FERE: kF 2018 £ %548 % £ 12 H3: 1432 ~ 1451 OPIEF2E) Zekdt

SCIENTIA SINICA Chimica chemen.scichina.com SCIENCE CHINAPRESS
. o S - s s CrossMark
DR R ERER N R YIB RS TR I 60 S T

M s A R SRR

- . N 5 ¥ <, *
g, £ REE, 259
rh R R 2258 22 PN AL 2 BT 50 B H N 48 2 BRI T A B R SRR, 22 M) 730000
EE AN
*#INE#, E-mail: jpzhang@licp.cas.cn; aqwang@licp.cas.cn
WcRR H 3A: 2018-08-23; B232 H HH: 2018-09-14; ML AR & 3% H#: 2018-11-27

R R A QRS 17IRSRA306). HINE AR 4 ERIH G5 18TRARA00)FIE K H AR =5 S ('S 51873220)%
B

BWE  WOEA (attapulgite) & — KA —HWRFE X ERBERBHF LT Y, BAHKERBHREN.
MAFE R TEEER, EAEENERMBERY., KT, FR. Rt EREGHHEARFET 2
B TEK, MEEARUBEARBRELR, RAUDLEET MRS R RRERT UG R RESD
MEAUKRER, ANRETHERZR LT WNHRR T RN, ZATHELT UM RS R RRE. WlhEs
Rk RAGRIAET — Koo t, AR LA R REEAGAP K E AR, ©r] DB H
KAEMARMA AF. B, WhEa RAMATH eI E”, LAT LT UMK
REEL . AXENBU LB REEMAEMERNER L, ER5R T UDLELBRREE N RN, EAH
B AR AR RIEAMR ., RO REME M. HERE. EUMEESHES
HHRHFARLR, FRETUOBEARSARUE AL R R, BEAULEL T ELMBE LT W R LA
REATRHEY BT X R B Hh AL 5 TR PR AL

X WOBE, KEE, LR R, L, REAR

1 83 X
I A R SRR S, LA
A UM 27, palygorskite) 2RI Ak (RS MOWRBHPERE. TReiRbE RS . ARM T Al A Rh 35 1 A,
EORNRERE L, BN, B AT, BER. TR HHL T
TR, W SRR, SR ER . SR PACRTROH PRI T 2 2
2070 nm, KFEH0.5-5 um. MR IESE . Al ZREM TR, BRI . WA M
L PR EESSHUU EFBAI, B  ORL ik IRIRAUBEE AR SRR, M
TSR, (LR IE R, ST S RHATS0% BB,
DLE, FEAMGET ARG SRR E I B AT BT S RITT R0 TR0 U4 H), BURLAL R

S| Wang W, Mu B, Zhang J, Wang A. Attapulgite: from clay minerals to functional materials. Sci Sin Chim, 2018, 48: 1432—1451, doi: 10.1360/N032018-
00193

© 2018 (hERE) FEHL www.scichina.com


https://doi.org/10.1360/N032018-00193
https://doi.org/10.1360/N032018-00193
http://www.scichina.com
http://chemcn.scichina.com
http://crossmark.crossref.org/dialog/?doi=10.1360/N032018-00193&amp;domain=pdf&amp;date_stamp=2018-10-23

rREFRRE: L2 2018 4E 2B 48 % 3B 12 1

46 T20tH 280EAX.  FRE M ™ Fe A i 7T 4R T-201H 40
SOFEARYI, 20004F 71 J5 LI ToAL N . dE sk, HhiE
BRI B AR R I 2 D0 7, R R R N FE A SCT
WS 12 A R R SR 60% LA L, FEMT R A
P e AR B T e s R TR A AN i T R AR
BFF R 25 7 T 9 i [ Bz i .

