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Abstract: Phosphorus is a nutrient element essential to plant growth and a key one linking biological and abiotic interactions in
ecosystems. An in-depth knowledge of sorption mechanism of phosphate on mineral surface is helpful to understanding the
speciation, translocation, transformation, and bioavailability of phosphate in terrestrial and aquatic environments. In this paper, a
review is presented of progresses in researches on phosphate sorption on mineral surface and its mechanism. Various analytical
techniques or methods, such as quantitative analysis of OH™ released, Zeta potential measurement (electrophoretic mobility
measurement), isothermal titration calorimetry, atomic force microscopy, X-ray photoelectron spectroscopy, infrared spectroscopy,
nuclear magnetic resonance spectroscopy, X-ray absorption spectroscopy, surface complexation model, and quantum chemical
calculation have been used to analyze adsorption mechanism of phosphate on mineral surface from different angles. Adsorption of
phosphate on the surface of minerals (e.g., iron and aluminum oxides) is usually accompanied by exchange of aqueous and
hydroxyl groups. It is generally believed that phosphate mainly forms bidentate binuclear, monodentate mononuclear inner-sphere
complexes on the surface of minerals, which is greatly affected by pH. Both pH and adsorption density of phosphate on the
surface of minerals affect its protonation state. Under special conditions (i.e., low pH, high phosphorus concentration, high
reaction temperature, long adsorption duration, and adsorption by weak crystalline mineral), phosphate adsorbed on the surface of
minerals may transform into phosphate-containing surface precipitates, thus resulting in mineral dissolution and conversion, and
further decrease of phosphate bioavailability. In the end, prospects are discussed about hot spots and orientation of future

researches related to phosphate sorption on the surface of minerals.
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A RZMHL /N, R A 22 BH s S0 WU P el 4%
WA, BRI R NE S EY (B 1);
pH 5 1 5 9 AR 7 2 W e ThT ) B AR, & pH
AT 25 R A RS 45 A4, ik pH B A
T U F A6 AR 25510 LAk, NMR 234 W]
N T AT 2 1 LT AR T, (IR R AR 2 1 £ Aoy
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Fig. 1  Structural models for bidentate and monodentate phosphate
surface complexes'®”!
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HEAh, S 2P NMR —RARMEH] T4k A
BEEASBEY 43H7, 100 Kim SO0/ 0R T il P #
A& BB BB R B IIREOR, OEFE T W ARAE BT
B DOy SRR RN LT R R T A, SR R R
WRAER Y 2 10 32 2 OB SR 11 45510

8 X MR A St Gk

8.1 X H&WMWBAEHNEERFE

X SISO A 25 #9615 ( X-Ray Absorption
Fine Structure, XAFS ) j&—Fp 3L TR0 0 X 14k
HIRI SR W Tk . E XAFS 35 1E T DL 4y W
AR X X FRMIGE 45 ( XANES ) FlI4E
JEH X SRS 20454 ( EXAFS ). XANES [WJE
AR T o A A TS R, Rl
JRF R FEE R, R AR AN A L LA
SR LKA A8 4 U fln, 5 R
FIAS Rl B Rk B 7 AT XY XAFS i FRfE : Fe-
BEFREL AU K ¥ XANES S iy R A 76 A8 X fE
-3 eV MHE MR RTRIE , BEE B P4 T R
TECBER RN, FR R BN AR AT b A R kI
W#m%(ﬁ%&ﬂM% e TR ) s RO 8 R
R AR 0 BERR AR AOGTE AR BE -1 eV I
HA5 E/JL [ %%E[éz]o
8.2 WAEARRF YA S £ 4B R

TR B RR ERFE 5, B K 31 XANES J6
s Sk, FIH#E K 1 XANES Al & & Hr i 7e
W4 o B RE s fid . Khare %51 $E XANES
T 1RV, 0 BRI AR AR K B FRTHE B

