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() KBER P IEE (AP S EAI RS A T4, BKS AP 09 0R BE b = i A 0 v B2
R, ALS,Os (OH), + 6H' = 2AP* + 2H,Si0,° + H,0, IgK,, = 6. 87, [AP* 1= KiJ*/
[HSi0° ] x [H* 1%, # K" = KY?/[H,Si0,"]

(2)FSRK R+ 3By i b (g RERR R B AOR 9, B Si(OH) ", B 4E H, S0,

e — MR AR K b R R R A VR B TR (S 300pmol - L1, 8 ok B B IR R T
(1K = — 4.00) %35 4l I R RR AR BE ), B RERRYR BE 2 100pmol- L1,

)T R R R, % IR E TR R o)

(4)Fe 1 Mn W45 & R R & B AE P (S50 BB F4n F~ 1 SOf - BRI A1EHE.

(5)H HLER & F Driscoll %42 H #9 = T8 H;Org, HIR T A F VB LS AlHOrg HI
AlOrg® %8 I FRARMFEKFENBMUFHRBRE, ARARNENRSBEAE R RN EEHE,
o5 55 B T 25 HELALLH SR R 4 SR R LR 7K S 3 A A 0 B T LU DS A LA . Driscoll %738
13 %% Adirondack WiH X #9 1128 NKBERKLES BT, HE T 4 FETIBRRE, K3k
B =R FAEVE H;Org AR, MR B S EHRERBAFE.

)BT EKPRESIEEELY AL (OH),* fl AL (OH);" WHEREESHE
RO (ERER R SR AIH, PO 12

(7 EREERR S AT L g 156,

REFHETE.

Cr=[AP*]+[Al~OH]+ [Al-SO,] + [Al- F] + [Al- Org] + [Al - Poly] + [ Al - PO, ]

e A A5 B LA R R B A R BB R SCHR (S, 6] (A QBASICIES MR . BASH

N BEOIEF(F, S0, DOC, H,PO, VMR EE, IR, BEBR M VR BE ) pH {H.

2 ZREit®

2.1 #EAXRE pH AT 5EREERTHHR A KT HEL 26

B 1 REREIE S48 0 T4 4 A B8 pH E AT L. pH H7E 3 Bl 4 Z BT, £
HEEE AL, RESESHEALESBML . HHRUERN, BRRIEWEREREX, BX
BB KER, BETRAETFHRETESES AP A EERS. 5=KB 6 FE
B, TURARESBEREHHHHEE/D BIMARESSHRRESFE K, T
SR RIEW, BSAEMRTEN K, (8K, =7 OBNMEKEEFEY 1gK,=9.35), &
MEESHENKRESR TR BERESSEMKRERS.

ERRKE pHEEE (4 7 21), BEBUBRALREY, FIBUKAKERBTE.
HEiS AP BRRE S WMERRESYWNR L. B pH EE KN, BERRNBERET
AN BB ERERE, SRABFEEE. EREES AP HHEE/D. BRRESY
MERBEE S HIET G EIR/ DR E A RERR B RAR S AP 288 R BUR /D, BLALRE S 8BS T
sl . pH HE KA, BFEUSKRERNEREE, BHHOH 5 F AEFHENETFF
%, RE B OH” By 5B H EERAN, W HRABBEERE AI(OH), BIEEH
i _
M2 RERRFN pH E TRl A FEN ZKE 6 FEN S EKREHE. dTEHERT
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Fig.1 Distribution of various Al species 1. E“@,EE*E%L@:Z.E*%E@WSFﬁ
as function of pH (C'p= Sgmol+L "}, Fig.2 lg(Total Al mol-17!) as function
C’s0s = 100pmol* L™, DOC = 1000ymol* L1, of pH (Parameters are the same
t=25C) 1.AP*; 2.Al-F; 3.Al- Org; as those in Fig.1)
4.A(OH); ; 5.AI(OH); ; 6.A1-PO,; 1. Kaolinite; 2. Gibbsite!®!

