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Fig. 1 SEM image of MIPs
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& 2 MIPs 5 NIPs ol JES

Fig. 2 Micro morphologies of MIPs ((a), (b)) and NIPs ((c), (d))

Fz 1 MIPs LLRTAR . BALARTR L2

Table 1 Surface, pore volume and pore size of MIPs

Surface area/ Pore volume/ Pore
MIPs - MIPs _ MIPs )
(m>g " (cm>g ") size/A
. . Single point adsorption )
Single point surface Adsorption average
165.55 otal pore volume 0.5138 ) 120.68
(at p/pe=0.3044) pore width (4 V/A by BET)
(D<1705.89 A, p/py=0.9886)
BET surface area 170.32
t-plot micropore area 5.89 t-plot micropore volume 0.0028
BJH Adsorption cumulative BJH Adsorption cumulative BJH adsorption average
147.55 0.4997 ) 135.47
(D=17-3000 A) (D=17-3000 A) pore diameter(4V/A)
BJH desorption cumulative BJH desorption cumulative BJH desorption average
154.10 0.4960 ) 128.74
(D=17-3000 A) (D=17-3000 A) pore diameter(4V/A)
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C—O—C 0 T A 45 45 51y WS g e T o ok e 45 0 )y W g
I KI5 1 EGDMA FRIEASEK)); 76 1600 cm™' AT 1500
em " PR AR 2 IR IR (VA 455 i s IR e, 0 W £ B
MR RN 8-FRIL I O I AL YR . W
MIPs 5 NIPs £L4M GRS XL T AR I, N—H [{#
PRI T NIPs (1) 3456 cm ' #3015 MIPs
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Fig. 3 BIJH desorption pore distribution
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Fig. 4 IR spectra of NIPs. MIPs . NIPs+Ge'" and
MIPs+Ge**

3467 em ' ALE, C—N [gEIRshE I B NIPs 1)
1462 cm ' #5) 5| MIPs [£) 1464 cm v ‘& . MIPs 5 NIPs
FEWR B 5 () MIPs+Ge*" NIPs+Ge* B4+ N—H.,
C—N Zh 45 Y 5 W00 48 NIPs IR K AE I B8R . J)
WOR A R AR A, Y% S ST IR R,

MIPs+Ge*" . NIPs+Ge* (1] N—H &5 3 5l 04 5331
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ST
g R R A YRR E e bR, BEIUR
FI AR S BT AR BRI RIS G4 MIPs FAEED 7E
REY) NIPs (WA E PEREATHRE T (Frifil 41K MIPs
L5 NIPs [F]I7E 80 ‘CELZF T4 24 h), Hrgh a5

Bi7R .
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Fig. 5 TG analysis profiles of MIPs and NIPs

IS IR S BT T 1, A ) EDIZE SR ) MIPs
15 25~250 CIRZEARTC IR (L 2%), VRS
O, LR RR SRR A .
11 250~450 “C 2], REVIPHE K EREDUL, X2
REVIWEIRITE. £ 450~800 C 2 (0], HAYILC
AN TRRK, AR SECN 4.66%, G
YIFRRUR AN 95.34%., XU LRI, BE
MIPs [FEL 4GRS N 354.28 °C, JUEMIKREN
12.01%, % 450 Cfior e, FEiikFEN
95.34%.

JEENIEER A4 NIPs (R #0E fth 2 R W, JL i 2k
BONWIR, fE 25~100 Cyu B AT BOWH B FE R,
R KL 8.5%, nIAEE NIPs MiASae T, 7k
A /D B KB 7E 100~250 ‘CYEF P, NIPs [
JREHIL 12%, 7F 250~450 CIaHE N, JEEPER S
Y1 NIPs PO K ik, 1K 25 G g i
. M 450~800 C[f], BAEVCEARNHIERM K,
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2 MIPs 5 NIPs %P4
Table 2 Adsorption capacity of MIPs and NIPs for Ge ion

Material Ge content of Ge content of Adsorption rate Desorption rate Adsorbance/
supernatant/(mg-L™") eluent/(mg- L") of Ge/% of Ge/% (mgg ™)
MIPs 15.80 186.80 96.84 96.50 387.36
NIPs 375.37 7.78 24.93 97.41 99.70

RV R 7.19%,
92.81%.

it MIPs 55 NIPs A SR Afrxf b, wl%n, ERESR
HY) MIPs FI#ESEMEDL T IR BN R &9 NIPs, {H
MIPs [f1#EE 8 PN 75 I Ak 1T 2 2404

RAW KRN

2.4 ENEEERE 4 MIPs % 4% B IR B4 4> 47

W 1.5 WIWTIT I, W EE R AY MIPs
LRI G NIPs 5 5wy v rh B4 W PR e 43
Mrei sk 2 prol. airai R, %R EY)
MIPs X5 B8 T HAT R (B Al rEfe, X8 IR
M2Eh 96.84% RN 96.50%, W B 7% 1
387.36mg/g. MMAEENAEERAH NIPs X 54 1 W B 14 4
75, YLH] NIPs X EE oI R IERETE, X nT ety FAFL T
DB G, IR E D RS Get
BRI A K

1) MIPs [{4A il )5l 354.28 °C, MIPs 44
TR AP IR R . IR C—N 2 el gy
TEM e, R R I B T I 7 A A P e D PR e 4
SRFIEIE, W MIPs ZEPEIL RS 8-HQ Ml Ge*'
Y N

2) MIPs TSI 30 A BB T , RiAs o A A 34
A, SFEIRIARN 50 nm, FAT RS ISR

3) MIPs [P FLLLR TR AN 170.32 m*g, 1%
TR 0.5138 em’/g, 2 E R K/NMLE £
B, KZHALENT 500 A, NJEAFLIEH

3) MIPs %} 0.5 mg/mL Ge*'-8-HQ Ft &) S A1 i
(1R B AR SEE B 2 ], B I B R g 96.84% iR
4 96.50%, W7 E A 387.36 mg/g.
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Hybrid preparation and characterization of microspheric
germanium ion imprinted polymer adsorption material

CAO Hong-yang"2, JIN Ming-ya" %, ZHANG Kui-fang" % ZHU Wei" 2,
TAO Jin-zhang"?, GAO Yuan"? LIU Zhi-qiang':

(1. Guangdong Research Institute of Rare Metals, Guangzhou 510650, China;
2. Guangdong Province Key Laboratory of Rare Earth Development and Application, Guangzhou 510650, China)

Abstract: Microspheric germanium ion imprinted polymer adsorption material was prepared by hybrid method,
employing the complex of germanium tetrachloride and 8-Hydroxyquinoline as template, acrylamide as functional
monomer, ethylene glycol dimethacrylate as cross-linker, azodiisobutyronitrile as initiator, hydrochloric acid as
adjusting agent and chloroform as solvent, and characterized by IR, SEM, ASAP and TGA. The stretching vibration
absorption peaks as amino, carboxyl, C—N without miscellaneous aromatic ring were detected in IR spectra, and the
structure of nanoscale microspheres and similar cavity shows that the germanium tetrachloride and 8-Hydroxyquinoline
are completely cleared in SEM spectra. The thermal stability of MIPs is better than that of NIPs, and the initial
decomposition temperature of MIPs is 354.28 ‘C. Adsorption and desorption experiment results show that the adsorption
rate and desorption rate of MIPs for Germanium are 96.84% and 96.50%, respectively, and the adsorption capacity of
MIPs for Ge is 387.36 mg/g.

Key words: germanium; imprinted polymer; microsphere; adsorption; characterization
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