,
and regeneration of D-MIPs were studied in detail. Results show that the introduction of the DNOP auxiliary
template molecule could optimize the adsorption performance of DEHP. The unit adsorption capacity of D-MIPs for
10 DEHPs with different concentrations ranged from 0.49 mg/g to 6. 16 mg/g, and the unit adsorption capacity and
adsorption rate of D-MIPs were both superior to those of DEHP-MIPs. There were multi-site synergies between the
two template molecules and the selected monomer, and D-MIPs could reach the optimal adsorption equilibrium state
in 30 min. The adsorption capacity at the fifth time was 84.02% more than that at the first time, and it had good
regeneration performance. Static adsorption process fitting indicates that the polymer system was more consistent
with the single layer specific adsorption Langmuir adsorption model. The adsorption of D-MIPs and DEHP-MIPs on
the target molecules was in accordance with the pseudo-second-order kinetics process. FT-IR infrared spectroscopy
on the imprinted polymer characterization of the functional groups confirmed that the polymerization effect was good.
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Fig.1  Static adsorption curves of D-MIPs, DEHP-MIPs, and
NIPs for DEHP
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Fig.4 Langmuir fitting curves of D-MIPs, DEHP-MIPs, and
NIPs for DEHP adsorption
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Fig.5 Freundilich fitting curves of D-MIPs, DEHP-MIPs, and
NIPs for DEHP adsorption
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Tab.1 Adsorption parameters of Langmuir fitting curves

Bamam T O Ky R
D-MIPs  y=0.009 7x+0.0839 11.91 0.116  0.997 0
DEHP-MIPs y=0.011 8x+0.1495 6.69 0.079 0.980 1
NIPs  y=0.033 1x+0.5532 1.81 0.059 0.9958
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Tab.2  Adsorption parameters of Freundilich fitting curves

R WaTTR n Ky R?
D-MIPs  y=0.6779x+3.1502 1.47 23.341 0.9456
DEHP-MIPs y=0.683 8x+2.8903 1.46 17.998 0.949 3
NIPs  y=0.6199x+1.5235 1.61  4.588 0.9570

2.2 D-MIPs Rt Eh 54

XoF 2y 28508 B S 35 1) 22 20 500 3 2o BT 481 5 B R
BT A, I X H AT Oy 25 A /Y Ak B 3 A, D-
MIPs .DEHP-MIPs \NIPs 3 FhZR-G%) () W% B} 5 1 2 il
LANE 6 IR,



- 50 - Mok O T Ak K% % iR %552 4%
: FRITZ A 5 17 NIPs Xt DEHP fi%1 B 32 B2k S 22 1h 9
° HOR I B
4 =
) 5+
™ 3 —=— D-MIPs . x &
&n —— DEHP-MIPs T
S/ sl —4&— NIPs 4t o . 4
o 1
1r %o 31 o DEHP MIPs
&0 A NIPs
g — D-MIPs £ —Z&3) /32 #40 65 2k
U = 5l — DEHP-MIPs {523 /140 4 1 2
. . . . . . . (@7 — NIPs th— &30 J1 20 A it 4k
0 20 40 60 80 100 120 N K 4
t/min 1L = 4
& 6 D-MIPs,DEHP-MIPs #1 NIPs 3 DEHP I fff h
. . 0
Nk . : : : :

Fig. 6 Adsorption kinetics curves of D-MIPs, DEHP-MIPs,
and NIPs for DEHP
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Fig. 7 Pseudo-first-order kinetics fitting curves of D-MIPs,
DEHP-MIPs, and NIPs for DEHP adsorption
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Fig. 8 Pseudo-second-order kinetics fitting curves of D-MIPs,
DEHP-MIPs, and NIPs for DEHP adsorption
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Tab. 3 Adsorption parameters of pseudo-first-order kinetics
fitting curves
Rewamr WE T K R
D-MIPs  y=4.71[1 -exp( -0.12506x) ] 0.1251 0.9915

DEHP-MIPs y=3.81[1 -exp( -0.127 89x)] 0.1279 0.990 1

NIPs y=1.24[1-exp( -0.237 83x)] 0.2378 0.9713

x4 BRI NFUE RIS E
Tab.4  Adsorption parameters of pseudo-second-order kinetics

fitting curves

Rammk I’ K R
D-MIPs y=1.107 65 +0.2123  0.0407  0.996 0

DEHP-MIPs ~ y=1.5450x+0.2123  0.0453  0.9910
NIPs y=2.0633x+0.2123  0.3152  0.9549
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Fig.9 Adsorption capacity chart of D-MIPs and NIPs for 5 PAEs
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