7.AI(OH)?* ; 8.Al~S0,; 9.Al - Poly

SRR pH E (BURSB MM AR ) U R BLALH ¥R BE (40 OH ™) 54 BL AL T 3 n4g
BRI SR TS A E RN FAERESEREE pHESN N 6.5 RN EREN
pHTF, 5B ATENEAREHER S KEETRHEEREER 2 Z3NMEEE
A EHIREETENTEREEN, TEEFBRHB/MIEA RS AP RKER/ MY 2 MIERE,
HEBREEGYHIRERRASHN BE5EmS AP KEREY, BMERSEBRERET
R .
2.2 WHRBTETEIHHEE
22,1 BEEROAE BRANEBRIEERY ELEWeH T, (AP 15[HSIOS 2R
R, [H SO JHARRE S AP IR E, B [H,SiO 1L 4 4 T B ik R AL ) i BB
Ko RET AL, BFEI[H,SIO, "] R¥ W5 =6 A BAHFEHHRRKFREEIMMBEKRE
M—AEEEE, ERLE3.

LR K E R (10 *mol- L™1) 5 pH B/MET, B 7S AP W E HRMK, B AL K&
B AP R T REW (B 3g), FTLA[HSIO 18/, B K, B K, REBEN SR LIS, X
MERE=ZKEETFENERR—HM. pH KT 6.5 &, BHEEESE (AI(OH) Y RRHTE
&, 7ERE pH T, AI(OH); MW ENBRT K,,', Bl H,SIO Wk ERRE W BERE, #
B ERS AR MB/S, IRBEREHES.
222 BEBFF ,ANKRM SO, t9RE ERAKEH pHEEH, FIER F UK
OH REB/EAWBREBEMRAN, ENZEFEERES.

KR, P~ B B — AR BN (220 10pmol - L)), 78 pH B/ T 4 B, AR K
BT F MKE AP AEEBRESYES(H ), kit FIILFR LU AIF, WEAE
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Fig.3 Influence of concentration of HySiO4° on the speciation of aluminum and concentration of total Al.
(Parameters are the same as those in Fig. 1 except that the concentration of DOC is 100umol-L™!)
(a)AP*; (b)AI(OH)?* ;(c)AI(OH); 5(d) AI(OH); 5 (e)Al—S0y;
() Al—F; (g)Al—Poly; (h)Al~POy; (i) Al—Org; (j)1g(Cypa a/mol- L")
TE.pHEE 4 31 5.5 Z 00, BRBHIRERK, BEROCSHESYM AIFP B HE .
TEpHIES.SE 6.5 2, BRAEMREEM, F IREET TEKE, BREAZEYRAE
MEMEBERS(E ), BEREBAEEUGHSH F HE(B 4).pHKF6.5/5, B 24
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Fig.4 Distribution of Al-F (to total Fig.5 Influence of concentration of
concentration of F) at different pH DOC on the distribution of Al species at pHS. S
Parameters are the same as those in Fig.3 Other parameters are the same as those in Fig. 1

RREMKERRTR HEHF OH RENEE, 5 F REMBHEL, FEHEN F IR

BULMEZHENRNER BARSERRENESY dTEERKETEESHE
HLER, BENMSBMESENETHE, EMA ST BB S RE . # R Driscoll HHEA,
RAEAEYE(DOC)RREEAVRMKE, WA= TR, EEFEHEVESESY. B S
REBFEANRKEMBSESEEMAHEME. E—MAEN pHET, DOC MKEHE R
HEETEES A THMFNR, BRESYMEEREENHFN R ERR, HENBESY
WP A AR K, RAFNRFESRA AR ER S 5ER.

BAR SO}~ FER Rk iR B ¥ B EL B (Z020 400pmol - L™ {B SOF~ 5 AP R AL

BENTRSS % pH KT 4 B, SO BB RMENBROETW F FRATLFHLUE b S
R, AATE pH 5K SO; ™ MR =BT, Al—SO, B &M A LB KHH.
2.2.3 BE BEXWTEEERNENRERNESSHA.RMA Van't Hoff 7T 1gK =1gK”
+AH(1/T* -1/T)/(2.303R) KRR IEREMNL W, T" W2 X BEE 298K, T HEREE
8. Bt 1g{ AICOH)?* ] = 1IgK, K,,” — 2pH, [AI(OH)** ]#E 4 & pH TBURT KK, . T
lgK K’ =1gK{ K.y +(1/T* —1/T)(AH{ + AHg)/(2.303R), H(AH{ + AHG)<0, T
WE,1/T" -1/T#K, MK K, 8N K Ky, [AI(OH)** 188K ; B E T T (AH/
+AH ) >0 9t BRE AT AN, BR T AI(OH), LASH, Fak 095848 & 4 i vk SE AR B IR 52 &
BT, B4 HREOERERR, 88 AH + AH, AT EBRK, TmBERK, Bk
ETRESHSM, WHE 6(a) - (). ‘

