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Abstract: In this paper, magnetic mesoporous silica (MMS) was prepared by using rice husk ash as
the silica source and Fe;0, as the magnetic material,and then MMS was modified by TMMPS as the
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silane coupling agents. The effects of agitation time,reaction temperature and the amount of
ammonia on the surface thiohydroxy concentration were investigated during the preparation process
and the effect of surface thiohydroxy concentration on the adsorption capacity on Cd*" was
investigated during the adsorption process. At last,the end product named thiohydroxy modified
magnetic mesoporous silica (TMMS) and MMS was characterized and the adsorption effect of MMS
and TMMS for Cd?* was compared by adsorption isotherm. It was found that when the reaction
condition was 8 h at 80 ‘C and the amount of ammonia was 750 pL,the surface thiohydroxy
concentration of TMMS was 0.131 mmol/g. The adsorption effect was in direct proportion to the
surface thiohydroxy concentration. The BET surface area of MMS and TMMS was 581.769 m?/g and
405.665 m?*/g respectively. The isotherm had a good correlation with Langmuir isotherm model rather
than Freundlich isotherm model,which suggesting that the adsorption was monolayer adsorption.
When the reaction temperature during the adsorption process was 30 ‘C ,the saturated adsorption
capacity of TMMS was 33.33 mg/g, which was bigger than the value of MMS. Therefore, the purpose

of effective removal of Cd*" in wastewater can be achieved by modification.

Keywords: MMS , modify, Cd*,adsorption capacity, characterization

Wil R R R BE LR R AE Tk &
J& | 4 R R KO BRI s Y ok B i, Hoh
8 I KR X B 5 ¥ G di ™ RS S A R Tl HE
R K Z — wdE AR 2 X 2 — &I E
0 N B8 A Ao 1 A T AR B B g A PR PR
TEIN A H 55 3R G0 R 25 38 WA A 72 B iy i , 6 2>
PR U B AN o R AT AR KA o i A ) B
EAEFUKE M, SR KR HEROE G R iR
AR AR B AR A 2 DT X A AR ) £ BRE i S
1968 4F H 7 B “Ji T i 7wt A2 B Az T 40
P B KK 5] A 200 B AR

TH I8 K T B 4 JE 1 S B AT AR DT T
BT Ak AR AT L S AR L AR
P T R B2 T R A 0 BRI LA AT R A L T R AR
PE ARG W E R T | 2 B R AR AL YRR
T HARTT S 5 g A PRRAS s FEIN ERAE B
BIAF SIS, BUR BRI K T 4 ) R E R O 1)
Z— B VEEER T VARG N 8 U5 0 7 A ek i il
H—— RN L R R &, AR T AR
VIR R, 4 0 i A D 2 TR B e T B 4 R
SN, AR RE S K T E B A AR A RE
H i e =0k e 7 08 ) A2 LU W7 I IR) A, 5
ST F AL AUH 20% 1 R 72 1516 28 A, Ay i
e EFE BB B S N R TE Y R K F
AT, B X A 5 Y e i A O 2O AR 5T A

N ) B — S SR o L 48 A1 1 T 7= o 2 T K B 3
TGRS ) RE S i 55 A0

AL AR AR S H R B I B ) 2 — | AR AE
it AV 2R e gete e fLIEA Y LR
FUR FLAR A — s i B PN mT 8 45 (F HL A 0 PR AL
W B Al 0 A PR LA R 25 KIS MRS 51 AL
ST , R84 0 6 P 5 AT Rk b e 3 R
JRNFL A5 R4 , B8 v HL AR A0 06 1 A B 73S BB 1), 4
T R AL 5 K B, 5 A FL A Ak E SBA-15 A EL,
B PE SBA-15 X4 B - 0y W B A 1 4 T 2
5 o PN A 2O 9 R I, S R M A L T o
N HE 4x JE Ph? B AT PR B R PR o T MR 2 5
AP 0 P A FL R A R R T S R R
51 I R AP W R R X P2 ) R R B
J 18.46 mg/g, X He™ i 1 AW it 5 25.8 mg/g.

V3 DA% T &0 SV B2 48 A, XF MMS 1) % A
WU S AR AT AR AR  IF X 45 1 TMMS 347 M o 3%
HE, EE ST MMS 5 TMMS X 4 fit 25 75 W% FFFA%5 80