U] AN ) T B K R, AU e S T
I, AR LA ILE, fLERNBAK. B
REAKFIZERK, WAFE T ZFLEEM B, BB
FUREFL, T ELE S EL R i R T8 300 R0 2 T v PR Ak B
FRFRHE. FTLA, BERTDURIF M1 e A A g AR T PR A,
AT DL YUK FLIE R TR R, TERM ST Th Rtk
A SRS, R, IR ™S A ThRe AR
FUHA TR,

A SCAEA BT A 25 K S B A 1 T s Al b
Mgl T AN AT T O R, B RIR T
(U] T A AR R L A R R 2 ) BB A R AR
(P AARE . RARB R, it REME &M
Bl ERZE . AR REIE A LSS T TH M 7R,
FEREEE T U A 9K T BE A RIE ST R T 5

2 YRR S R AR B

TU] 7 g i A D R A 8 ) SR A FR P AT Tl )
Fek S DY T A U A R, R R S DY TR ) AR T (1)
e 1) (B S DY T AR 1) T A DU AN — 20, B A B
H. T AR T4 BRI (010)FI(100) ST 4 W, 5
Mg(I). AL(IDEE )\ THARZH B 73T B Az, 8RR %
S 11 DY T AR J2 R0 AN S 8 1\ T A2 )2 BRI . 945(0011)
77 18] Jo BR A A 1) 2: 1 R J2 5 e, e rb DY A BRI 2
[ BE B 20°80.66 nm, 5 2= BER DU AR SE AL %
B ZPoTE A Si-O-Sit R, BRI R~ A
0.37 nmx 0.64 nm 1 AR FLIE (1 1),

U] 'y e R R 18 25 4 5N S1gM g sO,0(OH),
(H,0),+4H,0, H/)\[fiAAr B #HaMg(ID) G4, &7y
(= )\ >, ART, T2 R BRI %, —
6 = A BB - WAL A Fe (D) &6 20 BUAR 1\ AR A7
B ErMgIn), R\ e = )\ T i i 45
UL BRI, SRR I A R R PR A
W RAFAE— € 2 5. Drits?5° 7 Bradley 19404F42 1 1)
e R 2 R IR At b, AR 5 240 [ ot 25 AR R A

o<l
™~
o
=

«—— csing
s
P

B 1 () MMEEASEIS001) 5 AR ERE, dod
FEE] 3B A — AN EARFEZ G, (b) M ARG
S (W 28 BRI

Figure 1 (a) Projection of the monoclinic attapulgite structures along
the (001) direction. The box in the centre illustrates a polysome; (b)
schematic basic structure of palygorskite [2,3] (color online).
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Figure 2 (a) TEM image of raw attapulgite and treated attapulgite by associated rolling/high pressure homogenization. (b) 1 time, 30 MPa, (c) 3
times, 30 MPa, (d) 4 times, 30 MPa, (e) 5 times, 30 MPa, (f) 3 times, 0 MPa [11].
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Figure 3 Proposed mechanism for the transformation of attapulgite
nanorods into smectite nanosheets [27] (color online).
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Figure 4 SEM images of (a) attapulgite and (b) mesoporous adsorbent, and (¢) TEM image of mesoporous adsorbent [32].
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Figure 5 TEM images of (a) attapulgite, (b) Fe;O4/polyaniline, (c) attapulgite/polyaniline and (e—g) attapulgite/Fe;O,/polyaniline nanocomposite;
SEM images of (d) attapulgite/polyaniline and (h) attapulgite/Fe;O,/polyaniline nanocomposites [71] (color online).

1438



rREFRRE: L2 2018 4E 2B 48 % 3B 12 1

HEHR. TRAEHE . KFR. MiE RS
FEGRLIN T . BRI AL B LB EER.
BRI, R s R T R B R0 T ARSI £ i
FEAREE W THEETFEAEARFNS TSR,
SR A T A B T B 7 6 e R B
K, Zhou™ S LLBF ST T S A UMb L ISR
o] ) R 2 TR B K AE IR I B AT, RIS
0 AR I R S B, BRI SR 1
BRES. AN URRZE BT A SR U] B A 5 A AR A
BN, QU T TR ARBEAS B A 70, Sl T %) 8
55 2 2 A K A B M I 1) v R 2 B

