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2.2.2 MCM-41 &Rk

MCM-41 JrfLor ¥ LA A e . S8 ki, +
INPESE = HIL AR S5 EERRL, SRAKIE TS
P OV A s, R 120°C, B 48 h. ZRid
P& VRS TRASEITA BOREAL, 550 CHBbe 9 h.

2.2.3 FIFH 13X b4 f MCM-41 43K Cd*

FHZ5 V88 7K R R A P TR AR TR R B 1) Cd™ i, 03]
IS 13X A7 58 MCM-41, £E =i R &% 60 min.
MR i B P O A I — 3 23 AE B O H L g
15 min, #34 2000 r/min. B0JEECEZER, 5
TS e B T Cd™ k.
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13X WA 5 MCM-41 AL R 2 B LR 1,
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X HH Ry AT T A R L 1, S R AL A
JEBALIT N ER, AR E N TT B &R, TR A R
13X Wb A7 1) A% 3 8 @g=2.50 nm, 5 JCPDS £ F 13X
WA ) ag H(2.49 nm)$ix. K Ny WP AN E T
13X Wb A1 55 MCM-41 /U EHI LR TR FLARRRIF
BFLAR. 13X E A KRR 25 mg/g, fFARENTAT
WL FRUE(HG/T2690-95); FHELRIHA N 292 m¥Y/g. AR
MCM-41 LR Sk 4L ap=5.15 nm, L&A
1032 m/g, FLARIFLARI 50 3.1 nm F1 0.94 cm’/g.
13X W41 5 MCM-41 ML R B0 ILIE 2.
R 1 SREH 13X 3R 5 MOM-41 L2 F i BYFHE b3

Table 1 Properties of 13X zeolite and MCM-41 mesoporous
molecular sieve samples

Adsorbent a) (nm) Sger (m?/g) Vg (cm®/g)  Pore size (nm)

13X zeolite 2.50 292 - 0.7
MCM-41 5.15 1032 0.94 3.1

(b) MCM-41

Intensity (CPS)

26()

113X P47 A MCM-41 4 AL23 7iii[¥) XRD 3%
Fig.1 XRD spectra of 13X zeolite and MCM-41 mesoporous molecular sieve samples

(a) 13X zeolite (SEM)

3.2 AR 13X i#A 5 MCM-41 AL 3B 2 Cd™ BE /KSR i e
3.2.1 A 13X AT TR B K A Cd™ i sE it 45 51

(1) WIS Cd™ MR &

£ CA* S h 20 mg/L ) 50 mL /K 43 Sl A ]

(b) MCM-41(TEM)
2 13X FhA R MCM-41 A 4L5 70 O TE S

Fig.2 Microscopic images of 13X zeolite and MCM-41 mesoporous molecular sieve samples

& 13X WA, RETBARG S PR 60 min, A
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pH {H. LR 4 REWIGEE 2), A R 0.50 g B,
IR CA> I S8 IR AR B A VFHEBGR 5(0.1 mg/L).

2 13X A FAET Cd Wk M FRFN K B 2 8IS
Table 2 Amounts of Cd*" adsorbed onto 0.02~5 g 13X zeolite

13X zeolite . Final Cd**  Adsorption  Cd*"adsorbed
Final pH
(® (mg/L) rate (%) (mg/g)
0.02 8.26 1.27 93.65 46.83
0.05 8.88 0.89 95.55 19.11
0.10 9.74 0.60 97.00 9.70
0.20 10.35 0.24 98.80 4.94
0.50 10.63 0.13 99.35 1.99
1.50 10.97 0.06 99.70 0.66
2.50 11.04 0.10 99.50 0.40
3.50 11.04 0.03 99.85 0.29
5.00 11.01 0.02 99.90 0.20

Note: Initial pH is 3.79, and initial Cd*" concentration 20 mg/L.
(2) IR Cd™ W b 26 1 56 &
A CA* MR 2 20 mg/L () 50 mL /KW INA 0.5
g 13X Wb, ARIFIRAIRG & b 73 iz AN RN a],
JEA 25°C. BIOEIISE CA™ IR BRI pH {H. 45 5%
RWIEE 3), BRGNS HEL, WHh CA™ IR R
B, b A1 S B 35 I 1) 100 min B, K ) €A
WECAKT 0.1 mg/L.
% 3 IREWTEIXT Cd” IR B < FNMK Bff & B 520