WA BEREN W RE 6G). pHE/MTF 6.5 8, FLEMN pHE T, BERS, WA
HEPHKERK (B AIOH), S BEEHE 1, WEBEAS A(OH), HKEMN), B4
MYk B L B RRAK ; pH KT 6.5 )5, BB R, AI(OH), Hvk B =, & FIuht AI(OH), &%
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Fig.6 Influence of temperature on alminum speciation and concentration of total Al.

(Parameters are the same as those in Fig.3)
(a)AP*; (b)AI(OH)?* ; (c)AI(OH); ;(d) AOH){ ; (e)Al—SO;;
(D)AI—F; (g)Al—Poly; (h) Al—PO,; (i) Al—Org; (j)1g(C ey a/mol- L)
BN, FEREN pHET, BE R B A9 558 WK B B K T 18 B AR B a9 B8 vk BE, B LU R
AR 3T
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.28x1077 3.7x1077 5.73x1077 1.44x107° 1.3x1076 4.26x10"% 5.2x107% 3.1x1077 2.52x1076 2.83x10°6
L01x107% 3.26x1076 5.05x10°7 1.27%107 " 4.79%1075 6.7x10°¢ 1.3x1077 7.67x107¢ 7.85x1075 8.63x10"5
63x107% 3.71x10°% 3.63%x1077 3.63%x10712 2.6X107% 6.71x1076 4.5%107¢ 3.83x107¢ 7.3x10°5 8.15x10°%
L74%1076 5x10°6  3.1x107¢ 1.23x107° 1.72x1075 8.8x10°7 4x1077 2.24x107¢ 3.39x107% 3.61x10°%
26 1.8%X1075 9.24X10°6 4.53%107°% 1.14x107° 3.83%10°5 4.61x107% 2x10"7 1.33X1075 7.45x10°5 8.8x1075
» BEFER pH 4, BLHR pmol'L—l):

(1) Sam O Age 0: pH=4.33, DOC=1000, Si=14, t=25C, Csp, =25.3, Cp=5, Ali=3, Al-Org=2;

(2) pH=4.14, DOC=1041, Si=14.9, t=25C, Csn, =37.4, Cp=S5, Ali=3.9, Al-Org=3.1;

(3) pH=4.13, DOC=1447, Si=17, t=25¥C, Cso, =49.8,Cr=5, Ali=3.9, Al-Org=3.4;

(4) pH=3.87, DOC=1197, Si=21, t=25C, qu‘=60.7,CF=S, Ali=9.6, Al-Org=3.8;

*1 ERKEPEESLA" B {7 mol-L~!
Tab.1 Determination of aluminum speciation in real waters (unit: mol-L ')

