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Abstract: Mesoporous silica SBA-15 was synthesized using Saccharomyces Cerevisiae as the biological macroporous
templet, and using P123 as the mesoporous phase templet. The novel functional adsorbent G-PA-SBA-15 was prepared
using Fe;0, as the iron source, and using PTS and APS as the organic modification group by the functional modification
of mesoporous silica SBA-15 after grafting. SEM, XRD and BET were used to characterize the structures of
G-PA-SBA-15 and SBA-15, and the effects of pH value, adsorption time, initial concentration of uranium ions and

temperature on the adsorption of G-PA-SBA-15 and SBA-15 on uranium were investigated. The results show that the
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optimal uranium adsorption conditions are as follows: the pH of the solution is 6.0; the adsorption time is 1.0 h; the initial

concentration of uranium ions is 20 mg/L and the adsorption temperature is 25 °C. The adsorption kinetic models and the

adsorption isotherm models of G-PA-SBA-15 on uranium were studied. The kinetic models of G-PA-SBA-15 can be

described by the pseudo-second-order model well, its correlation coefficient are all above 0.99 (R*>0.99), and isotherm

models are fitted to BET adsorption models, indicating that the adsorption process is a multilayer adsorption process.

Key words: mesoporous silica SBA-15; functional modification; uranium; adsorption kinetics; adsorption isotherm
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Table 1 Surface area (Sggr) and specific pore size (B) of

adsorbents
Adsorbent Sper/(m>g ") B/(cm*g ™)
G-PA-SBA-15 599.85 0.63251
SBA-15 625.57 0.09243
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Fig. 4 Effect of pH on uranium adsorption efficiency by
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M 6 i, BRI AT G-PA-SBA-15
F1 SBA-15 W B4l i) S 07 MR B S A AR KM >4l i)
WG E 5 mg/L #2520 mg/L I}, G-PA-SBA-15
W, I Al (1) PR R B B AN 93.20 mg/g BN # 265.11
mg/g. {HJE, RIIIMILGIKR T 20 mg/L i, 4k4k
PR B, WBH ) G-PA-SBA-15 WS FRHtr ity 5407 W b
L TFEA I X2 BT P Al IR B AE 5~20
mg/L I, G-PA-SBA-15 KM FAIERERIRE, Xt
v a1 I 1 IS (SO N 1 o O
G-PA-SBA-15 IR LRFFAAE, 3 i h Bl ik vk B
BN, WA G-PA-SBA-15 R IHIBUAR AL Z
F) 7 AR TR AR B 22, Al 5 1 1) R B 77 G-PA-
SBA-15 K3, HAWIERELWI IR, AR T
W B 771 G-PA-SBA-15 X8I 25 1 (1R B, AT 388 ikt
Bt 711 G-PA-SBA-15 X BIITFIM P o >3 Pl 1k
I 20 mg/L I, T G-PA-SBA-15 3 [ 4 [4]
FEAR CR AL IR ES, AUk, G-PA-SBA-15 KIHIff
AL W B AN 2 Bt Ak 0 T i L

2.5 IR X Y IR B B 2 A

h T HIEGUAS B il 5 0 W Bt ) G-PA-SBA-15 Al
SBA-15 WS Bl ¥ 52 i, A SIZ56 2% 581 AN IR BE 0 BT
W B S PRy e (L T 7)o

B 7 Rl E Y, AE 15~25 CHLERLIE I,
B E AL, W5 G-PA-SBA-15 Al SBA-15 X



3242

PR R AR

2015411 H

195

180} /

1651

150

135F

g/(mg-g™)

120y ="—SBA-15

*—G-PA-SBA-15
1051

90

15 30 45 60 75

Temperature/‘C
7 RS RT A RO VRC PR SR (K S
Fig. 7 Eftect of temperature on uranium adsorption efficiency

by G-PA-SBA-15 and SBA-15

(18] B A7 W o 2 47 it A a8 ) T v A o R 2l
I 25 CJa, WA B 77 G-PA-SBA-15 W
BRI SE AN, PR IR B LT IR RS . DL, 7
15~25 °C i J5 74 Ak s TR wo s s 7] 5o a1 B3 WO o o
B S () T i TR K, U0 A 2 PR ] e A TR A
SN FLHp, 15~25 “C DX [] Pl T S A7 W B 154 i i
FER T 25~95 °C X [] FR1 BT 507 PR P 38 I i, 3
A HE A HH T ek S8 T s e S0 B R ) il 110 A R A FH B
W, SEGREEBE 25 Ca, R ARk B
G-PA-SBA-15 F1 SBA-15 WMl R s A K

2.6 G-PA-SBA-15 3F4HRYIR M zh 15
A5G R E Bl VR B O 20 mg/L . W B A
G-PA-SBA-15 [Nk 5.0 mg AW pH {H4 6.0
4AT T, 53 R FHE— RN UE — S N 5y ) 2 R
X B 571 G-PA-SBA-15 7 15,25 Fl1 35 ‘CE:E & MK
BE AR A A BT IAE T (AR 2)e g, exp A BRI E
() B KA B s g1 can BT g, car 23 A AU W B
M 2 LA, 6 15, 25 F135 °C, HE—2%

