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Cd( I ) Ion Adsorption and Sealing onto SBA-15 Mesoporous Particles and the

Related Potential on Cd( II ) Polluted Soil Remediation

HUANG Hui', NING Xi-cui’, GUO Zhan-yu', GUO Di', ZHANG Zeng-giang'”, LI Rong-hua'’", WANG Li',
Ali Amjad'

(1. College of Natural Resources and Environment, Northwest A&F University, Yangling 712100, China; 2. Environmental Monitoring
Station of Yangling Agricultural High-tech Industries Demonstration Zone, Yangling 712100, China; 3. Key Laboratory of Plant
Nutrition and the Agri-environment in Northwest China, Ministry of Agriculture, Yangling 712100, China)

Abstract: Aiming to expand the utilization of porous silicate minerals in the remediation of heavy metal contaminated soil, the
mesoporous material SBA-15 was successfully synthesized by using sodium silicate as silica source in this study. And the obtained SBA-
15 samples were characterized by TEM, X-ray diffraction, N, adsorption-desorption and FTIR. Furthermore, characterization of
Cd( II') adsorption and sealing performance onto SBA-15 were evaluated through batch experiment, and the remediation potential of
Cd( II') contaminated soil was investigated by brassica planting in a pot experiment. The results showed that SBA- 15 had the

" and pore size of 7.38 nm. The maximum Cd( Il ) adsorption capacity was

mesoporous structure with surface area of 507.3 m’-g~
76.43 mg-g~" at pH above 7. 0 with the adsorption isotherm fitting the Langmuir model in the solution of 100 mg-L ™" Cd( II ). The
increase in ionic strength reduced the Cd( Il ) adsorption capacity. The Cd( Il ) loaded SBA-15 could be regenerated with 0. 1
mol+L."" HNO,, while Cd( Il ) could be strongly sealed in the pore structure after introduction of sodium silicate into the system. The
pot experiment proved that the addition of SBA-15 (4.5 g-kg™') into Cd-contaminated soil could reduce Cd( I ) availability, enhance
the transformation of soluble and exchangeable Cd( Il ) fractions into carbonate and Fe-Mn oxides bounded forms, inhibit the Cd( I )
accumulation in the plant tissue and improve the brassica growth. Based on these results, it can be concluded that combination of the
SBA-15 particle with sodium silicate has great potential to remediate Cd( Il ) contaminated soil through adsorption and sealing
properties.
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fie, A —AbHEL 3 K.
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RIS AE W % TP EAT 0 A S ) A4 4= rfom
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By I m oy — & - A A 450 mL 0.1
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TR, i il sAE MR AE &, HINO,-HCIO,
HL P A TCP-MS g Cd ( 1T & &, I bR ey
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W, 1556 om ~" B 3T AR 5 A 2 456 I WAL U4 S —NH,
WG , 798 em ™" BRF AT AR 5 114 9 A6 W Wi e A N—H
PRBNE. SrAT SBA-15 MBHI N, W B -fife W 45 I 2k
(1 (d)] A4, SBA- 15 2 fL A1 k)i b 26 T 1
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T I PRA0RE 5 0 A58 G 25 (TUPAC) B AL
MBHRFLAE <2 nm, PR (LR BIFLAR R
2 ~50 nm, KFALABHGFLEE > 50 nm. 4% 85X — 432
AAL, ARBFSE AR SBA-15 Ky FLAT KL
2.2 SBA-15 XfCd( IT) Ay ms it

& Z pH XFCA( 1) B2 45 SR LI 2 (a) .
PEH 100 mL Cd( I ) % (2 mg-L™") A pH (3. 03,
3.48.3.98.4.49 5.03,5.51,6.02.6.51,7.02,
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Fig. 1 TEM image, X-ray diffraction pattern, FTIR spectra and N, adsorption-desorption isotherm of SBA-15

9.0
(a) pH
151
6.0
T
@45t
N 3.0 NaCl/mmol-L™!
-0
1.5 - 10
—a— 100
0 ] |
3 4 5 6 7 g

T'.')
£
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30 ff © 10 mmol-L!' NaCl
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15 Langmuir
——— Freundlich
U 3 1 1 1
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Fig. 2 Effect of pH and concentration on Cd** adsorption

7.53.7.99, 8.50) A& F R E (0, 10 Al 100
mmol-L~" NaCl) 5, Il A 50 mg SBA-15 &R IR
8 h. SEHFH KRR AT E F5m A pH ¥ &%
Cd () Fy W B ot = A 5 i 5 ) IO 257 ik 5 1) 14
i, Cd (I ) W B RS A BRI ZEAR R pH {E 3. 03
g 8. 50 fE AR, SBA-15 XFCd( 1) M
7 pH 3.0 ~ 5.0 95 Bl 9 B4 4y 2248, 78 pH >
5.0 DU F7E pH=7. 0 LIS TR e
[99.3% CA( 1) BB 1. X —BF9E 45 2R 5 HAth
25 AN TRI 2SR — S A Rk S 2 FLIR B (MCM =41
SBA-15"2" MCM-48"*) a1 45 il fiff 5 45 SR
ol BEIAR R A BT B TR S R ECd( ) K
B R/ 0N, 3T B T RE A B R B RN, A

