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Synthesis of zirconium substituted mesoporous molecular sieve using mixed
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Abstract: The rapid economic development has also brought many
environmental problems while providing people with a high quality

Inorganic species

o o o o = TECUrsor
of life. In particular, a large number of industrial solid wastes have -
become increasingly prominent. This facilitates the synthesis of _ Cegani orgme
. . . ) i Cationic mixture
highly active and doped mesoporous molecular sieves inexpensively Gt T

. . . . aF . 1xed surfactant
because some industrial solid wastes contain both silicon species % systom
.- . . Other

and transition metal elements. In this paper we used mixed bt

surfactants system as template and the industrial silicon slag with
zirconium as raw material for the synthesis process of zirconium — ™ —
. . . Application =—{ Product [— ™ f— Crystallization
substituted mesoporous molecular sieve. In the synthesis process, roast
cationic surfactants (cetyltrimethylammonium bromide CTAB was used in this paper) were mainly used, and other
surfactants (such as nonionic surfactant polyphenol vinyl ether-10, OP-10; neutral primary amine dodecylamine,
DDA, and anionic surfactant sodium dodecyl benzene sulfonate, SDBS and sodium dodecyl sulfate SDS)
supplemented, the effect of different mixed surfactants systems on the synthesis of zirconium substituted mesoporous
molecular sieves in hydrothermal system were studied. In order to improve the synthesis repeatability, the effects of
various factors on the proprietary of zirconium substituted mesoporous molecular sieves, such as the molar ratios of
water to silicon and mixed surfactants to SiO», crystallization temperature and crystallization time were also studied.
The sample obtained under optimum conditions were characterized with different methods. The results showed that
the optimized synthesis system was the mixed anionic and cationic surfactants (CTAB and SDBS), the suitable mole
ratios of surfactant/SiO; and H,O/SiO; were 0.15 and 58, respectively. The optimized crystallization temperature and
time were 100°C and 48 h. The zirconium substituted mesoporous molecular sieves had a clear diffraction peak in
the low angle region, indicating that the sample had a certain long-range order. The interplanar spacing d was 9.71 nm,
the average pore diameter was 5.55 nm and the wall thickness was 4.16 nm. The zirconium substituted sample had a
three-dimensional worm-like pore structure. For the mixed dyes solution of methylene blue, rhodamine B and methyl
orange, the sample showed a good selective adsorption ability to methylene blue, the adsorption rate was 90.31%.
Key words: zirconium substituted mesoporous molecular sieve; mixed surfactants; hydrothermal synthesis;
adsorption
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1. IRKZEZE S0 T 20, R B 250061
2. pEFREER SRR TREPFCAT, Jba 100190

3. HEBRERE TR, dba( 100190

B ARAERPOIIT T U S TR IS MR, BT RIS VER . AFES 7RIS TR A S R & R
TR & BB RN AL TIREIRE M, 558 T KIS0 BE/RLE . SRR AN 18] Sk 5 3R I PR FRI/STO2 BE R LX) 73
TIRARI I, XA T SRR HEAT T RAL. SRR, BB 5 L0010 B it 5 R 2 D9 B B 8 1 2R v 1 77
REWR, BEGRHETT A/KISIOz BE/REL 58, R HH E51)/SiO2 BE /K H 0.15, 100 °CF Stk 48 h. 2 AF T G RIIFE i fE
NI — NI IOATE W, SRR — @ KREA P, SRR d=9.71 nm, ~P¥FL1EN 5,55 nm, EEJE 4.16 nm, A
A =Y SURFLIE SR, NI 3R . PP B B 5 PR (TR A RS S Xk I PR B O PR I R A TP R 90.24%.
KR BB TR IREREEIER: KGR TR