1.1 MRS58

ot . JC8 70 BRI A PR B 7= b s S 3 =
AR FE Rk e (TMMPS) - 18 96 2 KA AL 37 A1 IRy
AR F = i TNkt = P LA EE (CTAB) . &
B KA. CACL-2.5H0 /KB BRIk /N 7K A

jlexfs] JOURNAL OF FOOD SCIENCE AND BIOTECHNOLOGY Vol.37 No.10 2018



R T AR, 4 . S BOM B 3L 2 R AL R 6 B & B 2 E A8 CAX e R AT R

gk HoR ZOK EhR EE AL (St al) - [ 254
b2 R A R R

JW-BK12 #25 R B - A6 50K ok s PR 224X
BEAT RS T 77 5 s D8 B X SR AT BN . 4 A v
AXS A BRA 772 DFY—-400 842 152 20 5 o b 24 3
WEHL . 0 T R 1 2 ML AR AT PR A AT
DELTA320 % pH it :METTLERTOLEDO 2% %) 7% & 5
Nicolet iS10 f# B it 21 4 A8 143 . 28 (= FE Bk KA
Al LXT 1B B UTUEAL . b 2 = B2 A AR T
P s HYG-A A FE AR . b AR AL AR B &5 A TR
23 F) 77 il s Aanalyst 600 J5 W ISOGTE AL . 31 4 38R IK
BRALER AT PR A 7™ b
1.2 KEH*

1.2.1 A~ 3L = A AL AR (MMS) 49 4] %
75 F- 1 il 25 7

122 FEEA-FL = RALAE 09 3R BOB (TMMS) %
0.5 g Wi tEA fL Z F AL BRI T 0.625 mL 255 7K
e, A 37.5 mL JEKHEE, A 30 min, FRATA
37.5 mL Hil#E S 10 min, 85 58 2R A H R
R 2 250 mL 9 = TR,

HER R 0.3 mL 19 3-%i N 3 = £ A LR b
(TMMPS), 5 25 mL Jo/K B ESR A2 B % T
= R A — R =K AE AR K
BRI — 8 KA P — B Rl S 8
BN T R T, JCOK FEEUE 3 W, B Ak Pk & ot
UUVE T 50 CHEAE b T8 7% RIAS 32
123 2R F%%H fFEmELHEREN L= E ik
Tl %) ) B 2k R v, AR B T R R TR L S K R
HEONAR L R AR AR AT IR R S
2 IS0 5L TR B I S R PR ik
1.2.4 MMS 5 TMMS # W & 4E  BEGOY 8506 0y
BIFREL 0.2 ¢ MMS 5 TMMS 438 T 200 mL %5 7
KT min J5 T8 R AT R B G 0 HC 4 B AL
J s UM T W R AT KBr e A vk T A B %
BG4 000~400 em™, 73BT E & A 5L AT
G0 257 35 2 75 42 R T 5 X AT 9 L Cu I Ko ST£E
N =0.154 nm, TAEHEER 40 kV, A 40 mA,
FHGEE 20 = 3°~80°, HHHi LK 0. 02 (°) /s, 53 #7
B B AR 5 #50 2A RUWE BE R L AE 200 CTR IR 4
h, =197 °C7F 0 72 4 it (14 5% U W 058 B0 ., A D00 WA
FI AR FLAS N B 2 1 AR
1.2.5  Cd>* 89 B W 5 %

2% ¥

b R R — S

CdCly+2.5H,0 ¥ F A8 7oK F B s, #ER PRI —
FE I I BRSNS 200 mL B AR U T TR HE
JEN 98 pH 2 5,30 CHEIRAR T 5 h, TRk
HEAT [ 4 5, 0 W B S ™o v B U Ty vk
Z: 18 GB 5009.15-2014">1, A48 W 17 J5 - Cd> ot it v
FETHR A B (1), 1R,

q=(C,~C.)*V/m (1)
K q, NI (mglg) s C, R 5 BR 1E T Y
W46 5 5 R (mg/L) 5 €, Sk W RS T Y Cd2 o 2
e B (mg/L) 5V R 8 0m HE VA WA AR R (mL) sm SRy
B 350 1 3 () o
1.2.6 Cd* 89 SR M A A e B0 46 5 vk B 43
14 1,5,10,20,40,60,80,100 mg/kg [ 5 br 1 I
W, 3 BN A il MMS A1 TMMS T 4549 JiE (1)
AR R AE 30 CCF IR 5 h, 43 B 22 0 B
J& Cd* & &, BFFE Vi vk B2 5 oo W B 4 7 OC R O AR
P A X VEAT Langmuir BEH (2) 5 Freundlich #7Y
)G It ER R 28 TR

C 1 1
—= C('+ (2 )
qe Gun  Kigua
lnqezanﬁ—i-l—lnCe (3)
n

g, NN (mg/kg) 5 N e KW B
(mgkg);C. W VAfG CA MBI (mg/L) ;K h5
W2 Y 58 LA O Y L W R 55 Ky S 5 IR R 2 G
(4 F BT R S 5 W B R A DR SR e

22 5t

21 MMS ZERHEEGRL

211 & aF A TMMS & & 32 4 R E 69 % e
16 80 °CF , M AZ 7K 500 wL, 3 $F A [ i 7] | % 5%
S5 7 i [0 % R A 7510 2% 1 S 6 R 1 S, AE 4~8 h
JLFEIP, B RN S R AE G S VR B 0.072
mmol/g HANE] 0.122 mmol/g, & F 1 (p<0.05) . K
Ry A5 T A 3 550 THORS B R K B ARG Jn B2 R
Bk 8] 7] fd MMS 5 TMMPS 7823 # fimh 41 1% 52 17 9 3F
1o BRVAFRIKT 8 h i, FFEH A LA 3
(p>0.05) , S HeA i TP fr . PRIt e g s iz I [
8 h &k,

