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HEEE BRI )T R,=(0.369+0.001) nm(ffi-F 45 A 155 TR ). Bl R i, S8 IR R L 451 (CIN ) SR AR AS A% 1 55 %
ELAI(CNL)3E I, i3 LB (CNWCN) /N, 2% FUAE ) 28 b DA BOW A B A R T 2 SO0 S 36 v 3 B v, A mT sl
oESTLIAETEENE

XKEIE: EXAFS; GOUMEL; IRAS - W ZadD);  BLEKT R TiO,
FESES: 0642

Temperature Effects on Adsorption-Desorption Irreversibility of
Zn(II) onto Anatase

LI Wei PAN Gang* CHEN Hao ZHANG Mei-Yi
HE Guang-Zhi LI Jin YANG Yu-Huan
(State Key Laboratory of Environmental Aquatic Chemistry, Research Center for Eco-Environmental Sciences,
Chinese Academy of Sciences, Beijing 100085, P. R. China)

Abstract: Microscopic structures and mechanism of Zn(II) adsorbed onto anatase at different temperatures were
studied using extended X-ray absorption fine structure (EXAFS) spectroscopy. Macroscopic adsorption-desorption
experiments indicated that adsorption isotherms and adsorption reversibility increased substantially with increasing
temperature. When temperature increased from 5 C to 40 C, the adsorption capacity increased from 0.125 mmol - g~'
to 0.446 mmol - g™, while the desorption hysteresis angle (0) decreased from 32.85° to 8.64°. The thermodynamic
parameters AH and AS of the reaction were evaluated as 24.55 kJ *mol™ and 159.13 J-mol™ K™, respectively. EXAFS
spectra results showed that Zn(II) was adsorbed onto the solid surface in the form of octahedral hydrous Zn(Il) ions,
which were linked to TiO, surface by sharing O atoms, with an average bond length R,,,=(0.199+0.001) nm. EXAFS
analysis of the second Zn-Ti coordination sphere resulted in two Zn-Ti atomic distances of (0.325+0.001) nm and (0.369+
0.001) nm, corresponding to edge-sharing linkage (stronger adsorption site) and corner-sharing linkage (weaker adsorption
site), respectively. The number of stronger adsorption sites (CN,) remained relatively stable while the number of weaker
adsorption sites (CN,) increased remarkably as the temperature increased, making the proportion of two adsorption
modes (CN/CNy) drop from 0.690 to 0.543. These results revealed that the increased adsorption capacity and reversibility
at higher temperature were due to the increase in CN, and the decrease in CN/CN,. This result implies that, in a given
environment (soils or rivers), the bioavailability of zinc is higher at high temperature than that at low temperature.
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Fig.1 XRD pattern of anatase TiO,
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Table 1 The adsorption conditions of EXAFS samples

Zn-TiO, adsorption data

Sample - Ce G Cy Gy
P (gL  (mmol-L™") (mmol-L") (mmol-g™)
S5 6.30 1.0 0.189 0.090 0.093
Sx 6.30 1.0 0.314 0.092 0.213
Si 6.30 1.0 0.393 0.092 0.290

EXAFS samples are indicated by S7, where T represents different
temperatures (‘C). Cy: concentration of particles; Cy: initial

concentration; C,: equlibrium concentration; g.,: equilibrium adsorption

1.3 EXAFS ##mi#l & % EXAFS $#EHRE

W T EXAFS 5256 A W B 5l 2 A HIL B 35
ANKE R R /N [ 2 E EXAFS I & 5 bl
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PR A — DAL S 254 b X FEA S IRY)
(an ZnO), KBS 22 5 19 [ A R R 35 57 b Uk T iy
b, &2 S5 T EXAFS .

EXAFS L5500 78 H A G+ T = A i s %
WFFEHLR A BL-12C 256 05 97, R 92 56 0 ) 5%
WL HA R TR A BEE & PR e IS5
SRS . BB IR FRE R R 2.5 GeV, -2 HL R
J¥ 9 300 mA, T AL Si(111) B0 g8, Fif L B %
RHABKE 5 cm MFEE A B E . BT RS
Zn AR, HOR HDEOEE I, FRI AR 19 J6
SSD R &%, A oG8 B AP L HIK R L Zn (/55
I, B, W A POR TR U A S B S ZnO
[ R 1 Zn (D) KR SR FH 385 A 200 2 . BT A A i ok
3508 Zn JRF 1) K WG (9659 eV)EXAFS i,
AE AL FEIZE 9159-10759 V.