5 MG SRR AR

TE5 K FVERRE, TN b n R AR E T
R = AE PG HER, RIS N, B
R AR RIS Al AR R R RE I A, T
RS BT LAE R I e e IR R, RIS
It AT S B R PR TR e, AN BB Sl K AR R I
A, T EL I AT AR DT A R B, R R )

Sawyer " 'E 196 14E 2 H £ UM B A7 vh R ITMgO
B Mg(OH), " #& A B, ik ZiTHE%. Mar-
tins"**/7E 19864E 4 ! T N ABaOE{Ba(OH), K #7272
BT, R FH B D7 VRS U s A R SR AR R B, Xt ]
Y A FE Al Ve S AR R P A T R s
e ORI i AR e, AT — B8 TR A
BMOESEE M A R G BRI
AR PERE.

MR A d AR L B R 3R - FE RN R
TH] H A A2 R IR AR PR BE R B 2 IR 25 AR, R AR MY A
F R R 2 DR AR AP AE, IRMELE K R4
B R A AN BB T LR 8 R IR AR I 2 4544, BT AR AR
M N AS Re EAE AN W R, 5 2T
Y E G

TERRL ToPdr o I A it R R R A b, 3R
I 1 Ty A A it SR AR 20 R SR T UM — Ak T2
L1 W 117 =9 S8 711 (3 2 IO N i 3] E A S
et AP B Al o
[T (Y A B R R A Itk RE PRI 2R A 3N v s 35 I A FH
N CIE 1 T T = AT e i - ) A LI FLeY
AN, o5 e A1 BE AT FEL R T PERE. SR

TR o T oM M e A, B R AR TR A AR 2, 7%0K
BT R e B B P 143636 mPa s, IAF] T EELHL
BRI R, I B A A e A H A
P N B T SR

6 M ThREAALATRE

MY A T BEAS AR 32 R T U1 e s
HIFLIE S AN R, DAY, (A BoR M SR
THREMRE,  BLFE MM A AT HL-JE LA AR P A
BURL 2 A PUER 7H)S5) AU D A TEHL-TEHL AR A A KL

6.1 MM AHL-TEHLAACH

6.1.1 M1\ Ay REDHE R BOR

FYHE R B R N i P R — ey
BL-TEHL AR, T2 e A A A, 3
TENAGE 2 B T REm ., FRas ez, BAEER
PrRRIRELE, ShEE TR MRS Sl A AR
Pz RiEPY. Rk, ORI B T T
33 735 P HE S UIE S R E U ) A R A 9% S 2 A
RIS R} 2 LTS B 4, S By
PR (KB, 4 IR 0 P 2. kAR P41
RABETCE AR A N A HLRR > 7 5 M A 1 AL
AL L, il 2 7 R R A IR 2K =
N3T%IS HEAT B A PR, BRI o R T E T B R )
i, SCArfetgerl e RN PR FLIE, TR
SE AL, R ST AR AL, 15
B 7 BA USRS M R VT R A R HE R

FEBLFEA E, IR A UK IR R 5 MR
FRIFEEDRIAL &, fil % 7 ORFE K B ERES
TSR BHRAREIEIN, B T
TS VR A R o T AR AT At 1), D S AR T
RO AR E PEAIA SRR E 1. AR BLIEA 1, AT Tie
) 8% 1 S T b A RS i 5K P IR 1 TR A 2
FEGEBURL, T T A% SR I HE R R} B 5 AN
LiivAcad

612 [MIHEA LB AR

RARA HLGT B T ZEAEIR D T A VLT RN T
T RATAEY. Hoh, ARSI A PR . DUMAEY K
PURBEIRFE, Hi THERMER . 27 SR i

1439



B9 'e) & RLIWE > SHPIN 7/ g S ERvl et v

B M EZ, IRE S RIETERIUAE . FURBELE,
HONHIAE — R B2 3 7R MR B R
AR B A T A P e, AT AR ST AR A, (HH
AT T E B fEBAR . . B &R B T BBl
FHORERTRI A 48 A B S O i K B B JE BL BT R M
RIS 3 T e AT WL T A B AR B T
/b, Lei®! " B T A 4 1 U HE A /2R T
AORACTTREA L, (EHAERAEDUR D RE M A A R
HFAOTR A TRTRHRE AR, CaiiE bk e =
BEBA IR I 8 T M R A AT RGE K TR DT I
R, AR RAT RS HE R DR BE T MEBAR I AP B

