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Sorption and Desorption Characteristics of Different Structures of Organic

Phosphorus onto Aluminum ( Oxyhydr ) Oxides

LIU Fei, ZHANG Yan-yi, YAN Yu-peng, LIU Fan, TAN Wen-feng, LIU Ming-ming, FENG Xiong-han
(Key Laboratory of Arable Land Conservation ( Middle and Lower Reaches of Yangtze River), Ministry of Agriculture, College of
Resources and Environment, Huazhong Agricultural University, Wuhan 430070, China)

Abstract: The sorption and desorption characteristics of four kinds of organic phosphorus with different molecular structures
(glycerophosphate (GP), glucose-6-phosphate ( G6P) , adenosine triphosphate ( ATP) , and myo-inositol hexakisphosphate (THP) )
on three kinds of aluminum ( oxyhydr) oxides (amorphous Al ( OH),, boehmite, and a-Al,0,) were studied. The underlying
mechanisms were also illustrated. Results showed that the maximum sorption amounts of OP onto Al (oxyhydr) oxides, on a per gram
dry weight basis, decreased as following: amorphous Al( OH); > boehmite > a-Al,O,. This mainly related to the mineral crystallinity
and surface heterogeneity. With the exception of sorption of IHP on amorphous Al(OH),, the maximum sorption density decreased
with increasing molecular weight (MW) of OP, following the order: GP > G6P > ATP > IHP. However, the sorption amount of THP on
amorphous AI(OH), was much higher than those of other OP, due to the transformation of surface complexes of IHP to surface
precipitation and thus enhancing the sorption. The sorption kinetics results showed that sorption of OP underwent the first onset rapid
sorption, 1. e. a certain amount of sorption occurred within an onset extremely short period, and a following long and slow sorption
process. Amorphous Al (OH ), had the greatest onset rapid sorption density, and the onset rapid sorption density of OP on Al
(oxyhydr) oxides decreased with increasing MW. Desorption capacities of OP by KCI and citrate solutions related to the surface affinity
between OP and boehmite. Initial desorption percentages by KCl decreased in the order; G6P (10.53% ) > GP(6.91% ) > ATP
(3.06% ) >THP (0.8% ). The maximum desorption percentages of OP by citrate were 4-5 times greater than those by KCl. During
resorption process of P by KCl, the maximum desorption rate achieved after a fast desorption in a few hours, followed by diffusion-
resorption during which the desorption percentage gradually decreased. Specially, both diffusion-resorption and surface precipitation
promoted the resorption of IHP on mineral surface. Conclusively, the strong specific sorption of OP occurs on the surface of Al
(oxyhydr) oxides, and molecular structure and size of OP as well as the crystallinity and crystal structure of minerals are the key factors
affecting the interfacial reactions and environmental behaviors of OP.
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ATP) | HiZBE/SHERR (C H,0,P, GOP) FIH i # iR
(C,H 0P, GP), DL K3 i 1 Ml «-ALO, 1 H
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1.2 JEE AI(OH), HI& K

JE I AL(OH), B4 MLt B Guan %5170 Al
Shang 45" 1 )7 k. FEPHEBEFE &R, H 0.5
mol - L ™" A9 & &L ANV OKE 0. 167 mol - L™ AlCL, 1y
pH % 6 £0. 1. 4RI pH FE , 767 R T 4k 2
FE48 h 5, BB DR T A TR TG
1.3 (&) & mnRIE
1.3.1 Byl X SRqimiit

B (R) BB EE S E A, 7E Bruker D8 Advance
X FHERATEHY _EFEATRTE 43 HT (Powder XRD).
ZAE K . Cu Ka(A =0. 154 18 nm) F& 5T, 45 % 40 kV,
B 40 mA, FIHEEEE 10(°) -min ™", 2K 0. 02°.

1.3.2 R

(2 A AL H A i Lk 18 R (Specific Surface
Avea) 5 1 42 H o)y b 3¢ 10 A FL AR 43 A 43 B4
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633 nm) P %E. MK AT, 3 FlvE A AL ERE S 2 0 A
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1.4 WZRAFIR 2 SE
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pH 2 5.0, —BHf[E] N, Bk CO,. 7£ 50 mL ¥k}
BT SEHIA pH 5.0 19 10 mL R34 A HL
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(2) FALE B 294 0.03 g L& AL(OH) ,,
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AR i L G e i
1.5 Wfftsh i

Sy BT 3. 2 A125 gL' BIGEIE AI(OH) , |
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Th M P YREE N 522 wmol - L', S of A& b 5 4
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1 EZER AI(OH),. $BAF o-Al, O, HIHBLTEHT BT
Fig. 1 Powder XRD patterns of amorphous AI(OH) 5,
boehmite and a-Al, O

(¢) a-AlaO5

E2 ZEF AI(OH),. $HBAF oAl 0, HWEESEFERIEE
Fig. 2 TEM images of amorphous AI(OH) 5, boehmite and a-Al, 05
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JE AI(OH) , > a-AL O, > Zhllbf1. 2 DL i it A
KGRI, K/NIF . TEE T AL(OH) , > il
A > a-ALO,. AU 3 Rl (&) E AL XA LB 1) I
B S8t Bt 4% s B85 1% T = T RIS, 59 5 BTAY AL OH)

