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BRI AR MR 1 BS503R 0y o 2 A0 7 Y A o B SR B R B
FIRBOR B0 ATET B M4 1 R B TS R SR  SEER B AL ( T R4 %, 2000) . B
A EBEREEM TV WESNEL B KRIEEABEE TT YO RERMER, X0
5 S —HIF R A R R AR IR M ARS8 . BFFTIRR (Allads et al, 2002; Delacail-
lerie et al, 1995; Scheidegger et al, 1997,1998) , R EHH T EAB BEELY REAFTZ
HESRN EH"EETHPEETHBRRIRSNSRE F—AERWAE LYHIE,
TRREBMANNEEESRIMER. BABREHEERMAT URAELEIBMNENE
EFB(Peter and Buseck, 1992) , HITED MbH R R B £ R B T HCRTIF S+, Fl B
AR RE LA 5 MHE R B A= RTER ST, N FNRT YN ESRETH
BB ERVLE, ERERN N EAST R AR L MR, INRFF R R L 220t
B AAEENERALRENL,

1 SRS

1.1 R

MOMEBES TR RER ., B TREBHAMNERER, 7 200 ZMEOEBEA R
TR X SHRATH (XRD) 47 B4 B 8 5 R 85 (TEM) K44 b, s B R g M s a2 —k5+
YL AEH - S0YMY GRER. RS SS XRD AT TEM 5, MRS Rk
98% Lk 1O, RoEM M A H RS TR B, i 180 B & A. G BHBORAA 4 CusSo, -
SHO B, Cu?* M0 50 mg/L, LW FAY R ZRFEEK,
1.2 ZBAE

ZEBEEFIA 20 ml CuSO, 7K ,0.100 g M MNER , R REHHLE THBRES D,
7£300.5 CRE TEREY, E2BL0AH, REWR WEH o WREE, HETHER
Cu* EBRE, HTREMOEA - KEAAERAX R pH EREw, 5515 pH 30k
BRI PRI pH . BRI AR AP IRIE, AEAM N EARRE 0’ BFHARS
A SN ATREEFRSRTR. RETES NN S RE #TEHEENRE, RRE
BB ARAE 1L, 55 Bh A R B LB,
1.3 ZRUBRNEHE

W RS 485 T B IR 16 000 v/min B B O ML, LW ot MBS AT IR Y
Cu* — CAS - CIMAB 4 6B B 207 (X &%, 2001) . AP ESHR A+ ARER L -
ERH S B (BREEE,2000) , Mg * IR EEADTR AR TR . SRR 722 Ak
JerEit, SHY-2 {H iR %45, PHS-3B 45 9% pH 3+, TEM BF 504 ] JEOL2010 2% 43 BT L F
BHE, M EHBERREMRP R, AR ERK R R ERE.

2 ZBERHR

2.1 HEHEES Cu( I | ERENEM
F1HE 1 RBT MO RE R R R GEE R G EBRBEHE . TTLIED, B

O BRE, BH%, BIMF. AFRRMOBARHH SN NEE . BREER, 2004 77 .



3m

BRR RS ARBRERTUNESGS O EAE

387

®1 FERGREXNMORES CF (EANEM
Table1 Effect of oscilating rate on interaction between

TR BRI, B A X G LR R WA
X TR S M R TR BIRL, ZEK

— palygorskite and CuP SYECPEROR , R R R . KRR
1 2 3 4 5 6 + 3
[T2E- 325 0.1000 0. 1000 0. 1000 0. 1004 0. 1003 0. 1000 REE i R A, G RERERIH
RHRE/(rmn!) 0 50 100 150 180 200 Mo EEEE Cul BSHAIEA oH A& E R
i pHE 52 52 52 52 5.2 5.2 HAET LS N, il pH (E50E K EEF
p! » P

