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Abstract
prospects in both adsorption and catalysis. This paper reviews the preparation of the pillaring agent, the approach of the

The bi—metal pillared montmorillonite is an important type of the pillared montmorillonite. It has application

pillared montmorillonite as well as the application in catalysis and adsorption. The long preparation period, the unsatisfactory
thermal and hydrothermal stability and the uneven distribution of pores are the major problems. In future studies, the multi—

metal pillared structure or the introduction of rare earth metals, the mechanism, the retationship between structure and

properties and the preparation of high—performance, multifunctional montmorillonite materials are the main subjects.

Keywords bi-metal; pillared montmorillonite; adsorption; catalysis

52 WA e — 2 )2 e 4 DU T AR — J2 40 48\ T AR A
BRI 2:1 B AR R RRER 4, A5 44 PROT 2 TR e e A 2
[F) G A8 T I 1 PH S 1, IO SR A ) E AR IE 2 — |, 2
ST AT AR O ) BB ARIE Y AR AR LR (5B
F) BUASTR) A4 52 i A 1T Ay A A LR 35 52 il A An G AL A
SN, TS A BAT teR T AR IS 1
IR B AR S SR A, AR 2 b D) R Ak 2= A5 4
b G| | I S o

L4 )8 PH I F (keggin ) J& FLASFRARL Y TEHLAE L™, H
TR SR TRB L, PR 2 Y 8 5 A
B AR R4 5 AT Y AL Zr, ZE BB Hh 20 591 1T LATE %,
[AL;04(OH)(HL0) o] FH[Zry(OH)s(H.0), 1> Fili 25 BIF 5T A AS BT
TR UL LR AL =, ToHLAE AR 2 B — 1 4
BETFREREYMNE B EE LS RBREEREY A

JE o AR N B AR A RIER Z, U Al/Fe
AlNi, Al/Zr  Al/Cr . Fe/Cr.Zx/Ce . Cr/Ti 5 , 25 SC L5 R X 4 J@ A
PESE AT B 25 B0 FH B9 o8 100 e

1 HAeHHGE

PIRELARIE B 2 4 8 BH B A A A2 [ Py A 5%
B R AR WA, T 5 LU[AL(OH), - 9H0 " L AF7E?,
Hil £ T O, B4R AR i il & e 4 R ik
AP ] 2 i B[R] A , 23 3 4 VA R S

R A AT ) 28 L B B AN 8], 1T DA 43 oh B T A 2
o BURTRAE S 50 4 JE AR AL B SERE A S —Fp
BB THATIH I, B —Ma s b &g
A—E 1 i (NaOH B Na,COs ) , ¥ 75 pH, il 352 3 4 Ji A1k
F SR J5 PN — 2 o) — PP & R AR T R R 18 B IR TR

WS B H:2013-12-13;45 = B #9:2013-12-27
KEeRA AR aRHFEET B (21276146)

Ve WA~ W, AT R A BT T a1 A A A8 ) & Ae 2 B FAE 48 < zhuxixi 1986@126.com; £ GBAZAEH ), #3% , AR T @ A 5

W3R L5 AAR B F 15 46  wanglisdust@126.com

IR MK, T ). WA B E LG F & B 8 AT &) AR, 2014, 32(9): 67-70.

67 I



—t

www.kjdb.org

RS 2014,32(9)

SCIENCE & TECHNOLOGY REVIEW

HREAT AR M AN, 8 Al — B 1] RIA L SR A Al . Rk
S AP <5 JBR KRR R I R 7 K g IR RS R 5
T, R PR B R SR W — 2 LR A SRR A —E
TR, & A — BET A RIS R S AR AL R . &R A,
BRI FE T, NaOH #09 Hh Ta kB0, Sy i 5y I it
TE , M0 NaoCOs I HIIERS , ] DLERE—A~ b NaOH 79 5
IR, 55 T8 a2 5K gt