2 #HR5iNe
2.1 7= VR AR B - A SR 06 % R PR =

7E pH } 6.30£0.02, 0.1 mol L™ f) NaNO, /it
H1,5.20.,40 CF AW I - IR 2 LI 2. Hh A 2
ATLLE i, Zn(DFE TiO, 2 1 9 I B 5L A7 B 8 1) it
JEE A5ORN FRE R  F ERGR . T, W BR STR  B

5 °C adsorption
20 C adsorption
40 C adsorption
S desorption

0.30 |-

0.24
S, desorption

> o O » e n

018 L S, desorption

0.12

q, /(mmol-g™)

4

0.06 -

0‘00 L 1 1 L L
0.00 0.02 0.04 0.06 0.08 0.10
Ceo/{mmol-L")

2 AEIRET Zn(I1)-TiO, W Mi-#E Rk &R 4
Fig.2 Adsorption-desorption isotherms of Zn(II) onto
Ti0, at different temperatures
Solid curves represent Langmiur-type adsorption isotherms,

while dotted curves represent desorption isotherms.
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BB, Gue(mmol - g ™) A HLLA A5 Y 00 R BT 5. 1%
R sz 107 P A T 386 A AT LR i W 3 i AR (0) AT A
iR, FA/INIT LIAREE SCER 2735k (L2 2).

M2 A LVEN, BRER 5 CHEE 40 T,
Zn(IDTETiOLZR M A H FIE B 5 g, H10.125 mmol - g
BN 2 0.446 mmol - g™ T ff TR JS A B 32.85°0K
IINZE 8.64°. X WA 1B IZ AR R W B 2 g oA W Bk
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B [ B T 9 I B 4 i £k, 2 IR Khan il
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PUE T BIAREE R4 AN [ EE T (W B #8722 P
K B A SRXEUE InK; S8)5, HH Van't Hoff J72(2)

£ 2 Zn(II)7E TiO, KA R FE S

Table 2 Thermodynamic parameters of the Zn adsorption ontoTiO, at different temperatures

Langmuir-type parameters

Thermodynamic parameters

e R Gmex/(mmol-g™) K /(L-mmol™) o) R 10°K  AG/(kJ-mol™) AS/(J-mol™-K™) AH/(kJ-mol™)
5 0.990 0.125 31.71 32.85 0.958 4.76 -19.58

20 0.995 0.307 23.73 21.35 0.995 9.36 -22.28 159.13 24.55

40 0.992 0.446 18.11 8.64 0.985 15.71 -25.04
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Fig.3 Plots of In(q./C.,) vs q., for the Zn(II)
adsorption onto TiO, at 5, 20, 40 °C
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Fig.4 Normalized, background-subtracted and
>-weighted EXAFS spectra
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Fig.5 Radial distribution functions obtained by
Fourier transformation (FT)
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Table 3 EXAFS results of the first Zn-O coordination sphere and the second Zn-Ti coordination sphere

Zn-0 shell Zn-0 shell First Zn-Ti shell Second Zn-Ti shell
Reference Sample CN/,/CN,
R/mm CN R/nm CN R, /nm CN, R,/nm CN,
Zn’ 0.207 6.30 S5 0.199 4.50 0.326 1.13 0.370 1.64 0.690
ZnO 0.195 4.04 N 0.199 4.46 0.324 1.14 0.368 1.80 0.634
N 0.198 4.49 0.325 1.17 0.369 2.15 0.543
exp.
/ A # - fit
y N X7 \ \ S4()
3 4
" x .
&4 .
%:\ ;; ] \ J . Sz
N 4 -
) '\\ Ss
640 %0 80 100 120 20 20 60 80 100 120
o/nm’ x/m
B 6 HF—EAE(Zn-0)iEREEr EXAFS iE(£&)Kk 7 FEAGIE(Zn-Ti)iEiRFH EXAFS (%)

PEER(R)
Fig.6 EXAFS spectra (solid line) and fit results
(dashed line) for Zn-0O shell
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(0.199+0.001) nm.

Zn(IDFE TiO, F M7 FE R 45 A 7 X, BP0
JIESR - D25 5 B s -4 &, o>
SRR -3 Zn-Ti [ R 0.325 1 0.369 nm.

S R R AT A R B 2 Zn ()26 S TR] 9L T B
74 I SR AS T AR T R AR B A A, B
ANy FR W T v T D B 2 1 D s W R S L S
F . FrlL, ST Zn(D7E TiO, 2 i iYW fff n]
TP ARG ] 5.

Zn(ID)TE TiO, 2 [ A4 W B T 305 e i Uk B 8 Ak i)
PR TR & SR T B TR B S AR T 45 1
IR T . X A TS Y e IR BT rh s vk /2R ]
M LR ST St — A8 % ).

it R HAOBT T XAFS S25 3 B NOMURA #
P2 P R i G P B 3 T IR) 25 4 S S 08 = T I T L
PR HAOE T T BL-12C S8k i = $25Fn 35 B!
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