BIRW pH {8 6.41 6.44 6.41 6.52 6.56 6.56

ﬂ"-ﬁi&'};/(mg-v‘) 67 62 57 32 3.6 3.9 Mo MMTFHENTREAMEREEE, REFLHE
ZRF/ % 87 88 8 94 9 9 fIHY pH(HELEERIE, HEEE IR M,
WG BH i /(meq/100g)  27.3 27.6 27.9 29.4 29.1 29.0

pH BT R INBES O ZERERBHRE
WBHETE—BN, RETRETHIRE

WA pH EIET Cu* RAEKBRY pH (B FM
T - KR EAER, S BCP &R pH E

KIBEFRE, LET Q2 REKMAW A pH 11, 0 M
BIE KWLM pHH, MOBEE—KEHER @
SN pH BT RES T G2 MIKRILE. R
PR HE T Cu* ZERFEH pH 32 5 ol AR 4%
BT M —K AR AR 2 5, 5 1Y
BABRERRMNBEGEE T E A H8A X,
TEM M2 I MR A 8+ P EERBRFORES s 0
#HEABGAMFRRN I, ARIEE, B
FEMYEARENBEMENLS, fE e’ 5
MR BN, RRREERIE K. E B RRS
FE R SBOK IR YA SRR E LA, AL
ANBRIBS.O AT B AR ST A, Bl 2 IR AR R AR
2.2 WHREX G+ ERBRIRIE

MR ol RHHER BRI (K 2, 8 2) . RER, AENERREKF Gt
B BRARFER R E K TR HIE K. WRESRE LT BEE R AR A K, BRI & TR
B, Co®* RERFHORER , F A RIF A 2R —RAE . H5RERRHK SR pH {H
AT LARE, EMNOHEESE Gt KIEBRE R R K, pH M B34 K, i FHR
FIRNRE TR , V5 B (E] 10 ~ 120 min, BeIFIAY pH fH 6.21 ~ 7.46, & F C* B4 K@M pH 1S
Hl, pH{EREM FIBZEMLIR, IR B — R R AL 2 R (R ey pH (R Wi . 141
(B — 7K ELAR R X — 3808 FT LA Y Cu®* ZK AR ULIE
2.3 MAO#GENEX C2* RREHKM

F 3 FE 3 RO, BERHAM A ARG, KT G2 NERROZHER, Y&m
LB¥0.10 g i, RBHRREIX 100% . FHH, HINLBE 0~0.06 g WHEP, RREZRIENY
K, E A E B R A Cu®t R B ORHE 2 s TSI £ 828 0.06 ~ 0.10 g B, B4
ERAMOEREX Gl MR EA R T TR, SHREFEN pH HTUE L, BELNERE
MARMARE, SR8 pH EAERKMOIE KT, TR AGER, N Ea AR

PR 20 ml, Co?* HPIRMEE 50 mg/L, WRBHE B 30 min

106

KRE %

100 160
WHHE / (r-nin)
1 RSHEEXEBRENER
Fig.1 Effect of oscillating rate on removal
coefficient of Cu*?
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#2 WREmHEX CuP AR pH EARER
Table 2 FEffact of adsorption time on pH and
equilibrium concentration of CL?*

%3 MOEERARYN G2 ZRENKRE
Table 3 Effect of the amount of palygorskite on
removal cofficient of copper ion

KBFS 1 2 3 4 5 6 B 1 2 3 4 5 6

MM ETR/g 0.1004 0.0999 0.1002 0.1003 0.1004 0.1002 M4 FH ¢ 0.0198 0.0398 0.0499 0.0601 0.0798 0.1003

Bl /min 0030 45 60 90 120 g pH 52 52 52 52 52 5.2

Btk pH{E 52 52 52 52 52 5.2 BT o A S50 575 5.85 6.07 6.32 6.9

B pHE 6.2 6.4 6.71 6.93 7.33 7.46 .

FHRE (oL ) 7.1 34 08 05 02 0.1 FHRE (mge L") 3.6 27.3 21.0 12.6 5.6 0.0
w0 100 E%RER 232 45 S8 75 8 100

R/ % % 93 9 9
B /(moq/100g)  26.9 29.3 30.9 31.1 31.2 31.3

WHAB 20 ml, Cu®* FDIEIRIE 50 mg/L, PrihdisE
150t/ min

WG i (meq/100g) 36.1 36.0 36.6 39.2 35.0 31.4

BT 20 mi, Cu®* BIRAVREE 50 me/L, Rk EE
150 r/min, ££ ] 90 min

1004 1004
- /A
80 80 A/A
X 2w /
W /
%o & 40 A
k4 X e
20 20 /
[} T T T r T r 0 T T T y
0 20 4 80 100 120 0.00 0.03 0.06 0.09 0.12
W BB / min YRR/

E2 W RN EERE W
Fig.2 Effect of adsorption time on removal

coefficient of Cu?*

B3 [ R R X SRR W
Fig.3 Effect of the amount of palygorskite
on removal coefficient of copper ion

M1~5 /L, BB pH AN 5.54 ~6.93,EE¥:M&#EMA§ <1 g/LBg, BB H) pH &
AT ot BHEKARE pHo MAITASBAR T MOEGWIIAR & > 1 g/L, ET, TEE
ZHHE T MONEARMETRSNEBEFKRITE.