IR, 5w R WO ARG 20— L8 T Bekb
BB AFRIVERE SO S B AR B R A KRS
KA I RE 7 R A T, A ISR K B SR AT
Fe' \Cr' IR MR A TER R PRI ST, K B Fe™ \Cr ZK it 26
A TRRERE AR, R R T AR E B SRS B T, TR pHAAE R

i FAES 5 24 7 1k NauCOS W — UM A B3 22 A T oE , A%
ISR Y 4 T T R OK A A AR AR HIDEE NaaCOL ¥
WY PN, 55 RN B NaoCOs 353 T LRI — o
A NaCO, Ji 7K fiff 1 B 1 B2 i B pHAR, (R A 5 F 17K
i r] LAARSEEAT , T AR P T KR A T

2 HESHANGE

ST BA ARG 89 3 BvE , Aok R 52K AR | T2 T Y
]SS B T S R R A B A R B 1 R A A 5
i A1 B2 T AR , R T TR 228 s iR ABObE , AR LR o0 M 5
SR R EL S AR E L (1811)

42
/ v777777777) AERGHT ik
o 06 o /”ﬁli)‘)[)/
JE T

B HESRAEERTE
Fig. 1 Pillaring Proeess of montmorillonite

21 XBAMBLE

H AR SR A AE I S A R 22 S L5 AT, HAE KA
R A EIHE KA B T AR B R S BN SE WA, T L
SO T S — e el 85 3 5 WA #h Ak ek
Vi A RA PR AR B T AR . SIS ey S Y 4T
B AT T2, 1 e s LS A 12151 24 h, OB
VES BRI 38 e v S o BRI E P It Ak BRLE A 7 0, 5 3
ST R B S RiAR T 5,555 um B2 0.964 pm. AR5
A 3 K AR S G S S I Y LA S T2 R A
1.962 nm [ Fe/Cr W 4 JE MM AT, 425 T 5tk ek i K 4k
SR RORAR T & A, 8 T A AR
22 #HE&HE
221 BFXHE

B A R A A S A B s K S A
PIRE AR B - B 5 58 A 2 (B ] A8 3 B B8 7 1A T B 48, 4R
Je i R BRI B E A R A S A
222 BIR{KE

DA YA A TR AR 4505 . — Sk bR foE S5 52 Mt
A1 SR )BT B A TS e , WG P — 2 50 5 5 i P A 46 e
P B L BRI T, i LY A e S itk 52 A 2 8], PR
FEAR A e ol B A 1 B SR B A J2 1), B 3 ik A B A
P e e bk, BVAS HAREEE S A . T IR A HL
YIBC A YRR IR s R

9 Fe/Ni B4 JEAE S B A7 i 2 80, S 7S de ik =
FR IR AL (CTTAB ) X0 376 52 I A 047 TR 43¢, HL )2 i) S e

N 68

0 ALK 4 nm, B Fe/Ni A A0 500 A 15, i 8 o B b 25 B
CTAB 7] L3R A5 Fe/Ni X4 J@ A S WA . CTAB 7E 400°C 1]
SEA AR, A AR PR SE A A ROk T 4R S T
223 %

H AR AR 2% (4 DA A AR A SRR TS T AR AR T
ANZU o B SUBLAR 5 AR 1 “ B LA R 245 () 25 4 AR 3k
I, fie e A5 I S A ELA R 1 BRI )
SRR 8 A SET2 A4 1 i i AR S R A A AR
AR A SR AR B A 45 Fh T B, H R R
A REEAEMERN R R SR ERANZ
WHELA Y SRR &8 B PR AR E A, R IE K ZE Sk
AR 52 WA J2 0], i o A A R R MLRLAA , & s
T BAESE WA Z A BRI . bR g A Bl T
VERRERR AL, TP T VE AR , 61 Qs i b 4 o
Je k] AR IS b, TR AR R A AR R, R
A EESE A PR e e, R R R
224 FiEk