B EY); LrESMIE (LCF) 4347 3 W ek
- IR AR R 59%~97 % 1 i TR 4R W% o 7
IKERA TR, B 5 Tl T R R B P 388 o, T B K
BRw 5y FRg i LM N ZERARBE AR L B it
(0.1 mol-kg™" ) s, B Fem B F /K m e s Wt
H (0.2~0.6 mol'kg ™) WEH KM, BERRRARLES Y
2 UH (0 W BN A G s E B e B TR R T A
(1.3 mol-kg ") B, TTRETE B Ml R 41 26 i i e ),
XANES 43#r 8, FEAR R T 2 il B 3% 1 T k-
A KR - S AR AR R, B
MHsRI A Z )G, SR M T 5860, Ean
AR ERAEME R —T YRR, fEERIER
B 5 2 T DT VE P FP AL (AR EH soK k™
iR R, BERRARAEW YR BN B S
AR TTINE . W BHAEIRZE R XANES 4347 WAk
TENE A FE R IR AR R P, R i
TEUE, 1 A 2 0 A RN A4 18] (% AH B4R FH G i
FRI B RZ AR /N s (ER:, FEK R - I A A AL
IR R RIBEIRER IO, R R b
TE1] 40 A FE 0 i e R R A T B 1O kb, B KB
XANES J:i% Al X 43 B AE A 7] Al/Fe L] & A AL P2
UL R4 X T Al/Fe Hol3¢Mi% ( Al/Fe=0.2,
0.5) MFEML, BERRIRILIES ALZSG . (HXTT AlFe
Fefl e (AUFe= 0.75) [IRERY, BEERHR AW
AW, XANES 38R, K% -7 it aiR
HUZET (pH 8~9.5), BRI 7E /KW 2,

AT REE T /KR OH a7 A5 W B = T 7 i
RN B — IR R UK — AR SR &R
T T AR AE 7K R A 3R 1T 40 OB XA P B 3R 1T 2
Pylool, XANES 55 & IR £E /K i eio bk g + 1
W Bk AR e, 2 B B RO R R A L R
R PG A2 B 2 A A K R DA e e AR A R (A
FERJZ 50 nm F1 5 pm Z[A] ), TR R A AR R
J2 50 nm A X 1{1°7, XANES 4316228 pH Hy 4.
6 Al 8 M N, BERRELAE KT —Zh i s —5 )
JE RNV A 3% 1 B A AU 45 55 M4
T A o 21 R A Tl P K R —h AR A (pHL 4
F6), BERREROLSC BN IR A R TR T >k, PRk
BEZEDKERD™ I, HFDETE AR A FePO, ¥ ; 7
BlPE pH N AYRAEAR M, TTIL, BREERAR B W R4
Bl 2Z iR A0 Mg . RIRI 4 0 e L i A R A
pH S R 520
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8.3 BEEH WIREMW A5 FHLEIFHR

# K i1 XANES/EXAFS 1] Y e 5 4 %
T BC AL AL . BERR AR B W - DT vE k. B K 38
EXAFS 73, pH 4.5 X4 T, BRRRARLEE 0
— 7K ST AR TR AL UT BRLAZ . R WUR% R Bty B A 3%
485, NIRRT 455 W i Lo 491 32 Wl R A 3 1 111
farsi (& 2), WEEH] P-O a2 1.51~1.53 A,
XU RUAZ B P-Fe [ 3.2~3.3 A, AR S
I P-Fe [B]#EJ& 3.6 Ao fc 4G9 P-Fe [B]EE & 2.83~
2.87 A, FTHUZXUL P HAS AU, gush, B K
i1 EXAFS JGi%RW, 7R85 %45 (pH 7E 3.0, 4.5
M16.0, IVATE 5 d A 18 d), EMAAK RS
Py 2 Tl S O A ™ 2 1T 1) R BEHLAR A
A BETE B R £h 1 R IRTDTE o VB [ %F P-Fe R
B AL pH AR JR Y R i B G L BRI AR RN ATk
W 2Z (A0 RN ) B, RIH48 B0 P-Fe BRES
g, XANES UK FHUIETE RN, BR
F LI WU 25 G e O M AE K e R 1l ( pH
6; WLFHA 0.75 mol-kg!) VO, &, Wik K
1 XANES %54 d-PDF , ATR-FTIR K [a] B 48 5 X 5F
LA (XRD ) SRS R WIBEE R AR A IR
W B £ 800, 8 B AIL A b XOUAT XA 3 T 5 57 44 ]
ZIGECAL DA S TR T W I R TG R AT IR A U
WU, T R T, BRI AR AR R T 4
Oy I MR UE o o I AR R R 1 35 Al 5tk 27 A 0 /K
B, BAERRM GRS B R . AN, G
S T R K PN G R JE AR R Bk L AT AR PO, SR BB L
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Fig. 2 Conceptual model depicting adsorption of phosphate on
surface of goethite based on P-EXAFS data'®!
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9.1 FREHARBALR