2.4 FEWpHA Cul I )ERENEM

FAME 4 29,3 TEAMFARMNEAMAR0.5%), B34 pH HRMEE (< 1.4),

W BRSEAT I M RY pH E B K, AR Co MR RE AR, X R, BMEM MR R
B FH e, B LA pH ARG, EUE P MR RME. SBBMG pH(E > 3.5
o, P SR pH HRKIRE TR, 0l ERBRSBIAR, EF 100%. ARERELFEY
TEMEWAY pH IR, WA FI T E 4 R AOVR R, {8 R B o5 R B SR % pHL (BT AR BE, B T 10
A 2GRN, FER S pH HE 24T Cu* AEHN pH HE, BR, G BEREELR T LBk
FEMHER , FEMMEGET A G KBTI, bR, EEaM pHEMESRE
T e AR R TREER .
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F4 pHEXEBRE/RE
Table 4 Effect of pM on removal coefficient of Cu?*
LRFS 1 2 3 4 5 6
ML M/g  0.0986 0.1003 0.1007 0.0996 0. 1003 0. 1004
4 pH B 1.1 1.4 3.5 51 6.1 6.7
B pH 1.21 1.9 5.68 6.7 8.2 8.89
EHRE/ (g l7Y) 50 50 6.4 0.2 0.0 0.0
ERE/% 0 0 & 100 100 100

1004 o FipH oo
-=- #ifhipH o/c
[ EETFAR

EBRE/%

00
80
80}
40
20

ol

L 2 ' L L L L s s
0 1 2 3 4 5 8 7 8 9
W5/ (meq/100g) 0.0 0.0 27.2 31.5 31.4 31.3 pH

W AR/ (mg L") 62.5 0.4 0.01 © B4 pH{EXEREGEN
R 20 ml, Cu®* BIHAVRIE 50 me/L, T E . . ‘2
150 o/ min, FESEITE] 90 min Fig.4 Effect of pH on removal coefficient of Cu

3 MAEAS Ct fERPLE

M BN, MR S Cot BT AR A I LA BB A PLE : (1) P T35 8:; (2)
FWAE; ()0 HMEA ATEREFHES; (OMNYEAESY G’ KB,

[ "y 7 B 2o 45 pH B W 4 ~ 4. 5( Neaumen and Singer, 2000) , 2454528 1 pH {8/ T4,
R, 1] Py A AT IE B, FE MG R T M R A LR R PR T, O AR R BHE R &
K. 7€ pH EN 7 BHUE FINE A AR FRCIRAR R 11 meg/100 g, 3 HL MM iEA R B FTE
BRUERE, EREERAG T ABAREESNEEER, S FLEFBLETMF
pHA 7THME TFRBAR, £1~-4FHEBIEHEIRAFTHRMBHZXTFETRHR
Z8, EHANMEE LR o IEIERRE TR, BRBT o SHNEL AEER
BT By B LR, 7 b LA B R BT Mg F1 AL BEIRBLAR , JA T AT AR W A v
VAR Mg M AL YRR TS IR ( <0.01 mg/L) , WA MBIHES Cu?* BHMN FH Mg
AR AR, TYHESRAREIR, o & B 2 MR AR IS S E AR R ERM
YEFIYLHE (Stum, 1992) , ATI E £ BT PR E K BILRE AR R EBAFIZH (Comans and
Middelburg, 1987; Zachara et al, 1991)