Na* ) e Bt 78 32 i 86 m, AN 30 Na ™ & HEJF
SBA-15 XtCd( I1) AW BfE >, 1 pH {HXT SBA-15
MR CA () B R ) JE R AT e R 1, — 5 Tl
IR pH R %, WP i B W R I, 1 &
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£ 250 mL 5 LA 4% 100 mL pH 7.0
WEHE 0 ~ 150 mg-L ™" (R CA( 1) # T NaCl ¥ ¥
PR R 504 0, 10 AT 100 mmol - L', SR J5
A3 B 50 mg SBA-15 WZRH5), 2596 80 romin ' 5%
4R 8 h. G5 RFW] A KR CA(I) W B2 i 7t

11, SBA-15 XFCd (1) A9 W Bt et 22 i3 i [ &1 2 (b) .
3 Langmuir A F Freundlich 57X 2 56 25 S
PTG, K Langmuir #5580 A9 4005 RO 847 (55
1) FERFRE TR 400 0, 10 F1 100 mmol - L™
NaCl i, SBA- 15 XF Cd(Il) #) F¢ K W BiF & 43 il
76.43, 72.18 F161.86 mg-g~'. NH,-SBA-15 XJ /K&
FrCd (IT) R R 25 928 ) Langmuir A58 504 116 25 51
Fb Freundlich #5550 #f 3 5 Li 4570 | MCM- 41,
Jorgetto %5177 P L SBA-15 . Yu 2512 P Lok
PERERE X5 Cd (1) AW BRI 45 SR — 2
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Table 1  Fitting parameters of Langmuir and Freundlich models

Langmuir ALY

Freundlich %74

NaCl/mmol - L ™!

Q,/mg-g”! K, /L+mol = R? K/mg' ~V/m. Vgt n R?
0 76.43 1.51 x10° 0.995 4 57.45 4.55 0.963 8
10 72.18 4.46 x 10* 0.998 4 50. 70 13.33 0.9316
100 61. 86 3.27 x 10* 0.9876 24.46 15.15 0.8747

I A AT DLk B, A R 2R ) 2L A A
POREXTCA (T ) R BT BE ) AEAEAR K 25 5. il A<
5 SBA-15 XFCA( 1) Ay M Bt & (61. 86 ~ 76. 43
mg-g ') T TR IE AY R JE Ol PE IR (41,48
mg-g ') . ZHE MCM-41(18.25 mg-g~ ") 2 Fifh 4
(40.49 mg-g~"H)" {HALTF TiO, kP MCM- 48
(83.57 mg-g™' )™ Fl 2N-SBA- 15 ( 101.2
mg-g~ )" FEHFE R AT BE SR @ LR R AS [
BN, Heidari 25" BT A0 32 2 i1 1k i R AR o A
KL HFLAR > 50 nm AR FLE L H A A1
FIR Visa BT B 68 T Fd3m 577 SR B AT
ABIELE R AN = HE LA, (HFLBRFLAE > 32.2 nm H U
115.9 nm MYFLBEN 32 TASHFSE H () SBA-15 oK
T fh R Pomm , LAY 7S I HES (14 FL 38 i H & ik
HALBREIAT (LA 7. 38 nm BYRFL N E) . M T LS

(a) WEHCA( 1) JFSAB-15

<2 nm WAL ATFLAE > 50 nm B9 KFL, FLFE 2 ~ 50
nm B HFLIE A R TN T A R L i
A Pl 4 BRI B s 57 ASTR). 9140, Heidari 25
JIT ) 22 5 AP e R ) VR o Ao 32 2—COOH
HAGXFCA( 1) A BE IR T—NH, ; ABFFEH
SBA-15 ' N & 3.4% % T 9K W 251 i 2N-
SBA-15 T N & & (293.7% ). i G35 A 5%
HR A BRI CA (L) 1R Rz R e e 4 3 el M e e
MK T 2N-SBA-15.
2.3 WEMFCd( 1) 7 SBA-15 (9 A 88530~

SR FH % 5 HL T S A BE X I B CA (1) J5 B SBA-
15 A A5 A 51 SBA-15 AR R L5001 T T 4087
(F3). MK 3(a) i TEM BB 5l %0, e ECd( 1)
JE W SBA-15 38R A5 7 /5 B KL A )7 1) 2 AL 45
Fagy AH 24 5 % B cd( 1) J5 B9 SBA- 15 5] A