AN EA W IOH S A e A SR SR il R A R
552 P A 3R A B AR B SEMEA B, vk el
FHUT A AVREFEE SRR, SR IEKE ALRE 33 52 B A i it 31
oy —Fh a5 R AR R A LA B B 2 4 R T SR
A1 Salerno " I7E i £ AL S A7 71 28 NiMo A7 1 F
G I, 2B G BRI I35 2 WA P 52 A 45
AR 3 7 A 5 M), e 31 M 2958 N T Mo (AR IT o

il 28 7 TR A A AR A 1 52 W A (PR RE P A i), 38



—t

RS 2014,32(9)

www.kjdb.org

FTLART A sl il o T 2R il s ik iR R — R
Z 2B W SERIT 16] , b T B 3 Kk Bk ] A AR S
DB B RER TR PR R R A kA

3 MERHAERKEAMMA

TEMPRMITR , PR BT B . S A et i 5, 2
[a] #E i 2 H K, — % T 36K 0.6~3.0 nm, 22 AL AT 4 )0 4~9
£ S B Y 22 5 SAEAE R & IR AP il B R A OC . TE
HEAE SN R Rt b RA A& Jm I 1 e il & s
AL, TRl PR H R R Y HORT LA A SRR A 454
SWATRIERIZ Tt o TERARA RS PR T, R R v 5%
Lowis fi8 1l Bronsted Ji& , i & %5 b2 5 B T1 5 , Lowis FRV 1% £ |
Bronsted f2 {3 9 /0 , H* A Bt Al fifi 52 i A7 FH 25 - 22 e 45 1k
MR, Bt HE 1 5 WA 145 J7 TR AN TR, R ]
G WG BT, (H L8 S A 5 A i 1 T 2R R
TEMEAC SRR OR AT
3.1 LT R LTI

20 TH22 3044, 20t W b B ) 52 A A S Ak 351 4T
TR TR, A5 58 5 G i AT 45 52 A0 7 A it e L 2
b, JUHR i A BT 20 Iz BT BRI Z AL, 34 A
FHT U & B A S P A 2 vy ke B Ak 5z oy 55 Jy TG
Bl WG SR A S AT T R R S A A M SR S
HAE ARG S )z .

PR AT I R R R R A B R ST 1) .
Xof SRR AL B AR 1 2o U 4 B R A LR (40 Fe . Co (Ni)
FEFE RIS WA )2 0], 5 ARS8 Bk 2 AR AR L, AT DASE i 4
J& E AL o BPE , ASURT LSRR rhocy T HLEAA T 5
F18 A 25 IR B R F) FL 5 4, BRI B 4 ) AR P B
1o SN SFETEWT ST Fe—Ti X4 & LA 52 A1 Y HE AL R 2R 1y
I 3, I P TR A B e 38 A8 DL SRR B 1 I 7 3R 3
PET B — Fe FEEESE WA AL , 28 5 U AN 38, HE AL 76 1

A BRBMIR B AR 7= A 1) NOL M FREE (61 35 1 I R
K, EBRIE IR FE Y Bz — , WoaIE ootk
2S5 1 B S BORTE AR O, — D E 2N 7, HETERENO,
58 FH ) A4 AR 2 B2 VL0 TiO, FEAAL R, X AL I AE
SO M HOAFAEM Z 5 R KT . PSR, Cu- ALREFESE L
A1 \Cu-Fe— ALAEFESE i A1\ V-Ti FEFE 52 I A1 % NO SR B AT
R A7 B PEPE A LRI P , T NHs . CO 8RR 704 NO if
JERE N, , 76 _F AR FIVE R T, NO I NH, S 15610 3R ik
90%~100%"%*",
3.2 Sk IEThEEM

TEMGEORAP R H 5 B9 19 4 K, 15 7K A 3 AR i
SRV EA , AEEZ AT T EA R R AR G R
P, EHAE P RGUEAS B I Y BT RS A AR
JR AL BT T 1 ] 32 AR v X K A L B LA K
2 T B TR BRI SR AR PR R 4 TR A 52 I A

SCIENCE & TECHNOLOGY REVIEW

RRER I3 AT 9 H 30, IR B R 0 AN (S 1 )23 (] B A v
L, I8 S5 I B 5RO FLAS P R R T 0 5% I B 48 i 1
F14) W o =3 B3 4 S Ay R 10 K AEAE 1Y) Si—OH L A 5 T 4R
BT E RIS
ARl 4 B R E R A SR A B AN TR A R , 51120 Fe—Ni £
P52 ek A WL S A AR K COD 03 R i Ay 2
B3R AT 435038 97.22% . 95%F196.57% , %7K 1 Cr** By 2= [ 2]
iK97%™, 1M Fe— AUHAESEMA A ML H AL L5 44
W RHPERBIL S , BESC A ML A F T Kb 3,

