A 19 o Joo KUANGWU YANSHI

2025 4F 55 45 &

MINERALOGY AND PETROLOGY

WA R FLIE

Bl & dr, [ I F
% B I RARTHF

HkE

FE53ES.P578 XEkPRERD A
TEHS.1001—6872(2025)01—0024—07

DOI:10. 19719/j. cnki. 1001 —6872. 2025. 01. 03

WATBHFE RS, A ERF A EL T

B1W.240—30  BWRES TRET

INEY YEEX

2T B 210093

o 4% 1 K& Hudik : https: //link. enki. net/urlid/51. 1143. TD. 20250303. 1853. 002

SR A S B, Bk LB S R R Y i ). ¥ E R, 2025,45(1) : 24-30.
ZHOU Jinhong. LU Xiancai. Tunnel Structure of Palygorskite and Its Environmental Mineralogical Significance[ ] ]. Mineralogy and

Petrology.2025,45(1) :24-30.

[ EY 4otk LA -4l
W, 2B T ELEG EAAIG RGIRE
N ESAEREE SR F S, E IR R e IR B AR

LA L NRRBA T NARE, AXMFEET X THREBLHE
Koy ERE A Fodh DK A AEREHRE ATILT Eo A5
éﬁﬁ%zﬂiﬁﬁmﬂ‘ﬁ%ké‘a %Fué L Em AP LERGRABAS)HILE M4

GNBT % oILE

LKA AN E i afFlig
}%ZJJ%‘H}];M%?@Q‘( N, EX

[58iRY ds o L 24,308 K

P2 A7 CURR T ™Y B A7) S — b 35 7K B 1 ik 1R
BEET Y. RT 2 1 MEEEREW LG
WAGEE Y . P20 f R S5 i AN 3% 2209 /i AR
J2 03 S8 1 D T A 2 AL W e il (001 Ty ) HE i,
T T BLARR IR (AL 4548 . B 2 A i 3 ARk 2= 200
Mg, (H,0),[Si,0,, ], (OH), «4H, 0, 3 & T =Fh
K (DEERIK GRIE OHD 5 (2) 45 ok, 5 L8 0 %
Mg JEF BRI K s (3D kA K . 326 A\ I MR 7
I Mg LD fi B 8 52 B ™ B 28 5 )
i ARG, 38 2 = BH & 40 ALCID Fit Fe (D
SRR A B Mg CHDD T8 5L = /T A 5

Y5 B #8:2025-01-09; 2 B H #8 :2025-02-18
EE&TB :ERARBFIELSTE JIHES . 42172050)

MG ET R REBLT Y, AL EAGRK
CH AEZHNREAT T M., O TR AKE B,
sAE MR EMOFRERR AL, L L % 535018 A

VR WM AR 4T 09 4%
B ah AR 4e

A

LML Ky TRMALGRE, R
TR A LR R IR % B

L) & T8 A b AT g L E

NEFFeKyFEHEG S ABLBEE AT LR I, S % 6 st 3LiE I"]éy\%ﬁ B
AR A E AL —FRF TREBILE LM RET HF
sIRIEH M
T/ EONEAGT LR WA AR IE S

TR FLIB G50 & B R L Tk )z .
o B R ) 6 S FH A, 3 2 A 1) R L T 25 A R )
K RUSF A SR A7l A B o L B AR R
PRI JH: 2 17 sz o7 PR R R Bb 3% 1T AR L 3 26 A Rl DL A
L% 21 = NN S ol e ) R AN S = 0 |
255 T A 5 T B A N O o e AR T
ERE, g B s K b A R A LTS G DL A
SR K A B R A A Bk 2 T R
Bii5 e i R0R BLE 2 o O L Bk
e oA AR R BR R 5 R A E IR B

F—1EEBN RS, &o,37 B L W BE T B F DT 0 2. E-mail:jinhongzhou@nju. edu. cn

BISEE MBE. B

24

+ 53 8 HAR (W AR R HB B2 ol BIF5T 05 1) 07 W 2 ST M BR A 2



WYIAEA 202548 A5 HE H1H

PRWIIF I R B IR 3222 4 A A2 3 = R 36 L 3R =T
INIFRG ZE RO L BT R I 9 A b © R B — R 5
KA AR RS 25 R B I a7 R
it 50 %0 LA BB R T I R o 4 2%
A R 63 2 BT SR AR 9 R RO &
X R E 20 kA HEE L.

