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Ge( V) i#45W (1 mg/mL) il 45 . HERAFREL 0. 3605 g — A Ab4% Lol FiEbAlH A F) T/
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FEYIK y-AL O, VW B3I the adsorption efficiency of Ge( IV)
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Al pH > 12 B, 452K AL O, XF Ge (IV) B W% B R 34 BH wl A \
R C . : . . : :
Ge( IV ) FE/K W PO AEAE T A5 B 25 VARG pH v eyt e

stk Ge (V) TE/KIER P AEEIE S A Fig.1 Effect of pH on the adsorption efficiency
Ge'+ , H,GeO, [Ge(OH) , ], HGeO; F GBO§ A , of Ge(1IV) on nano-Al,O,
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pH <20 L) Ge** 3, pH =3.0 ~8.5 Bf Lk H,GeO, F1 HGeO, 43, pH =8.5 ~12.0 B, FZL) HGeO,
TEAE, pH > 12.0 BFLL GeOS™ #7458
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#186%. F 0.3 mol/L K,PO,-1 mol/L H,SO, HIRAEMAEMATI, 5 min J5 Ge (IV) By HT R LI
97% . NILFATIEM 0.3 mol/L K, PO, Fl 1 mol/L H, SO, VEAZ 75 5 0 i r 7] ( 52 75 5 2 15 w4 ok
AL O, W FfHscai , MEMENL AR TR FAR TR AR B ) , BRIk HGeO, T 4% HAT s AC i BE 1 A9 H, PO, Fl SO~ fr
oAt IR B B .
2.4 WHEhNZEHR
2.4.1 WMz hFFAE K2 BYK y-ALOXT Ge(IV) iYW B -5 W B E] A9 5 R 2k, Ge (IV) Y
WA % 20 mg/L, ML 2 WT L, % B i bifi 25 )
Sl /;::_:_:-3—-;#__——: ] () SIE K T HE AN, 4K AL O %} Ge (V) R BfF 7 2
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B DL B S8 K 43 ) FH Lagergren 1E— 230 71
SO FEAN Ho. W s Ji2g r Bt A T4

(.'_

g/(mg-g™)
— (%] L] -
\\.

i — %% E Lagergren {fE—242) /1207 2
oV lg(qy =) =lgq, - k,1/2.303 (8)
0.0 05 1.0 15 20 25 30 35 40 Ho. 7@:2&@]7’]%7:7*%
Fig. 2 Effect of adsorptioﬂllllillne on the adsorption i/q, =1/ kz’]i +1/q, (9)
efficiency of Ge (IV) on nano-ALO, at =H k&, (min ") Fl k,(g - mg™" « min~") MW F R
different temperatures 7%’?& , q,IEILZTf t HﬂL I‘ETJ E/‘Jnﬁl}ﬁi , G4 ﬂ] q, %?@%%ﬁﬁﬁ

. Il 1g(q, —q) X o, 1/q % o FEIEL, X BT BAEEAT A 200, DORER IO Al 43 2 R EE T
W kyy by, qyy g VABOHOCRE r (8, BAES TR 2. NR2 ATLIEN, TEARRET, s 5cmds
5 TR SR B UG (r=0.999) , UEIHAK AL OXF Ge(IV) B B iod 75 9 — 4 s 1

Table 2 Kinetic parameters for Ge(IV) adsorption on nano-y-Al, O, at different temperatures

T/K k|/min_I ql/(mg-g_l) r kz/(g-mg_] ~min~") qz/(mg-g_l) r
273 3.06 0.960 0.919 118.5 0.971 0.999
298 3.13 0.953 0.957 170.2 0.959 0.999

323 2.90 0.954 0.998 263.0 0.957 0.999
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BRI IR T G0l SR A AR, SN R R AR R R () T i, e AT DAHET, 4
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2.4.2 WM B EEE BTSSR T (Arhenius ) 23 20H F T X RN IS AL RERSR i, ARSE AR TRITEE T
FEM R B 2 S, AISRARAIK AL O, MRt Ge(IV) BYTEALHE £, 11. 63 kJ/mol.
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2.5.1 WIS d & PSSR, SEATRE R A AR ARE R 25 7E 4% LA, (AR SERG 25 A A X AR
HEM2E 0 0. 9% ), UEHIANK AL, O, X445 (% W B S 0% 3 9Pk 5 4. 8 52 30 25098 43 1 - Langmuir,
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Fig.3 Langmuir adsorr‘)tion isotherm for Ge ( IV) lgg, = lgK, + nflgCP (11)
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ity WL B L, 41 Tge, MUOETEAE], 45T 4.
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Ing, = Ing, - B&’ (12)
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Fig. 4 Freundich adsorption isotherm for Ge ( IV) Fig.5 D-R adsorption isotherm for Ge ( IV)