4 L

IR 48 RS2 7 A7 0 T R B4 . 1) 7l 45 83
Bk BB N AR T BNk, T 2R KR S e B Tl Ak 5
2) TEAT T IR RS I T, BRI VR
SEPEATAE LU BT 2000 T 205505 3) FLER A A AR E R HA7 A
(10 5 —~ L I, 3 P 0 AR B 52 A AL RE A4 1
S, AR g AR R S A AR FLAR A R S A T
TR — N EE T

KHN 4 JEH 2 28 @ T, S 2 - S E s
A AT R R M A 52 i AR e 1, R T L s — & 8
REFE S I S0 5 AR R , T 2 52 M A 7 ] A5 7
() K REJT 1), 25 0 ) i 255 R B AEL 10 1) SEL B, AE AL
Tl R AT ELAT T R A 1 PR 5L . AT, KR IS T AR
AR A AR A B R S A B 45 T A R 5
R AT RAEFEALBE PR IRIAON DL R 454 5 P RE 1 52 R I ATFIT I8
At — g . BRub =z Ah, BiE BFIE AR A R PE
A TR 4 BT B R R RE RN Z2 DI RE A S MG AR, Ak R 2%
A4 IR B K R TT 1)

£ 30k (References)

[1] AR 22, KB I L T 5 BT, B A2 Tl A,
2005: 2-3.
Jiang Guilan, Zhang Peiping. Processing and application of bentonite[M].
Beijing: Chemica Industry Press, 2005: 2-3.

[2] 1, sREDY, S8IUER. RIEEREE A SEIBAT Keggin 45 M AOTSE 1L
[J]. T4k, 1999, 19(2): 132-138.
Wu Pingxiao, Zhang Huifen, Guo Jiugao. The stability of keggin
structure in hydroxyl-Fe—Al pillared montmorillonite[J]. Acta Mineralogica

Sinica, 1999, 19(2): 132~ 138.

iEHRZ, 2002, 21(4): 247-252.
Liu Lingyan, Xiao Jinkai, Zhang Chengbo, et al. Review of research on
pillaring  species[J].  Bulletin  of
Geochemistry, 2002, 21(4): 247-252.
[4] Mujde A, Saadet Y. Effect of OH/AI" and Al*/clay ratio on the
adsorption properties of Al-pillared bentonites|J]. Colloids and Surfaces
A: Physicochemical and Engineer Aspects, 2007, 306: 88-94.
[5] F THL Saht, a8 SRS KR SR SRS A AR S 5 R
TR, TCHLATREEAR, 2003, 18(2): 379-384.

Xiao Zijing, Dai Jingcao, Ye Ling. Formation of cross—linking

Mineralogy,  Petrology  and

montmorillonite nanocomposites by adopting chromium compound|J].
Journal of Inorganic Materials, 2003, 18(2): 379-384.
|6] Jurate V, Rajender S V. Photoinduced catalytic adsorption of model

69 I



—t

2,

www.kjdb.org

RS 2014,32(9)

SCIENCE & TECHNOLOGY REVIEW

contaminants on Bi/Cu pillared montmorillonite in the visible light range
[J]. Separation and Purification Technology, 2011, 78: 201-207.

EHIAL, TPAAE, wedktl, 45, Al-Mn LR LG & RIS AL L F
Y. REERER AR, 2002, 30(1): 86-90.

Cao Mingli, Yu Yanghui, Yuan Jizu. Preparation and microstructure of

[7

—

Al-Mn pillared interlayer montmorillonite[J]. Journal of the Chinese
Ceramic Society, 2002, 30(1): 86-90.

[8] MR Y, AKAE, T, 5. Zo/ALSSAEBESE LA UM RO LT A1

FEAIFFE)]. RERRER 244, 2005, 33(2): 220-224.