W 25 47 B B2 M BE R IR B8 1 ) 2 IO 1) 32 il
T HoploR: 0 SR 4548 . Bradley (1940) i R IEF
X SR AT S 4 (XRD) 8 37 T 3 26 40 JRt i &R B
AL, B 2 ) BE S C2/m) 7, JE K, Christ %%
(1969) . Drits I Sokolova (19713 33 XRD 43 #7
INT Bradley $i H 9 35 26 0 45 04 18] i & B0 33 2% 0
A LA IE 32 A B R B RO AR R B A A
TF 5 1R M A 2 N A0 4 R LG 454 — A Sl fL B
PR K A3 F o B 5 7K F e B P 5 3R 3 A A T AR
A R S (2014) & BB 2k 0 m B &
300 CHEEL LG HALEL M S kAR & 0]
DL TE 7K R DR A 3 2 A it U 285 K R R T 2 1 o
BiRRIT, AR, B T oA R d /N LI RS
JIN 3 HE R 5 o 1) L T 25 A B BOF 9 A AR S L
B XRD 2544 73 Bt A0 H:Ath 535 2% 43 B AR M L 322 3 AE AL
TN RGOSR . I AE R L B A3 T AU R S 50 B
BERUREE 256 BT 326 0 R 25 4 1 WIF 58 LA T
— RYVHT

IR & R I Q= ]

Sy R ASLIES TR FEEA T
A7 5 A0 ) 20 B B R X P& AT 8. Glustetto F
Chiari(2004) fdf ¥y R v 17 565 B0 x5 im AL 1R &
AR IE A B 26 A1 BE S EAT T Rietveld 4046, 3645
T AT KA TFAS ) A3 A ) 4 LS (D 5PN S54
I U (2) 5 —ANFALAIE A (D FEE AL
7S JC W M7 B (4) fLiE P i B . Post 4%
(2008) FI I [7] 25 8 5 fy oK X 95 £ 437 5 il Rietveld
K16 43 BT AR AT T A LA AT 52 30 0 T 0L 1) 39 2% 4 fL I
FEYLVETAERR THE AT HF A WA HO
B CEL D S5 — AN B il % Mg B Ak 5g 0
BN ERMAREATTAER., X TAESH
8 L T8 43 A 45 B RH X W, TR S T AR AR R WX fLE
PN 43 A1 B S 1Y S TR 4R

b5 ZE 0 Wi )13 ClayFE* 32 K3 &, 4y
TRALL J7 5 0T 46 N AR 22 B0 A W R AE 5 b
VLT3 712 771 (molecular dynamics simulation, MD)

© Bw
@ Zwl
@ Zw?2

@ Si
O Mg

B R4 B ARBG KRS A B
Fig. 1 Distribution of zeolite water within palygorskite
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Fig. 2 Palygorskite pore water distribution model
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Table 1  Self-diffusion coefficients of various water types in
different clay minerals
Fhi L AR kA AP AR/ (m' s D
W% B £z 7k ~0
AR L15x107 1"
e & i fv2. 7K ~0
ALK 8.62x10 "
TR B i £z 7k ~0
Ak 1.54x10" "
e T ~0
BRI A EEPIN 7.7x10 "
FWAa JZ 1) 7k 107 1"~107"
PR AHIK SPC ~10"°

3 WEBWIAHIEY ¥ N A

W2 A Je ) A L T 0 BR SEAT ) A RE A
o SIS R gk A Kk 7 B AT AR i A T
Bt 4R B Cn Cu® L Cd™ SO mRE L Rk
A AT K AL ORI 3 s g LHER B E AR, B