M EER LB RHE T LR, RERE MG EAR G WREER EEZIRG A
B R ] RN pH (E R R SR EE W, P H SRR BER UM S Langmuir 71
BET B, L H R F BB R MOGEL Y O MRMEMER, B LRTRP 0l B
RABEESHSEAEER pH BT T G2 K pH EHX (B ) NERBWAMNER S
ESBRETHEMNTREERNMEAR - RRAEERBESESRIE. ITIERX—B
W, S R P A T R A T R AT R R SR E 5. BB - Gt B
B REAG pH B0 5 o, MY G RIEREH LA T Cl* KBTI, PHEAELEpH RS,
HREF C * KRBUITER) pH &, WA REIAWE R Co’* FIKRITTE. X9 M Sk
AREH pH EHS5HW pH (HA —FHEH, X FHE, MNEAREEEER AR, B
HXHARETHNEARTRAGADT ON, BAREAERE, MNER - KBFEER
P 2R K AR S T A, M R - KSR pH 598 9. SERMESRR
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(b)

fra s

5
Energy (keV)

10

(a) TEAS B R (TEM image) s (b) REHEFH (EDS) 5
G BV 50 mg/L, AR pH {5 (initial conoentration of Cu?* 50 mg/L, Equilibrivm pH = 5)

ES5 5l BHEASMMEEA TEM B8 FOR NN EE R SRR SR HRETR)
Fig. 5 TEM image of palygorskite after interaction with Cu?* (showing Cu(OH), particles coating on the palygorskite)

Binte pHAH > 3.5, BHEL > 1:500 B, MR E SES BB T AR B LAERNER, 35
W B K9V pH EBERTIA KR pH A BB M 7 358 G KR EA T2 pH
b MNES - BESRABBEARD, b T NEAREH pH BB pH E5, 5L
KBTI EEN RARER L. BT RAAERNESRE T AR LYREER
I RLAT, I SR AT SRR , T £ B PO 8 AR £ P (Rt S A A S PR A [
BAORMEKK, EAN T RRESRBRABRIK BRI E R, X BT AR i
MM R A A G R K B RCR S pH KB IR R R E.
ob, MR A R E R B A S R AR DR SR AR TR K B R R o Ty
BOARERESRENIENH.

4 & #

(OARERB LR Gl R B R R R R M A W oH
BHAHBESEER R MARRERE O BER, SRAEERRPM0EA R - BF B
VR pH HELREER,

Q)MYEAREKATERH O KBEARSKRE SRR THEARNNEE
BH 2 ot EELH,

CVEFESRETHT Y - KBEERTT Y Sk MEARE pH HREM X
MO, pH R BER BT Y - K e &R T 3B W04 pH 3, BT, BB BIT- R
BRI TR pH AR, 7ERTSE0 R B P, BRSO AN b FT TG 908080 pHL{, IR 2
REBDH pH H, 5 AR BELKRENEHBRELRETHARIRAR, T RE T
WREERX T WRHHER.
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Mechanism of Interaction between Palygorskite and
Copper Ion in an Aqueous Suspended System

CHEN Tian-hu', SHI Xiao-ii', PENG Shu-chuan', HUANG Chuan-hui', XU Hui-fang?
(1 College of Resources and Eraironmental Engineering, Hefei University of Technology, Hefei 230009, China;
2. TEM lab, Department of Earth and Planetary Sciences , the Uriversity of New Mexico, NM 87131, USA;)

Abstract: Investigating adsorption mechanism and ability of the heavy metal ions on minerals is importan
for correct understanding properties of mineral adsorption, application of environmental mineral materials,
behavior of environmental chemistry of heavy metal ions. It is commonly accepted that palygorskite is ar
important environmental mineral material. On the basis of preparing pure palygorskite sample, experi-
ments of copper ion adsorption on palygorskite were carried out under single effecting factor. Meanwhile,
PH values of solution were tested and surface structure of palygorskite was investigated before and afte:
adsorption experiments. The resulis indicate that mechanism of removing copper ion by palygorskite wa:
mainly contributed to copper ion hydrolysis by palygorskite inducement and interaction between copper hy-
droxide (positive charge colloid) and palygorskite (negative charge colloid) although the removal effi-
cients of copper ion is related to oscillating rate, adsorption time, initial pH value and amount of adsor-
bent. Strictly speaking, this mechanism is different from adsorption of mineral interface. Because paly-
gorskite has nanometer crystals and is active in surface chemistry, its surface hydrolysis behaves alkaline
in the aqueous suspended system of palygorskite-water. It leads the pH value of solution to be increased,
at which the copper ion could be basically wholly hydrolysed.

Key words: palygorskite; copper ions; adsorption mechanism; envi 2y;
nanominerology
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