No  AB* A(OH)?*  ANOH);  AKOH)J Al—F Al—SOq  Al—PO, Al—Org Ali Jt-:}
1 3.3¢x1076 1.27x107% 4.71x1077 8.2x10" " 4.56x107% 6.73x 1078 3.71x10°7 1.39x107% 1.0x1075 2.4x107S
2 2.06x107% 8.97x1077 3.82x1077 8.95x 10" 4.37x107% 5.96x107% 2.25x10"7 1.2x107% 7.93x107¢ 2x1073
3 4.15x107% 1.36x107¢ 4.36x1077 6.06X10711 4.62x1076 1.36%x10"7 4.41x1077 2.19x10"% 1.1x1075 3.3x1073
4 4.32x107% 1.29%1076 3.81x1077 4.55x107 1 4.63x107% 1.86x1077 4.53x1077 1.75%X107% 1.1x107% 7.88x1073
§ 2.22%107% 4.39x1076 8.54x10°7 4.51x107 1 4.91x107¢ 9.14x 1077 2.31x107¢ 4.48x1075 3.47x10"% 8.04x 10" ¢
6 4.46x107¢ 1.14x1075 2.85x1077 2.25x 10" 4.65x 1076 8.75x1078 4.94x10°7 3.95x1075 1.05x10°% 1.51x107°
7 1.55X107% 4.45%1077 1.25x1077 1.26x 10" 4.23x107¢ 4.15x107% 1.71x1077 2.61x107% 6.35x107¢ 9.17x107¢
8 4.71x107% 9.47x1077 1.87%x1077 9.82%10712 4.66x107% 1.5x10°7 5.02x1077 3.86x107% 1.05%x1075 1.50x10"%
9 1.07X1075 1.48x107% 2.01x1077 5.07X10712 4.83x107% 4.12x1077 1.13x107% 5.73x 107 1.84%1075 2.45x10°3
10 2.04x107% 2.39%107¢ 2.77x1077 5.13x10712 4.91x 1076 7.88x 1077 2.13x107¢ 5.69%X107¢ 2.88x107% 3.66x10°
11 1.37%1078% 2.37x107% 3.99x 1078 1.46x1071° 1.07x107¢ 2.26x1071° 1.51x107% 1.8x1077 1.15%107¢ 1.33x107¢
12 5.4x1078 5.65%x107°% 5.78x 1078 7.81x 107 % 1.97x107¢ 9.4x1071 5.9x107? 7.26x1077 2.14x107% 2.87x10°¢
13 4.03%1078 4.25%107% 4.39x1073 6.17x1071 1.75x107¢ 8.39x10710 4.35%x 1072 2.49x10"7 1.88x107¢ 2.13x 106
14 1.05%1077 7.62x107% 5.41x1078 3.65%x 1071 2.43x107¢ 2.53x107° 1.13x107% 2.81x1077 2.66x107% 2.96x 1076
15 8.24x 1078 6.82x1078 5.56x1078 5.02x10°1 2.24x107¢ 2.29%x107% 8.71%x107% 1.62x1077 2.45x1076 2.62x10°°
16 7.92x1076 1.27x107¢ 1.99x1077 6.08x 10712 1.75x107¢ 3.84x10"7 8.87x1077 1.32x107% 1.24x1075 2.57x10 "%
17 3.62x1078 3.7x107% 3.66x107% 4.18x107 " 1.29x107 5.77x1071° 4.24x107% 5.46x107% 1.4x107% 1.45x107¢
18 3.44% 1077 6.88x107% 1.33x1078 5.88x 1071 2.69x 1077 7.21x10" " 4x10710 2.7x107% 2.93x1077 3.2x10"’
19 3.22x1077 1.04x1077 3.32x1078 4.54x 10712 7.97x 1076 3.54x 1078 2.74x 1078 1.24x1077 8.43x107¢ 8.59x 10" ¢
20 7.78x10°7 7.96%1077 7.78x1077 7.78x10710 8.55x10"7 6.4x10"% 4x10°% 7.87x1077 3.37x107% 4.06x107¢
21 1.65%107% 1.34x107% 1.04x1076 6.55x 1071 1.81x10°¢ 1.52x10"7 3.2x107% 2.9x1077 5.98x107¢ 6.27x 10

2

2

3

7

(5) pH=3.9, DOC=1566, Si=14.1, t=25C, ng‘=59.6,Cp=5. Ali=2.5, Al-Org=1.8;

(6) Sam B Age 0: pH=4.66, DOC=339, Si=34.4, ¢=25C, Cso, =24.7,CF =5, Ali=8.9, Al-Og=2.1;
(7) pH=4.44, DOC=462, Si=69.6, 1=25C, Cs0, =34.3,Cp=5, Ali=20.7, Al-Org=3;

(8) pH=4.42, DOC=377, Si=64.4, t=25C, 0904:43.4.&::5, Ali=31.2, Al-Org=2.9;

(9) pH=4.32, DOC=417, Si=86.7, t=25TC, Cﬁ)‘=54.2,CF=5, Ali=50.8, Al-Org=2.9;

(10) pH=4.42, DOC=301, Si=73.4, t=25TC, 0504=55A6,CF=5, Ali=62.1, Al-0Org=2.8;

(11) Sam D Age 0: pH=5.57, DOC=223, Si=36.1, t=25C, Csp,=21.2,C¢=5, Ali=2.3, Al-Org=1.1;
(12) pH=5.08, DOC=507, Si=41, 1=25T, Cso, =27.5,Cr=5, Ali=2.6, Al-Org=1.7;