WWHEA 20254F F45% 1

L A R BT A B B — B AL i A
HESRBE TG AR L ALY, FEook%
(2006) #fE B Cu™™ B 7 RE 0% F A FL 38 I & 98 £ i
VAVt YA WA RN 4 TR VARSI R G TR P & 14
242 Na™ B S/ (Na™ = 0. 235 nm, Cu*" =
0.205 nm) "M SE 4] DLk A LI IF 8 1 )
S km kA LB PR ES Na® 94
B, 3% 5850 6 25 (2006) B M — &, B, &
SBE TR YE T Na 81,06 s B A%, mi
KA AR R L /N T3 2 0 LA L i 2 DR 2 fil 75 0k 2%
A A ] BEE I T 4 S A L W B T R R 4
IR YEE e )1 . B =45 (2000 X JLFF Mg /AT
RGBS AIEIT THESEE C M Pb™ )
BRHIF 9T . & B Mg % bl sy, b Cd™ " W Bk 4, Pb*
WA R . FRAT A B 45 SR & B\ T AR A AS [R] T
FLIB K4y 16 Bl A — 22 (5% i, RS2 56 A9 & Bt
EWIA . RATE S0k BRI 5T S 26 1
SR 22 145 R L S0 1 T LA e AL 5T AN [ e X
S 2% 0 ) 4 T I W R i

ol 2 A0 1 20 K AL S5 038 B /Ny R
PEVS G W B D . PR R BRI R G5 T
0 A Wl 2 v B I BRES L 2 B A 2 FL B K Y
Il 2 A K Y R AL R R T RIR S A X s
/N1 29 0 o b R T 43 L B i AT L
WA K R AR Cln U5 A D SO AT R AR e A
TR B T HEAFLIE . A A K i3S B M H AR
KA 1-2 DR CGE D AE AR IH 5 3888 5 1 K 4
T 22 [E A TE B 25 14 W B A, B K 43 5 FLE K
SRS AT e s A0 VA T M A BRBE oL X /N4y
TR 5E A AT BE 5 AL Wb A /K 58 e i E A FLAE
IF i AFLIE A [ YRGS AR

UL AR B TS Y W Y b BN BB R 2 5 TR
AU [ 9 T A9 A TG L 1 ) A R R A T S
T Y2 X T G W B e LR B R L
TGy e e A AR B R B R AME A B
SRR EAL Y R, AR A A L

£ % 3Tk

SR L7/ IN T B ) e 17/ I 7 e S 2 S DU RSN 7
B N BEAF AR AR B . £ 2 B PR
B 39 2 A X R T T AR A AR A B R A A L T L
W B A0SR AN 52 B 3R B8 pH (B A1 H il 35 47 ) 5 1Y 52
W E Bl G I Bl 2 T L R A R R
MR PE s Chang %5 2 3 3k 26 41 B 0% w5 A0 Ff 1Y 37
W ARCR 32 pH BRI 155 B 5 e AR R A
TEY LA FLIE SR o SRR oy R W 2 A e
TS By 9 W R I T AT SE B B 9 1. BT
Gely— SR HAT BRI 70 1 45 M uU5 2% RE A (AR
B 7 A IR AE) AR A A T A R B A R R
B HR T RE S HE A FLIH L 38 B AT B4 09 AR IE 4.
% B W 2 A A E R AR IR 26 1 (5 00) FLaE ik 7 7K
ARE TR FEWPIRZS AR VDB RBESE R S 26 T L 58
T A7 7K A 38 2 A L TE R TGV 4 0 43 1 ROST AR X 85
RESE PTG BB 5 e oy TR Z R, 70 1
RANFIRR A5 1 2 S AR K 3 2 Ay LI R 78 X S 2
15 5Ly BA W B PR T 23— E 9T

4 FAEWEPE AT RE

Wk A FLAE P K o3 1 o0 A i R Bl B
B 1) 90 O BRSO R o 3 A KA R R R 19 20 A s
Ao TP 2 A FLE Wl A AT A A L EL AL
A K A — AL AR 2 A LI 45 R X
Na ™ 8 T4 B EMEN KGR ENE SRS T
HE bV AES HE A FLAE L (E el 2E A B A1 K FE
(4 fLIE Al BEAFAESh 1“2 s . k0 SA LIS RY
F/N T3 145 5 53 1 A O 20l 475 2 1 il =2 ik & 38 2
A1 R B ok S 73 14 I BRSSO G o L g
T3 AL 1 TC 3k BEAT RAL L 52 me W B4R P B 3= 2
Yy AL A PE TR0 R GERIT T S 2 0 A o 1Y
SRR — BN T X Ty T R IR e B T
[7] 20 8 55 114 53 M7 B R AN T R AR 2R 43 B4
RETTHY BRIV A7 B — P 48 /R 2 4 1 X PP 4 )R
TSR EE RS .