Guan Junfang, Di Jingru, Yu Jishun, et al. Infrared spectra of Zr/Al
pillared montmorillonite mineral material[J]. Journal of the Chinese
Ceramic Society, 2005, 33(2): 220-224.

[9] TRBE, IR, XUVBRH. La— AUKESESE B0 A1 1 88 75 1) 2 S AR e 1k
WFFELI]. A R4, 2003, 32(5): 496-499.
Ding Shuli, Peng Suping, Liu Qinfu. Preparation and thermal stability
of La—Al pillared montmorillonite prepared by power ultrasonic
treatment[J]. Journal of China University of Mining & Technology,
2003, 32(5): 496-499.

[10] Mikhail S, Tatjana S, Michal R, et al. Characterization of the
microporosity of chromia—and titania—pillared montmorillonites differing
in pillar density[J]. Microporous and Mesoporous Materials, 2000, 37:
187-200.

[11] Mandalia T, Crespin M. Large interlayer repeats distances observed
for montmorillonites treated by mixed Al-Fe and Fe pillaring solutions
[J]. Chemical Communication, 1998, 14(5): 2111-2112.

[12] MG, 7, SRR, Fe/Cr ARSI B AT # S RAR). T
A4k, 2006, 14(5): 61-64.

Cong Xingshun, Wang Li, Zhang Mingwei. Preparation of Fe/Cr—
pillared  montmorillonite by  hydrothermal — method —and its
characterization[]]. Industrial Catalysis, 2006, 14(5): 61-64.

[13] Zhu X X, Wang L, Gao W J. Study on preparation and interlayer ion
state  of Fe/Ni pillared montmorillonite[J]. Advanced Materials
Research, 2014, 873: 267-272.

[14] Salerno P, Mendioroz S, Lopez A. Al-pillared montmorillonite—based
NiMo catalysis for HDS and HDN of gas oil: Influence of the method
and order of Mo and Ni impregnation[]]. Applied Catalysis A:
Genaral, 2004, 259: 17-28

[15] PRSI ST 70 Fe/Cr-Si FEAE S A0 Y il 5 AT K B B 5E (D).

By INARBHEIC# A2 5P TR B, 2006.

Cong  Xingshun.

[t}

Studies on preparation, characterization and
application of a novel Fe/Cr—Si-Pillared montmorillonite catalyst[D].
Qingdao: College of Chemical and Environmental Engineering,
Shandong University of Science and Technology, 2006.

R L DA AR S s AL ) A R g b KRR T R BIESE D). T T
JTPIRAA, 2004,

Cao Yuhong. Study on preparing modified— bentonites by microwave

[16

—

radiation and its application[D]. Nanning: Guangxi University, 2004.

[17] Booij E, Kloprogge J T, van Veen J A R. Preparation, structural
characteristecs and catalytic properties of large—pore rare eath element
(Ce,La)/Al-pillared smectites[J]. Clays and Clay Minerals, 1996, 44:
774-782.

[18] Pinnavaia T J. Intercalated clay catalysts[J]. Science, 1983, 220
(4595): 365-371.

[19] IAREIR, PR, SR SIS 1 m e ke D5 A0 AR L. i fl
1, 1994, 15(3): 195-199.

Da Zhijian, Min Enze. The aromatization properties of platinum
containing  cross—linking montmorillonite[J]. Journal of Catalysis,
1994, 15(3): 195-199.

[20] Mao H H, Li B S, Yue L. W, et al. Aluminated mesoporous silica—
pillared montmorillonite as acidic catalyst for catalytic cracking|J].
Applied Clay Science, 2011, 53: 676-683.

[21] Luis A G, Miguel A V, Antonio G. Treatment of municipal leachate of

landfill by fenton—like heterogeneous catalytic wet peroxide oxidation

Bl 70

using an Al/Fe pillared montmorillonite as active catalyst[J]. Chemical
Engineering Journal, 2011, 178: 146-153.

[22] Kanattukara V B, Moon I K, Moon S P, et al. Selective catalytic
oxidation of H.S over V,0s—supported Fe—pillared montmorillonite clay
[C]. The 6th International Conference on Environmental Catalysis,
Beijing, September 12-15, 2010.