adsorption onto nano-y-Al,O, at different adsorption onto nano-y-Al, O, at different

temperatures temperatures

HE 3 ~ &5 fi 3l 0L, 99Kk ALO KT Ge(IV) B 4F & Freundlich A1 D-R W% B 5578 7 #, &5
R AT B RO (2 20.99) . FEAFIRIZ T, W AEIR SR % 0, (0.34, 0.39 #10.43) £ 0. 1 ~
0.5 ZJa], Ut HAMLRR T 55 i T FET A BRI B, DA Ing, X & PR ELZR, ARIE B AORER RS B, HRAEA

Table 3 Langmuir, Freundlich and D-R constants of Ge( IV) onto nano-y-Al,O, at different temperatures

/K Langmuir Freundich D-R

/ T’/ (Mg *g ™) b/ (L-mg™h)  r K/(mg-g™') n r B/(mol?-kJ"?) ¢,/(mmol +g") E/(k] +mol) r
273 16.25 0. 0664 0.991 3.17 0.3367 0.999 4.62x107° 0.59 10.40  0.997
298 19.23 0.0688 0.988 3.21 0.3876 0.997 4.23x10°° 0.82 10.87  0.998

323 22.42 0.0756 0.983 3.45 0.4274 0.999 3.74x10°° 1.07 11.57  0.998
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R (13)3K18 T=298 K &0 F, 40k ALOX Ge(IV) BUMZFRE E =10.87 kJ/mol (£ 3) , B FASH N
FIREETEIE R 8 ~ 16 kJ/mol ", HiriZ W B 52 17 ] i & T 13 e W ot

2.5.2

WG F SR EEUE 273, 298 1323 K T, 41K AL O XA FERIEAVEEERY Ge (V) Y0 [

THOL. BTS2 REOTE, DO 25 IR 2R oKk I B S5 2k, DA Ine, XF 1000/ T YEE, #R¥E Clausius-
Clapeyron /7 f2 n] 1511,

Inc, = AH°/RT + D (14)
46 [0 mal K, e, MATFR BERS Ge (V) 1 W B P 47 vk
j; oyl (mg/L). FHZPEIE R A3, SR AR 1 0 A%
.0 AH(WLIEL 6) , ARIGANTF X R THIEH BT 2 R

238 . i, IHAESRN T% 4.
3.6 K, =cp./¢c,, (15)
>l AG = - RTInK, (16)
E N S — AS’ = (AH" - AG*)/T (17)
34 35 36 37

3.0 31 32 33
108 7K
Fig.6 Plot of Inc vs. 1/T for different

initial Ge( IV) concentrations

A, ey, (T A7 A A 35 TR e O o 90 MR fF 1) 3 )
Fl e, ool Ge (V) 7 M B 5] r iy ~F- i ok B2 R AE
W IR B, KR T 5K

P W BFF R T 24 BRI AAT, A0K AL O, TRZFfF Ge(IV) B FRIMZBHE: F &3 2 AGC°<0, H AG'HY
2t Xof (I Bt 5 T 5 11 T v TR0, 3 55 A5 T R 4 2 B AR P TR EE T, IR R I A S IR A5 R — B
W2 2 07 ARG R (AR >0) , B M IEME(AS® >0).

Table 4 Thermodynamic parameters for the adsorption of Ge( IV) on nano-y-Al, O,

T/K K, AG®/(kJ - mol 1) AH/ (k] + mol 1) AS®/(J + mol™! - K1)
273 2.69 -2.24 9.59 0.043
298 4.02 -3.44 9.59 0.044
323 6.11 -4.86 9.59 0.045
‘
I\
3 4 it

YK AL 0K Ge(IV) AL IR ERE, 76 pH =4 ~ 11 JEFEIN, Ge(IV) ATHE4K AL O, E &
8, WHPRAKT 95% . %W AT A e GO 8h J1FA5RY, HUR T H RN R B (K, ) A 170.2
g -mg™' - min~', RVEEILAE(E,) A 11. 63 kI/mol. 44K AL O,%F Ge( V) W FfI4545 Freundlich il
D-R W A IRABIRL  H i N 2K AL OXT Ge(IV) B3R B BE (E) 7 10. 87 kJ/mol. WLt #4J) 2= 28K
S AHY >0, AS° >0, AG® <0, UiBIIZWE M2 1 & Wit 7.