(1] ¥ RGP ERLM]. J05#0F H R 2021 1-660.
WANG Ling. Principles of Mineral Material Sciencel M |. Beijing : Geological Publishing House,2021:1-660,

(2] DFlun,z EH, BE2H, % BRE/REIREZE a8 500, B AK, 2007, 30(4):302-305.
LI Shuzhen, LI Zhen, HUANG Yanjun, et al. Mossbauer study of occupation of iron ions in palygorskite[ J]. Nuclear
Techniques, 2007,30(4):302-305 (in Chinese with English abstract)

[3] Guggenheim, S.M. P. S. Krekeler. Chapter 1-The Structures and Microtextures of the Palygorskite-Sepiolite Group
Minerals. Developments in Clay Sciencel M]. E. Galan and A. Singer, Elsevier, 2011,3:3-32.

(4] BN, SN2 a MR B A G E SN AT F=RPE5F B, 2009,(2):11-15.

27



T

JE G 0T, 45 B B0 LB A5 B OHER BT ) T X

[

(5]

[6]

7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]
(19]

[20]

[21]

28

YANG Yali. Development and application of Guizhou palygorskite for environment-friendly daily necessities[J]. Conser-
vation and Utilization of Mineral Resources.2009, (2):11-15 (in Chinese with English abstract)

ol ESCH, EEB. MM DA B B TSR T, & Tl . 2018, (8) :87-98.

DONG Wenkai, WANG Wenbo, WANG Aiqin. Progress in functionalization of attapulgite and its application in adsorp-
tion[J]. Polymer Bulletin, 2018, (8):87-98 (in Chinese with English abstract)

BB, BRRIE, PR, B A /MR R ALY/ TIO 6 ek MM RE LI i (1], BRFWHEFEEK, 2009,28
(2):185-190.

GAO Wei, CHEN Tianhu, QING Chengsong. et al. A study of the photocatalytic properties of palygorskite/ magnetic i-
ron oxide/Ti0O, composite photocatalyst[J]. Acta Petrologica et Mineralogica. 2009, 28 (2):185-190 (in Chinese with
English abstract)

XVEEE . BRI, sRSETE . S B 300 R 5 i 1k 500 e £k 24 A A= ) B SAk fE ot e ge 52 e [T . B 4R, 2010,31(4) :409-
414.

LIU Haibo, CHEN Tianhu, ZHANG Xianlong, et al/. Effect of additives on catalytic cracking of biomass gasification tar
over nickel-based catalyst[]J]. Chinese Journal of Catalysis, 2010,31(4) :409-414 (in Chinese with English abstract)
O, AR5, B2, SRR asA-MY AR LA RE TR rERELT]. EEBEE®, 2018,46(5):731-
738.

MA Zhiyuan, ZOU Xuehua, LI Hongwei, et al. Catalytic cracking properties of toluene calcined dolomite-playgorskite
clay[J]. Journal of the Chinese Ceramic Society, 2018,46(5):731-738 (in Chinese with English abstract)

Mr o J7. FAZE, XUAESRS . 5. MR A TE B LB 2RI Ab M U R AT ST R SR [T, S E R, 2024,39(4) 488
492.

CHEN Fang. TAO Yingtai,» LIU Yameng., et al. Research progress on attapulgite in the field of food,medicine and cos-
metics[ J]. West China Journal of Pharmaceutical Sciences, 2024,39(4) :488-492(in Chinese with English abstract)
EZ®, FP, A& R, FOREMMNEAR LT YA IR S RET]. BFEHR. 2022,67(22) :3411-3424,
WANG Aigin, LU Yushen. MU Bin, et al. Research status and prospects on overall mineral use of mixed-dimensional
attapulgite clay[ J]. Chinese Science Bulletin, 2022,67(Z2) :3411-3424 (in Chinese with English abstract)

EZE, STk, REW, & M EATES YR IR b EHE LT, AR Tk, 2024,45(10) :1-9.