(b) HEE{ FSAB-15
B3 WRHCd( 1)J5 SAB-15 fMH 445 SBA-15 1) TEM B H
Fig. 3 TEM images of SBA-15 after Cd( Il ) adsorption and self-sealed SBA-15
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G )E Wb Cd (D) B R IR T ICP-MS 1Y
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AR Si0, -H,0, SBA-15 fJFLEL#E Sio, - H,0 445
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2.4 KA F/NE Y R GEE Cd 1 2]

FERA S | £5 A N SRS ERALAE Wy i
Cd P RFUREBLILZR 2. P Al £ b B A 4/

HREMTENT7.66 ~7.89 g Z A, B /N
RAETHENT 1.22 ~ 1. 34 g Z[a]; [HAHLL T XL
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X HEAR B, A5 SBA-15 AbFR | Na,SiO, 4bFH A SBA-
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Table 2 Plant stem and root dry weights and the total Cd contents in plant tissue in different treatments

LD EMFE/ g WFHE/ g4 ! 250 Cd &/ mg-kg ™! R Cd & &/mg-kg ™!
Xof A 7. 36 £0.91c 1.27 +0.38a 1.13 £0.32a 8.90 +0. 59a
SBA-15 kb3 7.75 +1.27b 1.34 +0. 14a 0.68 +0. 13b 5.67 £0.67b
Na, Si0, AbFf 7.66 £0.93b 1.29 0. 62a 0.46 0. 09b 5.52 +0.41b
SBA-15-Na, Si0, 4b 7.89 £0. 64a 1.22 +0.29a 0.18 £0.07¢ 3.61 £0.39¢

1) Al =3 [l — R RN BARTE P <0.05 FAFE R EES

2.5 FubHtEh Cd IBSS
Cikpiw £78 L AiEew A= -paRillact b vAs]
HABE ST RAAIE 56 &, AR A R A3+
Herhr Cd 19 DTPA $2IUS & AR LN Cd b
JLE 4. K 4(a) T HHEARES Cd B HLBIRE X
HEALBR U8 AN SBA-15 AbBR | Na,SiO, b Al SBA-
15-Na,SiO; Zb3 i + RS Cd 54 Cd 1 LuAsl 53
M 10.69% | 9.24% . 8.48% Fl 4. 58% , K L T %}
HEAL BRI SBA-15 4b 3 Na,SiO, 4b B Al SBA-
15-Na, SiO; HJREARUEAL H A RS Cd & &t
R 4(b) AT UL, #5403 3 Cd BRI
oS (F1) 2976 0. 67% ~3.86% ZIf], 5 HL4: & 25
(F2) 4975 1. 83% ~3. 71% 2 [a] , BRERE: A ik4h A Ak
YWEEER(F3) SENT 67.70% ~70.36% Z[A] ki
EE A S (F4) S RAE 5. 08% ~6. 62% 2 [a], 5k ik
A (F5) & 81E 18.24% ~22. 04% 2 [a) , AS[a) b 3 +
Herh Cd WAL AT 2550 A1 /I 26 B0 by B IR 42k 11

AL RS G > IRIES > LS 678 > Al
AR > ZMAEBFUKBE R M. AR LT
Cd Mfb2AIE 38 Dk FR 3R R L E AL 5 A 8 . i
WSS ARG AR E TSN £, KT 38 i
BB AIGEE T 'R R S S A 1 4%
R B A G 3X —WF SR A R AT AT
éﬂ:%*ﬁﬁﬁﬁz,}ﬂ .

AHEE T XT REAL PR U I SBA-15 4 | Na,SiO,
AbFEFN SBA-15-Na,SiO, , ¥ + 33 Cd 7K ¥ Fl 28 4 45
(F1) | BBREh AR A AL 45 5 A (F3) Pk S
(F5) WsZm sk .35 | B SBA-15 AbHEH Cd AYBR IR
R B 45 A 25 (F3) Fu il fr 2D R R AR 2 4h
HAPIAALHE T Cd IR A A4 A&
(F3) LU AGI3E Jn e B2 53500 4. 47% F15.14% 5 3 4>
AbFRrh A3 Cd K RS HRAS (F1) B9 R 0R 20 00 R
39.01% . 39.79% F182. 43% ; +3E Cd WIFREZ L
A3 MG T 8.92% | 14.56% F122. 17% . il
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Fig. 4 Soil available Cd and forms distribution in different treatments
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(2) W Mcd( ) J5 B SBA-15 AT LLA 0.1
mol-L ™" HNO, #F47FAE (A Y m M Cd( 1) 51
SBA-15 H15| A Na,SiO, J&, Al L & SBA-15 (4%
AT BT A BT B G (L) AT 400 o) JFE ) 3445 o
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