Table 3 Amounts of Cd*" adsorbed onto 0.5 g 13X zeolite
in different mixing times

Mixing time . Final Cd**  Adsorption  Cd*"adsorbed
. Final pH
(min) (mg/L) rate (%) (mg/g)
10 10.40 0.23 98.85 1.98
20 10.58 0.21 98.95 1.98
40 10.60 0.19 99.05 1.98
80 10.59 0.13 99.35 1.99
100 10.61 0.09 99.55 1.99

Note: Initial pH is 3.79, and initial Cd** concentration 20 mg/L.

(3) pH {55 CA* WL IR X &R

B CA* IRIE N 20 mg/L (VW 50 mL, JHFsBRRRIK
AT A pHAE. Zral A 1.5 g 13X WAy, SRJEIK
AR a4 60 min, #1425 °C. L ENE Cd*
RIS pH (. 25 RRAGR 4), %W pH (N
2.47~8.00 I, 13X A7 0K Cd* 1 Ak FE SR S i AN
Ky CA TR BEI AT LUK B HE B

R4 pH{EXT Cd” IR P 2R AR B & B9 520

Table 4 Amounts of Cd*" adsorbed onto 1.5 g 13X zeolite
at different pH values

- . Final Cd* Adsorption Cd*" adsorbed
Initial pH Final pH (me/L) rate (%) (me/e)
247 10.40 0.06 99.70 0.66
3.31 10.58 0.04 99.80 0.67
4.71 10.60 0.03 99.85 0.67
6.46 10.59 0.05 99.75 0.67
7.40 10.59 0.08 99.60 0.66
8.00 10.61 0.11 99.45 0.66

Note: Initial Cd** concentration is 20 mg/L.

3.2.2 MCM-41 F T-AbEE/Kd Cd* sz 45 51

HHL 50 mL CA* ¥R 20 mg/L (R 5 4y, 735
WA R AF pH H. &I MCM-41 A~ 4L5y 777 0.1 g,
BRI NS 2% 43 R 60 min, HLAE A 25°C. B0
JEE CA* R R pH . SCU6 45 RV 5),
W pH fH B KA MCM-41 & nA A T4 &
MCM-41 AL R K Cd™ AR R, (H/K
CA> IR L ATE BIHEbRE. £E pH {H 7 2] 8 HIit
Firh, LB —NoAE, WiER 0.1 g, pHAEN
7.01 B BH 2y 38.80%, 1M pH {EL Ky 8 Hif [ B 26Ky
69.40%. £ MCM-41 /i-fL53 1 T b J5 IRV pH (E AR
AN, TEeh AT Kb RS (¥ pH (ETE 10~11 2 JH].

76 pH {E N 8 W], WFE T A M MCM-41 H XK
CA* PR, R ILEME MCM-41 ] Rk E) 1
g WHHRI CA IR EEIR T 4 mg/L, MR BT 5 gt ey A
77.55% (£ 5), PRI T 13X A1

% 5 &R MCM-41 NFL&FiExF Cd™ RNk B

Table 5 Amounts of Cd*" adsorbed onto 0.1~1 g MCM-41
mesoporous molecular sieve sample

MCM-41  Initial  Final Final Cd>* Adsorption Cd*"adsorbed
(@ pH pH (mg/L) rate (%) (mg/g)
0.1 5.97 5.52 15.00 25.00 2.50
0.1 6.46 5.07 13.39 33.05 3.31
0.1 7.01 5.74 12.24 38.80 3.88
0.1 8.00 6.09 6.12 69.40 6.94
0.1 8.95 6.64 4.72 76.40 7.64
0.5 8.00 6.76 5.78 71.10 1.42
1.0 8.00 6.29 4.49 77.55 0.78

Note: Initial Cd** concentration is 20 mg/L.