WANG Aigin, LU Yushen, KANG Yuru, et al. Research progress on the applications of attapulgite in animal healthy
breeding[ J]. Feed Industry, 2024,45(10):1-9 (in Chinese with English abstract)

WAL, WNBL BRRPE 5. A Zn® T AR R RO B T A AR )], BEET WERE, 2004,23(3);
282-286.

PENG Shuchuan, HUANG Chuanhui, CHEN Tianhu. et al. The adsorption of Zn’" on palygorskite and the optimiza-
tion of the adsorption technological conditions[ J]. Acta Petrologica et Mineralogica, 2004 ,23(3):282-286 (in Chinese
with English abstract)

AP, BB BRRE, %, MG ALal ™M a W CF et )]). SIRIT U XZF 2R (BARZR) . 2004,
7(6):611-614.

PENG Shuchuan, HUANG Chuanhu, CHEN Tianhu, et al. Study of the properties of adsorption of Cr’" on attapulgite
activated with hydrochloric acid[J]. Journal of Hefei University of Technology(Natural Science) . 2004,7(6):611-614 (in
Chinese with English abstract)

SAME, WA BRRPE. 55, B w oK bl B R E B9 W B B e ()], RERRERF R, 2006,34(6):733-738.

PENG Shuchuan, WANG Shisheng, CHEN Tianhu, et al. Adsorption kinetics of methylene blue onto purified palygors-
kite from aqueous solutions[ J]. Journal of the Chinese Ceramic Society, 34 (6):733-738 ( in Chinese with English ab-
stract)

el , HEW, RS, & SRR 2 B K g pg R R ST e LT, (L THERE ., 2020,39(10) :4210-4226.

CUI Wanyin, Al Hengyu, ZHANG Shihao, et al. Research status on application of modified adsorbents in phosphorus
removal from wastewater[ ] ]. Chemical Industry and Engineering Progress, 2020,39(10):4210-4226 (in Chinese with
English abstract)

EEFH. MEEE G HAURM R B K il B R S PR BF5E (D], 2 . i E ATk K2, 2023,

WANG Qingqging. Study of the adsorption performance and mechanism of attapulgite-based composite micro-nano mate-
rials on uranium-containing wastewater[ D]. Xuzhou:China University of Mining and Technology,2023. (in Chinese with
English abstract)

TG XARE, RIARGR, A = 4EM R A K R B T CID AR PR AT SELT ). WL T, 2024,44(10) :10-13.
LEI Shuang, LIU Shuxia, LIU Genqiang, et al. Study on the adsorption performance of 3D attapulgite for nickel ions
(ID in water[J]. Shanxi Chemical Industry, 2024,44(10):10-13 (in Chinese with English abstract)

Alvarez-Ayusos E. , Garcis x and A. a-Sdnchez. Palygorskite as a feasible amendment to stabilize heavy metal polluted
soils[ J]. Environmental Pollution, 2003,125(3) :337-344.

M R B 75 e M B A 3 R AR SR BRI AE e m [T ], SR Tk K F 2| (AR ZAK) . 2001.24(5) :885-889.

CHEN Tianhu. Progress and problems in the research on palygorskite clay in the provinces of Jiangsu and Anhuil J].
Journal of Hefei University of Technology(Natural Science), 2001,24(5) :885-889(in Chinese with English abstract)
oWl Iy, R S, FL ONIEEEACL MR AR R JOE RALHILT ], MBRFREE. 2022,57(2) :587-605.
XU Fan, XIE Qiaoqin, XU Liang, et al. Mineralogy and formation mechanism of attapulgite clay in Zhengbeishan,
Linze, Gansu Province[ J]. Chinese Journal of Geology(Scientia Geologica Sinica), 2022,57(2):587-605(in Chinese with
English abstract)

T, A owk, AT, L MINEE A AT AR BT RE A BT, RE RS, 2018,48(12) :1432-1451.
WANG Wenbo, MU Bin, ZHANG Juping, et al. Attapulgite:from clay minerals to functional materials[]J]. Scientia



WWHEA 20254F F45% 1

[22]
[23]

[24]
[25]

[26]
[27]

[28]
[29]
[30]

[31]
[32]

[33]

[34]

[36]

[37]

[38]

[39]

[40]

[41]
[42]

[43]

[46]

[47]

[48]

[49]

Sinica(Chimica) , 2018,48(12):1432-1451 (in Chinese with English abstract)

BRADLEY, W. F. The structural scheme of attapulgite[J]. American Mineralogist, 1940, 25(6):405-410.