21.2 R BB E T TMMS & & 30 3k R E 8 %
INAZIK 500 pl, ZEA R KB IR E FHiHE 8 h, %
58S Tk X R B 7R % 1 A v B T RE R, AE 60~

AR5 1t £ %10 2018 5 37 5% 10 19 [NEH




RESEARCH ARTICLE

ZHOU Lifeng,et al: Preparation of Thiohydroxy Modified Magnetic

Mesoporous Silica from Rice Husk and its
Removal Properties for Cd (Il)

80 CIE Bl PN, il 45 S L 2 1 T i, % R
0.099 mmol/g #EHME] 0.122 mmollg, & E 3N (p<0.05) ,
X AT fE A PR A B R EE T A R T TMMPS f %t 48
HEK i R HE S 5 MMS 2 101 B ik 358 3 00 17 8 /K 4
A Y R I KT 80 CCH, S L Tk B S i/
X ] 8 A2 PR Ok SR I VA L I T A T e IR
L B R A S W SR, RO R
%, X el R AT — s W RZ R, PRI e N i
80 CHL A1k,
2.1.3 A AKFmE TMMS & & 3K E 0%
1E 80 CHEFE 8 h, AR [F] &K, % 2 KT
Jor X R o6 76 4 1 A VR B W 52 m  E 250~750 L
W, RE KRR, AW E R 0.111
mmol/g ¥4 % 0.131 mmol/g, & 4 N (p<0.05) ; 24
ZUKIRT 750 pL B SRR FE AR 25 (p>0.05) .
FKAERHEALT], AT LN #E TMMPS H A S 9 7K
fiff, T 22 R A R 1 it R 8 R B A kA A B R R
PR B s TP, DRt 3 AR KOS
750 wL B A8,
2.2 TMMS FEZE R E X Cd* R b 3 R 89 %2
A ELAT AN R B 56 T R 1) TMMS A by 0 jf 751
PL Cd>* 1y B IR B 4 SR 48 4, $58 TMMS 119 2% 1 %
S B X CA> W B A5 fR IR 1 AT B SR
FEve BE 3G N TMMS X5 A V5 W T Cd> i B4 %
B 2t 22 T N (p<0.05) o FEPLAL T 205540 F il 45 1Y)
TMMS ( % 1 7 52 4 BF 0.131 mmol/g) XF Cd>* i) B fof
W B o0 2.824 mg/g, X AT REJE M FIAE S Cd> e
i I R 4 B B A AR A A TR A S S
B ML 2 AR T TMMS X5 Cd> i W B

28
e I
s L
£ 26+
g
=
’i‘Z‘ 24
#
22
1 L 1 L 1 L ]
0.08 0.10 0.12 0.14
Hi A (mmol/g)

B 1 FREHFHEREN TMMS KM Cd*#I %0
Effect of surface thiohydroxy concentration of
TMMS on the adsorption capacity of Cd*

Fig. 1

2.3 MMS 5 TMMS #H R R

231 EoH B4FE MMS 5 TMMS #4558 3R
WE 2 7R, FEMEINAM#ES 1 min J5 ,MMS Fl TMMS
POBHS O] LLRUK A AT AR AP 0 4 B8 . XA A 1 58
7 FH e SR R0 68 3 15 5 FE I T

(b)

2 MMS 71 TMMS KM S =
Fig. 2 Magnetic separation of MMS and TMMS

232 shkiE MMS 5 TMMS (41058 56 an
3R, MMS 5 TMMS ik & ,1 086 em™' 5
1 090 em™ 2 MR A B2 Si-O BYRHE IR
561 em™ 5 563 em™ XF A MMS 5 TMMS ' Fe-O
(4R 206, Ud B G FORE R R SiO, 35 BT A0 8
B Fe;000 MMS HHZEH,970 em™ 5 1 634 em™ H
Si—-OH A9 45 il 9= sl i, (H 7 TMMS #hZ &, B T 50
FEHR R —OH 5 H 8NN, 3% R A 06 i i B
BAT/N ., AE TMMS £ ,2 930 em™ 5 2 870 em™
i —CH,~CH,~CH,—SH ) 457 1iE B S 52 il 45 4 50 2 i
W | e b A T A A /INELAR B g O A 0 3 P
T B2 5 R e P W A % = e 4 el R
35 25 AR

MMS

T/%

l 90 1

4 000 3I500 3 I000 2I500 2I000 1 I500 1000 500 0
P em™
B3 MMS 5 TMMS HJ4I5h i E
Fig. 3 FTIR spectra of MMS and TMMS
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Table 1 Langmuir constants and Freundlich constants of MMS and TMMS for Cd*
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