3.2.3 13X #4155 MCM-41 %7K R Cd> I 4 FE SR ) L

X 13X WA 5 AL EE MCM-41 Ab BEK
W CA> S I 45 R L, 13X Wl A7 4> T-9xF Cd> Ak
PRSI T I EE MCM-41, 13X #lf 43 7ot
CA™ W By R fe v i3k 99.90%, JKARFR Cd* fryik i ]
BEA®] 0.1 mg/L LAF, k3T HlhsvE. A-FLA K
MCM-41 %} Cd* [ b g i v 38 77.55%, 7K A4
CA> IR LA AR = T HE (1K 3). pH BT 13X b4
AbER S Cd> KRR B0 MCM-41 A~ FL4r T
JRixE CA> MR 5014 pH S REEN, pH {E A
AR T4 R P
3.3 13X A5 MCM-41 Lb3E sk b Cd™ BO# 3B

MCM-41 AL T LR TR(Z 1032 m¥/g)Hl
ARG nm)izE KT 13X ALk 4, MELS BJE, AL
5397 MCM-41 W B 463 e 25— (R U R N T4 R
S 4 TR, WA CAP T IR PR R 4 T MCM-41.
7 CA* W 20 mg/L 117 50 mL &, WA THE KT 0.5
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Fig.3 Amounts of Cd*" adsorbed onto 13X zeolite and MCM-41 mesoporous molecular sieve samples

g, WLPHBF IR T 40 min, JCWRLPRAR KT 99%, HWH
HEH0E pHAE R RAK. A FLor i 71 pH=8 I 2
R, R 2 de st A 77.55%, 11 pH=8.95 I,
B KW Bt R 7.64 mg/g A AT 13X WA AR S 1
PRI R T MCM-41 /- FL4> 10, X5 13X 34
A MCM-41 /Lo Tt () S AR A i S 8 L FLIESR A b
S SR TR AN ) A K

13X A1 5 T BE A Rt L BRI K i ¢d™, Jst ]
FEAF AT 13X A LR RN T MCM-41,
{HJELT7 b &R, Fd3m, AHARRIEZ (Al 75 77 #:(D6R)
R, IR E SR = 4efLiE A R, AR TR
s LRI 2, NI RO B39 255 1 MCM-41 /7L
MR i &R, pomm, FLIE S —4e N HES, FLIY
HRAH AR, RO A RS B A &
Na', K, Ca®*, Mg” % f g 7'M, Hokd s s 7 &4
AR, SR TR pH A, TR RIS T 8
Cd(OH), JL¥E A4 Be. CA(OH), I ¥ & BUH B K=
2.5x107", 24 pH=9 I, CA* ¥ AT 28.1 mg/L /=4
DU, 4 pH=10 i, Cd*WRE AT 0.281 mg/L w3
U 213X AT AR TR CAT YRR A pH (K Z KT
10, Kt CA(OH), YT AE FH & 13X v A W B 6 vy 11 = 22
JEERL BT I, 13X WhAT 43 IR0 R R K A S
T B A R UE SE FAE g AL, i A AL A T O
MCM-41 7EW BT CA* (i FErf, ¥ pH (HAZ LIRS,
— AN T 8, WA DTSR R A

UEAh, 13X AT 4307 1) b AR 2 K s 3 DU AN Rl
WP, B e . R, fEgi A —
el =M BB 70 Na®, K', Ca®', Mg® &M ik 38 i gy,
XEERH B AT P LI o, S Cd TS
Bl N, TE B R BRPRK T E A T H .

Cd*'fE MCM-41 K HIfFIWE I HLER 4 2K il Si—OH 5
CA A N, MR LR 2 FE, A BefrfE

H5 BT U R B SR A A5 LR AR T 52 3%
W pH 2R, HI B2 2K, MCM-41 467 41 Rk
N Si0,, AFELE Na®, K, Ca*', Mg* 255 1, 145 Cd*
ANERERE B A WA ], MCM-41 A FLAH R B Cd™
(1B = 2 e e B, (L R P ORI G - 13X
AE TS AIL YU E R . TR A7,
MCM-41 s f i, ek 4t ~, R4 T e
HI, 9859 7 Fib s bk, AR s Cd™, i
FERRPEAE T, R Bt A ReR UL R4, a7
WL R ORI, fERR pH (R, HORBER S, XE
SR B TATAAE A, LBREAR: Y pH (HTF A
I, HYmmss, Wil pH B98O Rl F g
MCM-41 Xf Cd*" R b .