Z X X W
[ 1] BauerD., Cote G., Fossi P., et al.. Process for Selective Liquid-Liquid Extraction of Germanium, US 4389379 P], 1983 . 6—21
[ 2] Chirkst D. E., Chistyakov A. A., Cheremisina O. V., et al.. Russ. J. Appl. Chem.[]J], 2008, 81(1) . 38—41
[ 3] Hernandez-Expésito A. , Chimenos J. M., Fernandez A. 1., et al.. Chem. Eng. J.[]J], 2006, 118(1/2) : 69—75
[ 4] Marco-Lozar J. P., Cazorla-Amorés D. , Linares-Solano A.. Carbon[J], 2007, 45(13) ; 2519—2528
[5] LIYu(ZEf), WANG Xiao-Li( EWEMN) , ZHANG Zheng(7K1E) , et al.. Chem. J. Chinese Universities ( 5 25228 fb 2224 4) (1],
2006, 27(12) ; 2285—2290
[6] GUO Zhuo(58H), YUAN Yue(Hi). Chem. J. Chinese Universities( 2524k 4) (1], 2007, 28(2) : 289—292
[ 7] JIANG Gui-Hua(#H:%) , XU Kang(#%HE). Prog. Chem. (fb##EJ8)[J], 2000, 12(4) : 431—444
[ 8] SHEN Han-Xi( L% EE), WANG Zhen-Qing( EHRIH ). Metallurgical Analysis(iG4x53#H7)[J], 1981, 1. 8—11
[ 9] Atsushi Harada, Toshikazu Tarutani, Kazuhisa Yoshimura. Anal. Chim. Acta[ J], 1988, 209. 333—338
[10] Pena M. E.. Water Res. [J], 2005, 39(11) . 2327—2337
[11] Liu G. J., Zhang X. R.. Water Res. [J], 2008, 42(8/9) : 2309—2319
[12] YAN Jian-Han (/“#70) , ZHANG Chong-Ci( A 24). Environmental Soil Science (#3551 2%) [ M], Wuhan: Central China Normal



140 N O Vol. 31

University Press, 1985: 83—385
[13] Ayben K., Binay B.. Appl. Radiat. Isot. [J], 2003, 58. 155—160
[14] Huang C. P., Cheng W. P.. J. Colloid Interface Sci. [J], 1997, 188(2) . 270—274
[15] Gozen Bereket, Ayse Zehra Aroguz, Mustafa Zafer Ozel. . J. Colloid Interface Sci. [J], 1997, 187(2) . 338—343

Adsorption Behavior and Mechanism of
Nano-Al, O, for Ge(IV)

ZHANG Lei”, LI Hong-Mei, HAN Guang-Xi, KANG Ping-Li
(College of Chemistry, Liaoning University, Shenyang 110036, China)

Abstract The effects of various equilibrium time, temperature and pH on the adsorption of Ge( IV) on nano-
Al, O, were studied. The results show that the adsorption is fast to reach equilibrium within 2 min. It was
found that the adsorption efficiency of Ge (IV) was more than 95% with pH from 4 to 11. Almost all of
Ge(IV) ions adsorpted onto nano-Al,O, can be eluted with 0.3 mol/L K,PO,-1 mol/L H,SO, mixed solution
within 5 min, the desorption percentage can reach 97%. The sorption of Ge (V) ions onto nano-Al,0,
followed the second-order rate equation, the kinetic experimental data properly correlate with the second-order
kinetic model and the values of activation energy (E,) was 11.63 k]J/mol. The adsorption data are fitted to the
Freundlich and the magnitude of sorption energy computed from D-R equation is 10. 87 kJ/mol, thus, the type
of the adsorption of germanium on nano-ALQj is a chemical adsorption. The AG® and AH’ values is negative
and positive respectively which indicate the adsorption of Ge( IV) on nano-Al, O, is spontaneous and endother-
mic.

Keywords Ge(IV); Nano-y-Al,0,; Adsorption; Kinetics; Thermodynamic
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