FESES: 0613.72 XERARIREE: A

fL4r 0 B 1992 4 H 3% [E Mobil 2 ] H X kiEM
PASK, DAHBOKH B R AR S8 E R e Re Sl ke 17T
V2 RVE, Rl R A =4 HURFLE S5 M /e fL 2 10
b —4EFLIBEZE /I MCM-41 5545 B T &4k /Ny 1 AE
WERT 2, LE 7 B AL S DT TR 7 SEAL IS .
H 1T & %R A L4530 75 R e i s 40 1 &
BORIVREYRR ISR, AR S, x5 R
AR R IR RIS L], BRI Tl T
Fe BRI Lo T RFEILFLILLIT e RA 0
Wk AR TS R, )& T AR RN RL (HIX PR
PO HIRE LR RN BEE R, ke a FAL A+
7N Joe e = H B R4k £ (Cetyltrimethylammonium Bromide,
CTAB) N H—RIME LR, Hil& 1 Al BAR KNI EL
AR S TR RO AR+ 5t — 2 (DADD)
NRMETER) IERERR LBR(TEOS) AREIR, i+ T Zr
BRI Lo T 07, ARSI HEBR, B
Ak, TR, IRARME R BTG 2 Fhdl ek
F 7, A2 IR AR E MCM-48 L4017 Hh 26 L L
SRR 20, AR R 1) = i R FLTE 45
RN AL F IR ARE AR >, AW 78 DA PH &5 7 2 T v M 711
CTAB N ¥, He R G A ARG R ER A
SER TR, RN BRAN I Tk A B kv, 7R S 1F
NEBKAE SRR A =4 HURFLE S5 M 1 B
BN T, B8 7 KEEE . WAL S AL E)
T 1 ) & 55 S O A s B 2R N AL 4 TR I R
W), PR 7 AL, BT RS R TR I
B 1 R
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2.1 M55

TSR A E N AT R, BT Bt
J& J5 T 5L, CTAB. LR (Methyl Orange, MO, i
PRl E R A ). £ FHH B(Rhodamine B, RhB, iff
B[Rz T A AR A A R A A1) F 2L 5 (Methylene
Blue, MB, [ 2442 [41 4k 27 10514 B 2 =]) A NaOH (db 3¢
T ) o M 4. R 20 S kR T T -10
(Polyoxyethylene Octyl Phenol Ether-10, OP-10, Kl
A IA B oA 22 AR ) I R DR R A (Sodium
Dodecyl Benzene Sulfonate, SDBS), -+ — 3k fi B2 44
(Sodium Dodecyl Sulfate, SDS)#1-1- —fiZ(Dodecylamine,
DDA, E 25 Ak 5850 A B A Rl ) a4t Scgs K
NEBTIK.
2.2 XWRES SR

SX3-6-14 AUPUE S I HH I AR A AR A IR
2Aw]), DF-101S EIRANFANL F 344k 4% G M IR T
FAHBRAF]), DH-101-0BY HL AR X1 AE (R HE R
B A BR A ), Philips X'Pert Pro MPD ! X B2k
FTFHMY(XRD, i % PAnalytical A %)), JEM-2100(UHR)
N BAL B % S B B (TEM, HA B FAA]),
NOVA3200e ! H 2 W B3 (36 [ B BS A g A IR A 1),
UV 9100B #4h—AT W73 et Bt (AL sCR B R AM AR A
2 A]).
2.3 KWL
2.3.1 KIESI K EEB NS T

Y — g & Tl & BE e (L LR 1)7% T NaOH /K
W, 60°C R L h, TEREEIRVETR. KR SR
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TEPERI(CTAB 7351 5/ 8 1 & s M%) SDS & 1%
[fIE MR SDBS. AEES TR V&7 OP-10. k&M
TEPES] DDA VRE)IE T 2B 17K, 40 C R 4HE 2B
VBB WIVAMR. sREHE T R IV BOZ T I\ R NS
PEFIH, dkalidr 1oh, BT KRN EF S, &tk

Ja F & B Kk 2 d e, 100°C FHET, 550 'C R ks RS
4 h, FEB RN TIRAE S, VISR TR G RN EE R L
SiO.:CTAB: H ‘& # 1H 3% 1 7 :Na,0:H,0=1:x:0.03:
0.282:y, JH x=0.1~0.18, y=29~116.

®1 FERERK

Table 1 Composition of the raw material

Component SiO; Cl NaO; ZrO; HfO,

Fe,03 As,03 SO3 Ti02 A|203 MgO CaO

Content/wt%  57.28 23.65 13.44 4.63 0.32

0.15 0.14 0.08 0.05 0.04 0.03 0.04

2.3.2 BB TR AT

BURAE A T TR 0 7k 0.02 g A
20 mL 3P IR L BFEIH B R IERE S 10 pg/md (YR
Bk, =R5°C, WK RNEE I ZE) FHEE 30
min, B0 ETER, FHEES-1T e T E
AT B GRS ARG R, F 7T L B .
2.3.3 BB AN AL TR A T

F XRD 7 #rFf 4549, Cu 32, P4 0.1542 nm,
HIE 40 KV, HLIA 40 mA, FE3E B 29/min. FE & T30
F TEM A, sk )k 300 KV, B ETE/K ZEE 3
FEOIEL, AR X GO L 2R R R R R AR . R
TARFNFLAT 73 A1 FH B A 5