Christ, C. L., J. C. Hathaway, P. B. Hostetler and A. O. Shepard. Palygorskite: New X-Ray datal[J]. American
Mineralogist, 1969,54(1-2) :198-205.

DRITS. V. .G. SOKLOVA. Structure of Palygorskite[J]. American Institute of Physics, 1971,16:183-&..

VanScoyoc, G. E., C. J. Serna, J. L. Ahlrichs. Structural changes in palygorskite during dehydration and dehydroxy-
lation[ J]. American Mineralogist, 1979,64(1-2):215-223.

Kuang, W.. G. A. Facey and C. Detellier. Dehydration and rehydration of palygorskite and the influence of water on
the nanopores[ J]. Clays and Clay Minerals, 2004,52(5) :635-642.

BT, BRRIE . PORMA, S SR B A I S AT, HiSERT4R, 2014,21(5):338-345,

XIE Jingjing, CHEN Tianhu, QING Chengsong, et al. Structure evolution of palygorskite after heat-treatment[ ] ].
Earth Science Frontiers, 2014,21(5) :338-345(in Chinese with English abstract)

Giustetto, R. ,G. Chiari. Crystal structure refinement of palygorskite from neutron powder diffraction[J]. European
Journal of Mineralogy, 2004,16(3):521-532.

Post, J. E. and P. ]J. Heaney. Synchrotron powder X-ray diffraction study of the structure and dehydration behavior of
palygorskite[ J ]. American Mineralogist, 2008,93(4):667-675.

Cygan, R. T., ]J.-]. Liang and A. G. Kalinichev. Molecular Models of Hydroxide, Oxyhydroxide, and Clay Phases and
the Development of a General Force Field[J]. The Journal of Physical Chemistry B, 2004,108(4) :1255-1266.

Hensen, E. J. ,B. Smit. Why clays swell[]J]. The Journal of Physical Chemistry B, 2002,106(49):12664-12667.
Heinz, H. . H. Koerner, K. L. Anderson, R. A. Vaia and B. Farmer. Force field for mica-type silicates and dynamics
of octadecylammonium chains grafted to montmorillonite[ J]. Chemistry of materials, 2005, 17(23) :5658-5669.

Zhu, R., W. Chen, T. V. Shapley, M. Molinari, F. Ge and S. C. Parker. Sorptive characteristics of organomontmo-
rillonite toward organic compounds:a combined LFERs and molecular dynamics simulation study[J]. Environmental sci-
ence & technology, 2011,45(15):6504-6510.

Zhang, L., X. Lu, X. Liu, et al/. Hydration and Mobility of Interlayer lons of (Nax, Cay)-Montmorillonite: A Molecu-
lar Dynamics Study[J]. The Journal of Physical Chemistry C, 2014,118(51):29811-29821.

Cheng, H. . S. Zhang. Q. Liu, et al. The molecular structure of kaolinite-potassium acetate intercalation complexes: A
combined experimental and molecular dynamic simulation study[ J]. Applied Clay Science, 2015,116:273-280.
Greathouse, J. A., R. T. Cygan, J. T. Fredrich and G. R. Jerauld. Molecular dynamics simulation of diffusion and e-
lectrical conductivity in montmorillonite interlayers[J]. The Journal of Physical Chemistry C, 2016,120(3) :1640-1649.
Shen, W., L. Li, H. Zhou, Q. Zhou, M. Chen and J. Zhu. Effects of charge density on the hydration of siloxane sur-
face of montmorillonite: A molecular dynamics simulation study[J]. Applied Clay Science, 2018,159:10-15.