R 45E#H ( Surface Complexation Model,
SCM ) 2 — 2 fuff JH - F7 W8Z B 80 40 7 53 5 7K 1 4 A XL
HLZ I AL 2E A R AT, SCM & 8T FE# )
SRR BC 7 PR A Ay, HEEA R )
s (2) ALY ryRmAE N —M A1 2 5 5k
FAY W B3], e TR AR A i A o 1A RS R B B (A
BRRRAR ) WiAE R M 28 &Y, RAIRE G RN S-S
W B 3t 22 ) 25 A TR 285 IS IO R il 3R R o ek % . e T
KAARBIRIC )z T LR MU A5 1 Tl 1 A
BT R o H UL SCM A5 fH HE 5457 ( Constant
Capacitance Model, CCM ), = JZ#i#I ( Triple Layer
Model, TLM ). #" #/Z=#5%% ( Diffusion Layer Model,
DLM ) Fl L fif 7 fii - 2 5 4% & B AY ( Charge
Distribution and Multisite Surface Complexation,
CD-MUSIC ) %%, CD-MUSIC HHEI S A4 i 14
TE 5502 #1825 16 3 TR VR R A07 52 1100 5 o 1k PN 2 A
W2 i 225 e R THDOBUAL 2 T As [R] A rpuO X A
A8 P2 U LA rPORITY TR
9.2 REZXGEEE S A B0 IR

Goldberg Fl Sposito! Vffi Hf CCM #5% 71 4 i
fE A AR AR A AR T R W s R AE T YR
T _F I N P R 2% S, B A AR R A AL Bk
R B 30 R B S IR L RE A AR L M AL, T e
W B R Y 5 Ak - R R ORI R T 2% AR
Ko B ALEE FITEQL. CCM BEAY n] A4
BR8N AT O BB pH AR G 1Y A R i
BREAIL A 4 = 2 AR AR ATl A K N e 3% T R AR
MR, A IRNIE RIS, BEMT pH
<7 IS A GBI BT o 24 (R A B 3 T 2% 5 W) A7 AE I
TSR B % AR 4 b ASE DL 5 F 5 0.7 mol-L™'NaCl 4%
FEF A E AT R

CD-MUSIC 55 70 AJ fi5 i 1 £k 47 A9 2 I A 1o
P, DARXMREE . pH FIERAMMPE, ¢ Al IEP
DL K OH/P AZ#a 55 Rtk I AT AR G b 4t vk 4 v BT
W R AU BB AAE =R N R TS 5
RPEA g AR 74 . B BT 1A FOBLEA St Tk 46 &
Yy, CD-MUSIC 5B BEAS AR G A4 U AT ER A X i B AR
F14 I BT
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Fig. 3 Inner-sphere phosphate complexes formed on the surface of
ferrihydrite!®”)
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KU AR BUZ = FP LA 77 3K 5 45 6 PR R A
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g 34 T

BRI 5% 2% BH I A7 19 PH B 7 30O SR A DL 25 5%
M B P R A 0 2% T A I PR T052) Rietra 26132
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MR AR EAE T, DFSEERIT, DB —fk R v 3545 1Y
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AT . HA Fl FA 7655090 % 0 A B AR A B4R
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G, AHAN SR Z ML 52 i B AR A I 5 I FA 58
YR R EE A AN KIRE, F Bl R AR A i o LA
RIS HA 5 FA 54H4ks %m0 LR ik
Z 8] AE AR F 32 B R 0 F RN o FA 25 )07 8 TR 422
ALY R, X BEERAR W B S ma T, PRt

BRI FA 5 B TR AR 22 18] 1) i FAH B 1 35 HA DR 58
(EE AN

VTR, WA AT/ A (LCD) W T 4
S rp Tl R o AT AR S T WA R R s o
St I Tl PR MR R R 1 SR ALK, W RS2 NOML R Z A4y
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T, BRI R I B A 25 SR AR AR K SRR
ALY 40% LA L, HEAY IR BT R S5 Al AR AR AR
AR,

Bz, REGABAE T BRARRIIES
15 A, (RJR A T B 2E A i H AR 48 7R 1 & T
FAEA, XFEBAS B] AT 245 8 5006 L SGR N
NESEAGENL, FHRBAEILE .

10 BT

AR, &SR, s B R IS
( Density Function Theory, DFT) ¥ #1E b Gi%F
BO b s AR FE I Yok SR BRI AR TE )
MM ECAPLE . 38O A2 SR AT DL S —
S 5 3R A WA R 1 AT, TR Y X s gy
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it fE RE 5,
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BEREA—94.4 kI mol "7, AL T 12 bR BHE (1 5
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