3 #R5itk

3.1 RAFRMEMFIHEZ IS FiFE AN

1 ARV A R HE M4 R (CTAB: L B R
TEPEFIEE /R EG 0.12:0.03) & BT BE 15 2% 0 7 T RE i s Joe
B XRD . HERE H, KH L CTAB 3. OP-10
2 DDA i BITR A I 5 L 77 G B BIRE i H /N A X 3
AR R AT I, R\EETEEAE T I LM R
Fi CTAB 5 SDS 5k SDBS VB & (13 [ i M ik R Ak
FRIRE /N A DB AT a0, Herpr CTAB 5 SDBS JR-& 1

Mixed surfactant
CTAB+DDA

CTAB+0OP-10

Intensity

CTAB+SDBS

CTAB+SDS
O Y B I RO
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20°
Bl A [F)R & R T T 7 1 R B 5 2 i U XRD
Fig.1 XRD patterns of zirconium substituted samples with
different mixed surfactants

RIVETEFI TR AT I 5 5, R KR e
e, HLELSCRRAMIRE 5B B R A R A, R R
ZHAB K.

TE VR A5 B BH 85 1 3 1196 M 7k R b o 5 T R S 45
T AL 7R, AT LA SR TV P 2 HER 2 5 gl
il FE(9=V/aol, FHHVABKEEMRT, ackhf &erK kI
R, DARMEEERISEK): KSR R R Y8 7R
T PR 7R 5 BH B R TV M R 2 T A7 7 o A ) R 4
0, FR G| e aokf %, AR R R E
J1ILF P4, SDBS/SDSHIEKEEAIEAN KR A EE, i
SETE R R BRI AT Tl — 2, AF s K FE ARV
BN, aok#fk, BESDBS/SDSHNA ELE— & i Bl 1 K,
HERI Ko KU8. 5 SDSHHEL, SDBSHME /K 4E i i)
SRR T B I 7K e R 2 H) (54846 ), SDBS S5 CTAB
MR A HREAF TRG AT ERES. CTABS
OP-10 A s el 51 1, WATutEse Sy, ART4&
RSB A 19> 107, CTABL DDAIRAA R & U A
e FL R PR B A V5 ), 3 ) A SR B R A
W5 i R A B A BT A s B 2 Lo 1
i (14 22 A CTAB5 SDBSYR A 1) BH BH &5 -1 [ % 14771
FLRTRER 20 25 7R 0 2.

23 Electrostatic interactions o
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o ———— _
HyC—N—CHjs 0—S$=0

Inorganic-organic interface
Oil phase

Aqueous phase

Van der waals force

K2 BB RN AL T IR R T RER) B A R
Fig.2 Possible self-assembly procedure of the synthesis system
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F 0 O XRD 1. 24 % Wk B 48 1y (H20/Si0, B8 7K L A 29)
IF, RS E /N AR R IR AT S, TR
PATEE RISIO M AAFAE s BRI PR 22 HLO/Si 08 /K
FEONBBIRT, A it 7E /N Ay X 3t L B S5 P 97 S 0 L i 2
Bk, RUZFERNEANILEMREB RN LT
s HoOISIO BE /R Ll 3 2387}, 177 5 Uee 5 P FF 4R ek 59
JEE IR Bk 116K /N £ B2 X 35k o AT hid U, B T-H20/SiO;
JEE /R EU B T S YR K SRR 45 A, R e R
TE VR RIR BE AR AR, BT RL, B SR VLR
W, —eEEHKEESEEE, 4RERRe—eh
JF BERIA AL 5 T

H,0/SiO, molar ratio
116

87
58
29

26°

K3 ASFEIZKISIOE /R LT il 85 45 2% 43 107 I XRD %
Fig.3 XRD patterns of zirconium substituted molecular sieves
synthesized with different H2O/SiO2 molar ratios
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HEARTE M, R4 h), FEaE/N X
ESRHIL T AT, (HARfERES, RUIFES ORI
N FLEERBE PR 2, 12 T e WL LS
TEHLRERR S, A A BVR A RS 77 4 T IR R
SN ER G, RN FLE B> BRI
B, W B RS RSN TRE. S
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L Crystallization time/h
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Fig.4 XRD patterns of zirconium substituted molecular sieves
with different crystallization time
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e 22 R A JRy B AR AL, o il B 8 A L3 10
FIRFAE VG, RS2 SEA AL 8], BF f /N A DX I S0 0
IR, RIS AT P R B B, B A TR
K, TEHUERR AW &, FARB] SR & s i
FLAT ANSTA, SRS S T A AR AR AL, AR A R
FU RS T 2 18 20 2 A P el 9512,
3.4 RUWREXEKIEBHRS FIHHIFMm