K, e LR MCM-41 %F Cd™ AL EE 2
B, AT A ) MCM-41 3547 ek Ab i, il /4L
PO, AT AR ICIR B AR, B KR e
PR EAk, 2 ISR S TR AN TR e
o, U T I AR LIE R, AT SCE T A LR
HRRaErE . RIB IR ML AE ) &3 T A
PERESE. AR AZECIE I 357 93 = F AR SR e (MP)£E
AL T MCM-41 K1) 3 456, 3R45 T 0 5 4 8 2y
T HABREEER R 2 B AE DR df kL, MCM-41
X Cd> NN B Eh SR I 2.84 mg/g 0% 36.5 mg/g,
AEATR T 13X A0 1 e RV AR B 75 (46,83 mg/g).

4 &%

(1) DA LA AT M o 2R, 4k,
BB AKAUE IS T2 M) & T 13X LA, Ak
T &5y IRk 1.57, JKBEEE 30, KH = W] 8
h, dnfhFHE 9%, ZK# SV BRI 95~100 °C.

(2) DLAHAEALRE . AR, T bt = R
WS E LR KA TG T MCM-41 HF
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NAURRE, KIS BGRE 120°C, INFA) 48 h. T RRE
il B e 4 550°C, I TE] 9 h,

(3) K H XRD FI N, W B — It i 45 = BOw & i 1 13X
AR MCM-41 /UM B AE . Lok, fLiE fL
WRSEREAT T 73 Bkt Ee.

(4) A 13X WA MCM-41 /- FUABHL & Cd*
JR K BRI LR HEAT 7 XFEE, B T A4 1 0
i, ANFEYIL pH EH. AFENREGETET 13X WA
MCM-41 A FL5F 0 K T Cd> (AR B 2 R B . AT
REM, R MCM-41 LR TBRILEZ KT 13X
WA, AHILKE Cd A BRI T 13X WA,
X5 13X A MCM-41 FIFLIE S5 2RI L AL 2R 4

R LR ST A K.
B E k-
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Synthesis of 13X Zeolite and MCM-41 Mesoporous Materials and
Treatment of Cd2+-containing Wastewater

YANG Jing', MA Xiao-guang', MA Hong-wen', Ray L. Frost’

(1. School of Materials, China University of Geosciences, Beijing 100083, China;
2. Inorganic Materials Research Program, School of Physical and Chemical Sciences,
Queensland University of Technology, GPO Box 2434, Queensland 4001, Australia)

Abstract: The 13X zeolite was synthesized hydrothermally by the calcined natural rocks, K-feldspar, from Jixian county, Tianjin, China.
The ordered mesoporous molecular sieve material MCM-41 was synthesized by hydrothermal method using fumed silica, NaOH and
CTAB. The synthesized 13X zeolite and MCM-41 samples were characterized by XRD, N, adsorption, SEM and TEM methods. The
results show that the MCM-41 has larger pore size (2~4 nm) and higher specific surface area than the microporous 13X zeolite.
Moreover, the 13X zeolite and MCM-41 were used to treat Cd**-containing wastewater. The amounts of Cd*" adsorbed onto the 13X
zeolite and MCM-41 were studied in different adsorbent amounts, pH values and mixing times. Theoretically, the adsorbed amount of
Cd*" onto MCM-41 should be much more than that of 13X-zeolite because of its higher specific surface area and larger pore size.
However, it is shown that the 13X zeolite (with the pore size of about 0.7 nm) adsorbs much more Cd** than the MCM-41 sample in Cd**
aqueous solution. The adsorption rate of the 13X zeolite is over 99%, and the adsorption rate is below 80% for the MCM-41. The 13X
zeolite can be used for treating the wastewater containing Cd*" more effectively than the MCM-41 mainly because of their different
chemical compositions, pore structures and surface charges, and the 13X zeolite interaction with Cd*" by ion exchange and the
precipitation as well.

Key words: 13X zeolite; MCM-41; hydrothermal synthesis; cd*; adsorption