XA WU HLAT 5 A W B 6B T, 3 mT BE R i TR
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W R SR R B T B A5 (R AR T
e AR E T, IR Es SRR (R) FAb Xt
THP {35 Ak, i %F GP Al GOP |y 3 Al J1 4/
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AAbmRRmas A, RS A AR A S (R)
AR R 25 [ FEAE AT, BRI osiss 17 H 5 ()
FALERFREMIER . ATP 5 (&) B8 r B/
Lt GP il G6P RYEREL A, T GES2 F T LA 1 JE 141 A

5 (L) LRI 37 9 26 S 0 1 ik AT A 5832 , R T
HCRRAFFEDIXE ATP A1 (L) SRS 2 a2 R 1 3
RIS/, T L AT 43 B = 385 Wl i ] ek
LI SRR

18 | @ FEEIEAIOH); (b) W

¥

m
==
T4

GP
G6P
ATP
IHP

4 + 20

N =
W“‘ T

% 45 JiE /pmol-m

1

1

1

1 1 I I

0
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L 0
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I 1 1
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0 50 100 150 200 250 300 350 200 400
P i e E (umol- L1 - i e i umol - L' SF il e JE/umol-L7!
3 EEF A(OH),. $BAEM oAl 0, X EV BRI Z IR IR M h 2k
Fig. 3 Sorption isotherms of organic phosphorus on amorphous AI( OH) 5, boehmite and a-Al, O,
®1 (8) SENENBLAYMHSBRMBLELESH
Table 1 Langmuir isotherm parameters of sorption of organic phosphorus on aluminum (oxyhydr) oxides
. ) N o (=} I SE=N)) =] I (+EL2) ngﬁ*nﬁ.‘g»ﬁ =] I (h=13)
G A AR T POCRER SR B W ORI B
/ pmol - m /mol - g /L pmol /mol - g
GP 172 3.83+0.13 279.78 0.04 279.78
FosE T AL(OH) G6P 260 2.15+0.08 157.23 0. 06 157.23
ATP 505 1.64 +0. 10 119. 62 1.20 358.87
IHP 660 16.01 +0.78 1168.99 22.86 7013.95
GP 172 1.72 +0.07 197. 00 0.14 196. 99
G6P 260 1.40 0. 04 160. 10 0.12 160. 10
P *
ATP 505 0.97 £0.05 111.51 2.17 334.52
IHP 660 0.73 +£0.06 83.77 0.95 502. 64
GP 172 2.55+0.12 23.76 0.04 23.76
G6P 260 1.81 +0. 10 16.91 0.15 16.91
a-Al, O,
’ ATP 505 1.12 0. 04 10.43 2.34 31.29
IHP 660 1.13 £0. 06 10. 53 7.03 63.20

1) Rt LASRLA TR B B8 DL B 5 2) e MR Bt LA B (57 O it W BE A DL I A 15 3) e ARG A & LA A7 Jo e W

A BB P B T B A T

AL RST 5 A2 S50 52 e H AR X I B A 7
h A DU TE B A o-AL O, T (1) W B 225 5 1
Bl A B AR T 23 BT (193 s/, B . GP (1. 72
wmol-m ™ Fl 2.55 wmol-m™>) > G6P ( 1.40
pmol-m ™ Al 1.81 wmol-m™>) > ATP ( 0.97
pmol-m ™ A1 1.12 pmol:m™>) > IHP ( 0.73
pwmol +m 1 1. 13 wmol-m ) , WK 4(a) F14(b). X
SN A T s TR BHARON A G, 43
TSR, Hs A0 H A Wi o 2 AR 2 ) A
PR 5 ROT B K, Fh ™ A= 12 [l 457 BH 80N, S S50iE iR
Oy FHELI BB 241 A o-AL O, FLER, R ifii % THP
(W B A, o R SE R N g GPE B
22200 AR S RSHER ) THP 7255 51

AL(OH) 5 R AT 14 M B 4% B G T H B A HLBE. 5540
JiTr) AL(OH) , W B HILE % /NI 4 - THP (16. 01
pmol-m ™) > GP (3.83 pmol:m™>) > G6P (2.15
wmol +m ~>) > ATP(1.64 wmol-m ) [ El 4(c)]. HHFR
S EA 6 NBERRIEIA, 455 e 10k, TR 0 E B
AL(OH), HYIfR I INAVERES 75 THP 285 8 Al
FOHT B S A TR 122 T2 R R, B H A 40 5 1 5 R o
TERR A IR RRZS S W e Al 1 R IEULTE , AT KR A
HEWRRE. AER AR b BT R A 135 T R
AR, A o-AL O, X HE R 4 W Bt /)
TICEIE AL(OH) . N A REHARMT T W, JoHLwk
TERRSEMI R TR T L R I iR T 25 51, 18
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Table 2 Sorption kinetic rates of organic phosphorus onto aluminum (oxyhydr) oxides
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Fig. 6 Desorption kinetics of organic phosphorus from boehmite by KCI and citrate
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Table 3 Desorption parameters of organic phosphorus from hoehmite
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