6.2 [t TEHL-TEHLA AL R

[ Y 5  TEAL-TEAL A2 A A L — M A2 $5 7E TC AL AN
b S AR YN S K2 b N A e R | AN LI LY & S 25 v
HBGe K ALY CHL-TEH LAt kL, H A 32 20
FACEURL N .

TR, AR E AFR 5] k) KR AR
e 01T A = = Nl L N S X R A e
JI, RIRES A W A BB B R TEAL A A UL 1)
B R A R —. AR e S e A
(U " A Ay 3R T SR AT S SR ER AT B, B iR e
FEAUH] T UM 8 R Z A BTRl, Ty A AN
AT B AES WS AURH ) A2 7= B FVBR IR BT, 1b ] 5 S5
WGP IR RV, A R0k 1 8 9 Kok 1
TE iR A AR P R R A Sk RT3 K. AT LE A%
WA T AN TR 3 0 ) %o il W IOk 0 €8 1 R 1 52 ) R
OV ROR T R R T 5 B T A 2 R
HLEE(EI6)! ™ b, DA b A IR, PR -k
R O sl A g O 2 T 43 1) 67 A s ke 1 T IR
R, FREE EIRIBE o A HIAS T U™ W B s R U™
B R FACEURE, Y A A AT B AR 7= AR, 1A
BRI, I KIEHR TF 1Bk i AR £ B0k} 1) i R
P R A

7 MMhREAIREYIREE AR

T b A £ SR S A R £ di AN Th BE AL A 7 T
HATZRM, e BoK R IR = 25 0 2% % B
Al PREGE. RERRAERL AV AR
B RE N MR RAE 5 T

1440

7 e %35
&=
/ 17 2 >m00
%, o %?&%
o |

® Co*  ® CoAl DH
O Al¥ @ CoALO,

Bl 6 BiLi /e A AR T T LR (%R
F )

Figure 6 Possible formation mechanism of clay/cobalt blue hybrid
pigment [106] (color online).
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Figure 10 Schematic diagram of formation mechanism of carboxyl
functionalized attapulgite/carbon composite [176] (color online).
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Attapulgite: from clay minerals to functional materials
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Abstract: Attapulgite is a kind of natural one-dimensional nanomaterial. Attapulgite has unique nanorod-like crystals,
nanochannels and reactive groups on the surface, and has been widely used in many fields including agriculture,
chemical engineering, environmental protection, adsorption materials and composites. Recently, the disaggregation of
the crystal bundles of attapulgite into mono-dispersed ones has been achieved, while keeping their environment-friendly
property. This has changed attapulgite from clay mineral to a very interesting nanomaterial. With unique nanorods-like
crystals and nanochannels, attapulgite can be used to prepare nanocomposites via the crystals and reactive groups on the
surface, and also can be used to prepare hybrid materials via the nanochannels. Attapulgite is the new focus for the
preparation of diverse functional materials. Thus, it is now pertinent to give an overview of the recent progress in the
field. In this review, we first overview the structure and physicochemical properties of attapulgite. Subsequently, we
review the progress about disaggregation of the attapulgite crystal bundles and regulation of attapulgite structures. We
then focus on the development of attapulgite-based functional materials (e.g., adsorbents, colloidal materials, hybrid
materials, polymer/attapulgite composites, bio-inspired materials, catalysts and energy materials) and recycling of
attapulgite. In the conclusions, we summarize the progress of attapulgite-based functional materials, and the challenges
in the field. Overall, this review will hopefully promote the development of attapulgite and attapulgite-based functional
materials, or even the clay-based ones.
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