[ 5E di AU (] 948 h, 2558 1 X R i 45 4
TR, TS FE S IXRDIE WIS, MWEIFTEAE H, &
PR L A0 CHEF EI100°C, A il 7E /N A DX I3 H R
ATV, FE100 C I AT 5 e v vy BN Rk By e, 3R W)
THIEAT FIT TR A e B i B A FL 2 0. X2 AT
I AT NI O TR 27 RN UIIRE RS, AT HL
WIRTEN YR A P HES . IniE T BT HL—TEL
G R A EIEE I =5 (120 °C) A R 4 1 a2 s
Jil, RIEEVEFIRR A S, REDTHRME, B bR
WA 7%, B HL-ENLFAA FHESEL,
TR MRS, AL O R FLES B BIIR,
prfE A FLIE S A P PERRAR. Sash, iR AR, ]
WA PSR, HIENM IR G BRI, AR
THEAS S Lo TR

Crystallization

temperature/C
120
100

20°
KIS ANIE] E AL FE T BI85 42 2% 23 T A XRD %

Fig.5 XRD patterns of zirconium substituted molecular sieves
at different temperatures
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BN FIRAE R XRDYE. WA, UERES
F T35 PE T 5 SI0. B8 R HoNO0.ASS L R 1 i e FEE A
BRI T8, AR UL E B /N XI5 A T 5 0
T e T W AT I /N 7 A S e o BE DRSS . DATR A 3R THI e
FITE B R AR R 2510 F A )6 BB 5 28 ML 707
BRI E R =IO, W RREZ, EEH-T
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PLFHI I A P HES . N T AL A i £, 2
TERE 7 LG5 . CTABIKEE I By, AR HCTA*
2, MUY A UGG RN, TOR VRS AR B S fR A
FARLIE AR, A HL-JCH LS i o Pt i, (R e Ay
R, Wit 7RI VE IR A S oA 18] B 4130
FE, I A b o R 2209,

Intensity

L Surfactant/SiO, moalr ratio
0.18

0.12

0.10

20°
K6 AEZRTHHGHEF/SIOBE /R LT il 545 44 4 F I 1
XRDii

Fig.6 XRD patterns of zirconium substituted molecular sieves
synthesized with different molar ratios of surfactant/SiO2
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Relative pressure, p/p,
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24°

K7 sk a5 20 1 I XRD
Fig.7 XRD patterns of zirconium substituted molecular sieves
obtained at optimal conditions
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AT AR, EH AT, BT i 0 T — I P 45 206y S 2 1)
AL B SR 2R (BB IV R A5 IR k), HAEMX R 1N
0.4~0.9 Z B LI HA Fiif J5 38 5 = fLiE A 7 FE M41S
FRGNHR 5 PRAH LIS A AR, 3R B AL TE R0 1k s 22
DL BJH BRI 4L42 4 5.55 nm, fLA&N 0.71
cm®lg, 26=0.91°, FETAEIIAIEE 9.71 nm, ELERMEFTN 241.4
m2lg, fLIEEARME 8(b)fF5, EEE=d—fL1£=4.16 nm.
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Fig.8 N2z adsorption—desorption isotherm and pore size distribution of optimized sample
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TEM image of optimized zirconium substituted molecular
sieve

Fig.9
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Table 2 Absorbance of zirconium substituted molecular sieve
before and after adsorption dry

b Absorbance Adsorption
Y Original After adsorption rate/%
Methylene blue (664 nm) 1.6205 0.1571 90.24
Rhodamine B (553nm) 1.1666 0.9351 19.81
Methyl orange (470 nm) 0.8289 0.8291 0

4 %

TEK AR R AP ST T CABH B 73R TS M7+ 7S e
B = LA (CTAB) N E . He RIS
TR RIS MR ik Zo0 & RS 5 24 A £ oy R RE I
BEX IR SRAREEAT T & LTI, 13BN AL

(1) BEAATE &I 5] ) AFAE TS AEAE T B4 91 FH
BT R TETE PR SR T R FLEE M I AR E A,
S RS R R R 1T e 1,82 57 3 1 3 4y iy 783 7
FRENIE A ) g, S5 CTABR A NEAE S iS5
T Lo TR .

(2) #5555 A 5L 5 0% (1 B AR 2 A1 9H201Si02
JEE IR LE58, TRA i M 5 SIOBE /K 10.15, Ak
F£100°C, #hfLETIE148 h.

(3) FHBRAN R B S5 AR T ity M 791 FH okl 46 17 KL
7. mEEE ., A = 4EE HUR A FLES BB 2
FLA 07, 76 S5 T X 30 HR 3 i LA R A 110 34 30 e B 1
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