Mei, L., H. Tao, C. He, X. Xin, L. Liao, L. Wu and G. Lv. Cd*" exchange for Na' and K" in the interlayer of
montmorillonite: experiment and molecular simulation[J]. Journal of Nanomaterials,2015,(1):925268.

Zhou, Q. , R. Zhu, S. C. Parker, J. Zhu, H. He and M. Molinari. Modelling the effects of surfactant loading level on
the sorption of organic contaminants on organoclays[ J]. Rse Advances, 2015,5(58) :47022-47030.

Frenkel, D. ,Smit, B. Understanding molecular simulation: from algorithms to applications| M]. Academic Press. San Di-
ego, 2002.

Zhou, J., X. Lu, L. Zhang and Q. Li. Effects of crystal chemistry on adsorption, occurrence, and mobility of water in
palygorskite tunnels[J]. American Mineralogist, 2003,8(11):2065-2074.

Lin, I.-C. , A. P. Seitsonen, 1. Tavernelli and U. Rothlisberger. Structure and Dynamics of Liquid Water from ab Ini-
tio Molecular Dynamics Comparison of BLYP, PBE, and revPBE Density Functionals with and without van der Waals
Corrections[J]. Journal of chemical theory and computation, 2012,8(10):3902-3910.

BRR B, SBEH, 4%, KEIFERAEPMNEAS Co fEHPLEELT]. SRR E, 2004,1003):385-392.
CHEN Tianhu, SHI Xiaoli, PENG Shuchuan, et al. Mechanism of interaction between palygorskite and copper ion in an
aqueous suspended system[]]. Geological Journal of China Universities, 2004,10(3):385-392 (in Chinese with English
abstract)

BB UM 4 o %) 7 4 A B e LR VA 3l 1 AR5 LD AL B I8 Tlk oK 2, 2004,

HUANG Chuanhui. Study on adsorption of heavy metal ions to palygorskite and kinetics of acid-dissolution of palygors-
kite[D]. Hefei: Hefei University of Technology,2004 (in Chinese with English abstract)

LA, ML R AR N S A S R R E R ID]. A A Dl KA, 2005,

SHI Xiaoli. Study on surface characteristic of palygorskite and interaction of heavy metal ions to palygorskite[ D]. Hefei:
Hefei University of Technology,2005. (in Chinese with English abstract)

BEOCWE TR B A B A el g IR RS R W MEE LB SR L) ). BRI, 2006, (1) :107-112.

CAI Yuanfeng, XUE Jiyue. Adsorption Sites and Mechanism of Cu in Palygorskite[J]. Geological Review,2006,(1) :107-
112. (in Chinese with English abstract)

Fg o ¥, X1 M, XA, 5. BRIGILZAxT H T Cd MBifb R DFoE[T]. ERTHWERE, 2021,40(4) :795-803.
TAO Ling, LIU Wei, LIU Ruizhen, ez al. The effect of palygorskite modified by acid on stabilization of Cd in soil[J].
Acta Petrologica et Mineralogica, 2021,40(4):795-803 (in Chinese with English abstract)

PRmEEE, BCHE, B %, F MMEBEA-SOEBOKEER BRI BT e R T]. ERTWHFEEE, 2024,43
(1):109-116.

ZHONG Xiaoqin, HE Guangxi,» MA Xue. et al. Passivation remediation of cadmium contaminated soil by attapulgite-
double-crosslinked hydrogel microspheres[J]. Acta Petrologica et Mineralogica, 2024,43(1):109-116.

I, B e, W, L MOYBEAMPTTR SN A RIVRIT]. FEEER A, 2024,45(5):111-118, 132,

29



T

JE G 0T, 45 B B0 LB A5 B OHER BT ) T X

[

SUN Xiangyun, LIANG Long, XIE Guangyuan, ef al. Development status of research and application of attapulgite[]J].
Multipurpose Utilization of Mineral Resources, 2024,45(5):111-118+132 (in Chinese with English abstract)

[50] Rempe, S. B. and L. R. Pratt. The hydration number of Na-+ in liquid water[J]. Fluid Phase Equilibria, 2001,183-
184:121-132.