[23] Kanattukara V B, Dong K K, Han J C, et al. Synthesis of metal-oxide
pillared montmorillonite clay for the selective catalytic oxidation of H,S
[J]. Journal of Industrial and Engineering Chemistry, 2010, 16: 593—
597.

[24] Zhang A Q, Zhang R B, Zhang N, et al. Synthesis of new NiO-SiO,—-
Sol pillared montmorillonite and its catalytic activity in the hydrogenation
of benzenel[J]. Kinetica and Catalysis, 2010, 51(5): 710-713.

[25] Chen M, Fan L P, Qi L Y, et al. The catalytic combustion of VOCs
over copper catalysts supported on cerium—modified and zirconium—
pillared montmorillonite[J]. Catalysis Communications, 2009, 10: 838-
841.

[26] Bodman S D, Mcwhinnie W R, Begon V. Metal—ion pillared clays as
hydrocracking catalysts( Il ): Effect of contact time on products from
coal extracts and petroleum distillation residues|J]. Feul, 2003, 82(18):
2309-2321.

[27] =8, b, Beirst, 45 BREAXUA I SUAE I 1O L —Fenton [
FRAEIRI). AR, 2010, 31(3): 317-321.

Gao Jian, Wu Ling, Liang Shijing, et al. Photocatalysis— Fenton
degradation of phenol over Fe-Al pillared bentonite[]]. Journal of
Catalysis, 2010, 31(3): 317-321.

[28] Morfis S, Philippopoulos C, Papayannakos N. A application of Al-pillared
clay minerals as catalytic carriers for the reaction of NO with CO[J].
Appl Clay Science, 1998, 13(3): 203-212.

[29] Perathoner S, Vaccari A. Catalysts based on pillared interlayered
clays for the selective catalytic reduction of NO[J]. Clay Minerals,
1997, 32: 123-134.

[30] TH%, 2R, M, 5. R 152 G ORI BT 3 e e oA
RIS YW B T (487 FH (] HuERIE2, 2005, 34(6): 626-634.
Ding Xuejun, An Taicheng, Fu Jiamo, et al. Study situation of pillared
clay and its applications in the environmental pollutants treatment[J].
Geochimica, 2005, 34(6): 626-634.

[31] Wu P X, Zhou J B, Wang X R, et al. Adsorption of Cu— EDTA
complexes from aqueous solution by polymeric Fe/Zr pillared
montmorillonte: Behaviors and mechanisms|]J]. Desalination, 2011,
277: 288-295.

[32] Chen J Y, Liu X L, Li G Y, et al. Synthesis and characterization of
novel SiO, and TiO, co-pillared montmorillonite composite for
adsorption and photocatalytic degradation of hydrophobic organic
pollutants in water{]]. Catalysis Today, 2011, 164: 364-369.

[33] Zhou J B, Wu P X, Dang Z, et al. Polymeric Fe/Zr pillared
montmorillonite for the removal of Cr( VI) from aqueous solutions[J].
Chemical Engineering Journal, 2010, 162: 1035-1044.

[34] 515, KEIT, SFIUR. TOHL—A HURE S XA i B ). 4
BRAk2, 1999, 28(1): 58-69.

Wu Pingxiao, Zhang Huifen, Guo Jiugao. Adsorption of phenol on
inorganic—organic pillared montmorillonite[J]. Geichimica, 1999, 28(1):
58-69.

[35] ARLT, WL, %%am;ﬁ/ ] X K A WL S R P RE AT S
[J]. AEET5 YR B R 54, 2006, 7(6): 92-95.

Shao Hong, Pan Bo. Study on Fe—Ni modified montmorillonite
removing COD in waster water[J]. Techniques and Equipment for
Environmental Pollution Control, 2006, 7(6): 92-95.

[36] Zeng X Q, Liu W P. Adsorption of direct green B on mixed hydrooxy—
Fe—Al pillared montmorillonite with large basal spacing[J]. Journal of
Environmental Sciences, 2005, 17(1): 159-162.

(e E448)