T2 G-PA-SBA-15 XI5 J1 22 550

RV ) R S TS B A S R B RP 42 A
0.9612. 0.9688 A1 0.9694, iy H#E 2 N 5y 1 24455
TS 2 AR DS R 5L R 43510 0.9913. 0.9935 FI
0.9949. 25 SR WL R N Bl ) R )
B4 75 G-PA-SBA-15 W fH AL L 40L 5, 25 SR W] S i T
HE— RN B Sy AR ok, R N )2
L BT SR A SR PR B o 5 S B0 B B W . AKX
W] WL G-PA-SBA-15 WP Alel B n) LK vE —
PN Sy FRERATHEIR . R, AR AE Y,
B ) ARG ST LB, AT 4D G-PA-SBA-15 7ML
B A, TR O R B T 2 g R S AN ] LA
R, X AR R A R RO X I
G0 B R AW 7). G-PA-SBA-15 F I otk 4T
BUE B A 5 Bl B 7 A T A 22 R B S v

2.7 G-PA-SBA-15 *4h B0 Ml 2B 2%

W o A5 U e AR TR O PR S A — LR VR PR A6
4 R B 1) VA R B ST R R (A) R) AR A OK
Fo ASLEGAEANIKEE 20 mg/L. W5 G-PA-SBA-15
BN 5.0 mg. W pH HHM 6.0 &M, K
FH Langmuir. Freundlich I BET 3 il i &5 2k sk i
B G-PA-SBA-15 73 7l {E 15,25 F1 35 Cil %
SRR B B 1.0 h 5 RSSO R, 006 4 A e
3 fdil.

M 3 W LLE Y, £F 15,25 A1 35 °C, 1 Langmuir
W B 25 i A 5 5 1 (R AR G AU S R RP AR B
0.9237. 0.9018 F1 0.9103, i Freundlich Wi 45 it i
RSB A A 25 R 43 10 0.8895. 0.8967 FI
0.9013. 1M i BET W B 45 il A5 20 B 149 21 IR AR G5 &
HOR? W SBAR T 2 e B A5 A 5 T 49 38 (R A S oL A
ZHERY, 73914 0.9958. 0.9982 Al 0.9976, 1] BET
W o 252t A TR ] DL Ay A b 6 I B 771 G-PA-SBA-15
WP R AT RE R . Rk, WP 5] G-PA-SBA-15
PRI BREAT Ry A2 E 4 5 A TRl 55 7 R 2R T IR
MR, X454 BET Wi P45 m iy,

Table 2 Adsorption kinetic parameters of uranium by G-PA-SBA-15

Geexp/ Pseudo-first-order Pseudo-second-order
Temperature/ 'C O
(Mgg) g qimgg")  K/(min) R Pelmge')  Kf(gmg'min) R
15 126.32 48.51 0.53 0.9612 119.55 2.58x10 0.9903
25 189.75 50.29 0.62 0.9688 190.35 3.12x107 0.9935
35 265.44 55.67 0.75 0.9694 268.66 3.88x107 0.9949
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Table 3 Kinetic parameters of uranium adsorption by G-PA-SBA-15

. Langmuir model Freundlich model BET model
Temperature/ 'C = - > - > . . B
Ky/(L'mg') g./(mgg’) R Ke/(mgg )  n R Ki/(L'mg ") gg/(mgg’) R
15 0.3215 4.3157 0.9237 1.2013 2.0121 0.8895 0.1254 85.3125 0.9958
25 0.3997 5.6290 0.9018 1.7695 2.8725 0.8967 0.1525 89.1251 0.9982
35 0.4213 6.0589 0.9103 1.9934 3.0029 0.9013 0.1702 90.0022 0.9976
developing nuclear energy in China[J]. Nuclear Power
Engineering, 2014, 35(S1): 200—-202.
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nm [ EAR S 040 FUARRA I —, X8 s RosFe
W B o e A0 TR A& L,
G-PA-SBA-15 WS 1 1) J5¢ K W B 75 & ik 274.46
mg/g, TE B BOWBT 6 min AR5 W BRSP4 25

2) L RR X AT R 4, 5 SBA-15 A
tt, G-PA-SBA-15 i8R HAT—4E/NTJ7fLIEZE ), Had
RIMAE 1.5°~2°2 [i] G-PA-SBA-15 U4 ] 4855,
S SELE LA M RN . 2 X R A s s A BT e
. XFESEHT SBA-15 I FHETE B MM . &
FE T R P SO S5 LS S N T A HL R 1 4
W, DR80T W I PR . X R IR B2 B SBA-15
CLL I IREAT T 41K FesO, b 1 i MEAS AN o
SEE I RE A S o

3) G-PA-SBA-15 Wy bt 30 5 W Bt 52157 (¥) pH
524 6.0, KVIFTEA 1.0 h, BICIHILEHEE A 20 mg/L,
WSt B S I3k 55 A 25 °C o

4) G-PA-SBA-15 W [t il (¥ 2 ) 2= W S £ WY,
G-PA-SBA-15 Wi Btk B v] LUK FHME — 20 e N Bl 7 2
R HEA A, X AT HED G-PA-SBA-15 Wi B4l (1 3t 7
F IR E R S R

5) WeF5 G-PA-SBA-15 W B4l 47 H 454 BET
WS PR AR ASEARY K — IR AT Ay A bl T o A7 R A
BT RAT IR EHER
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