[51] Lius X. . X. Lu, E. J. Meijer and R. Wang. Hydration mechanisms of Cu®" :tetra-, penta-or hexa-coordinated? [J].
Physical Chemistry Chemical Physics, 2010,12(36):10801-10804.

[52] B, feE, 0 2. TG CBDG G B2 A 1/ TE AR PR ES 1 o5 A7 Rt otk fe s (7], #2024, 98(3) .
876-888.

LIAO Libing, ZHANG Peijun, LI Hao. Octahedral cation occupancy of Xuyi, Mingguang and Linze palygorskites and
its effect on properties[J]. Acta Geologica Sinica, 2024,98(3) :876-888 (in Chinese with English abstract)

(53] £ . BRKIE, XN, 5. 290k WM R Ak TS e i A st b R (). MRS 4R, 2020,34(15):15003-15012.
WANG Chan, CHEN Tianhu, LIU Haibo, et al. Research progress on application of nanominerals in formaldehyde re-
moval[ J]. Materials Reports, 2020,34(15) :15003-15012 (in Chinese with English abstract)

[54] & 2, BERKRIE, T A, 5. OG0 MNN BE A 3 T ks Soh )], eEERER SR . 2021,49(6) :1176-1184.
ZHAO Yi, CHEN Tianhu, WANG Can, et al. Removal of formaldehyde by thermally activated attapulgite at room
temperature[ ] ]. Journal of the Chinese Ceramic Society, 2021,49(6):1176-1184 (in Chinese with English abstract)

[55] L, & sk, Ak, & BT E 06 PEF oo v M B 5B ER AR EGER[]]. BRI, 2024.52(10) .
3170-3179.

KANG Y R, MOU Bin, ZHU Yongfeng, et al. Adsorption properties of ionic liquid surfactants modified attapulgite to-
ward zearalenone[ ] ]. Journal of the Chinese Ceramic Society,2024,52(10) :3170-3179 . (in Chinese with English abstract)

[56] Chang, P.-H., Z. Li, T.-L. Yu, S. Munkhbayer, T.-H. Kuo, Y.-C. Hung, J.-S. Jean and K.-H. Lin. Sorptive re-
moval of tetracycline from water by palygorskite[ J]. Journal of Hazardous Materials, 2009,165(1) :148-155.

TUNNEL STRUCTURE OF PALYGORSKITE AND ITS ENVIRONMENTAL
MINERALOGICAL SIGNIFICANCE

ZHOU Jinhong, LU Xiancai

Frontiers Science Center for Critical Earth Material Cycling , School of Earth Sciences and Engineering ,
Nanjing University, Nanjing , 210093

Abstract: Palygorskite is a special magnesium-rich aluminum fibrous clay mineral with a one-dimensional
channel structure, characterized by large specific surface area and good adsorption properties. It is widely
applied in environmental remediation of heavy metal pollution and organic contamination and therefore, is
an important environmentally friendly mineral material. Due to the fine crystals, poor crystallinity and
chemical diversity of natural palygorskite, as well as the limitations of experimental techniques, research
on its crystal structure has progressed slowly, particularly in terms of understanding the internal structure
of the palygorskite channels and its nanoconfinement effects. This paper focus on the summarization of
progress in experimental and molecular simulation studies of the palygorskite channel structure. It is real-
ized that, after decades of experimental research, a consensus has been reached regarding the channel
structure characteristics of palygorskite, especially with more new insights into the distribution of struc-
tures within the channels and the distribution of water molecules. Comparing experimental and molecular
simulation studies, this paper systematically introduces the main types of water in palygorskite channels
and the distribution and activity patterns of zeolite water. The results show that the zeolite water in paly-
gorskite has relatively stable distribution sites. Among these, the neutral channel zeolite water in the in-
terlayer structure has two distribution locations, while the charged channel zeolite water in the interlayer
structure has only one location. Through the analysis of the activity of ions and water molecules within the
channels and lateral comparisons, it is found that palygorskite has a significant ability to constrain the ac-
tivity of molecules and ions within the channels. Based on these insights, this paper further explores the
environmental mineralogical significance of the palygorskite channel structure.
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