(13) pH=5.15, DOC=223, Si=53, Cso, =27.6,Cr=35, Ali=3.6, Al-Org=1.3;

(14) pH=15.08, DOC=171, Si=62.1, t=25C, Cs0,=32.5,Cr=5, Ali=12.3, Al-Org=1.2;

(15) pH=4.94, DOC=101, Si=52.3, 1=25C, Cso, =38.4,Cp=5, Ali=12.5, Al-Org=1.2; (U L& & ik 12])
(16)[13],pH=4.24, DOC=1170, Si=79, t=25TC, Cso, =60,Cr=1.8, AB* =14.7, Total Al=42;
(17)13),pH=5.22, DOC=65, Si=70, t=25C, Cs0,=18,Cr=3.8, AP* =0.02, Total Al=2;
(18)[13),pH=5.15, DOC=115, Si=98, t=25C, Cso, =24,Cr=3.5, AP* =0.01, Total Al=3;

(19)114), pH=4.14, DOC=26mg/), Si=225, t=25C, Cso, =148.9,Cp=13.2, APB* =5.7, Total Al=21.1;
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(20157 pH=4.37, DOC=100, Si=3.5, t=25C, Cso, =80,C¢=1, Al-F=0.85, Al-OH=0.178, AP* =0.89;
(21)[1%):pH=4.95, DOC=100, Si=3.3, +=25C, Cs0,=90,Cr=2, Al-F=1.22, Al-OH=0.238, AP* =1.37;
(22)15], pH=5.12, DOC=100, Si=3, t=25TC, Cso, =180,Cp=2, Al-F=1.56, Al-OH=0.138, APB* =0.554;
(23)06);pH=4.2, DOC=1000, Si=34, t=25C, Cso, =328,Cp=53, Total Al=116, AP* =19.3;
(24)08).pH=4, DOC=220, Si=75, t=25T, Cso, =185, Cp=27, Toral Al=112, AP* =37.7;
(25)U161, pH=4.8, DOC=90, Si=1.4, 1=25C, Cso, =111, Cp=19, Total Al=34, AP* =8.4;
(26)01%):pH=4.7, DOC=470, Si=1.2, t=25C, Cso, =250,Cr=42, Total Al=81, AP* =19.
2.3 ZERAKEH
13 B SRR E R BOR T2 - S IE N R F W AE, X Bk R 5 E I8 A B TE, RECE
Bok iR RER S M CRF A FERNHER, IEMERRER 1 TREMERENER
i, REBERR RS, 7T T ERKEH . B KEEDNEFRE TRERES AP”
B EENRE, AU UREEESHABEE. —RY pH AT 4.8 B, BHER/ES
B ¥ BE 2R AL 5 A Spemol - L7
HiLEMTREFERENFEERTEARERN, FEEBNEER M EEREK.
X485 RE W9 5 SCHR R AR R B 45 % 300, B Monte Carlo B80S ST TR 4 1 F P-4 % B 2t
B TR R M R R . T B T ROAR R E SO, R s A
IgK % 6.87 +0.808. Bl 7 F M T45% A A ZIT BT H 43 10 R AR K, X5 HE M 2 EH R
K#5 AI(OH); , A(OH); HIERKSWHEWILNHE % pH KEH, R EHRMKREEHE
BIK 107% . B ER TR S TEE HERBREE. XE2]PHET KRN PEFHE,
R RE LRI E RN, BA—EHRRE.

g % X W

W, Lk AR B B AL, 1991.55

Sposito G. The Environmental Chemistry of Aluminum, Boca Raton. 2nd Edition. FL, USA: CRC press, 1995
ERERMEESFERS . HRAFHEBRRB AT RE —FBZ . LR BB 1996.72

BRI KBNS RREST RN ®. B, 1987:45 - 56

Schecher W D & Driscoll C T. An evaluation of the equilibrium calculations within acidification models: the effect of uncertain-

[ N

ty in measured chemical components, Water Resour Res, 1988, 24:533 - 540

6 Bi S P. Investigation of the factors influencing aluminum speciation in natural water equilibrium with the mineral phase gibbsite.
Analyst, 1995, 120:2033 - 2039

7 Paul A A & Rock Quimet. Aluminum speciation in soil solutions: equilibrium calculations. Water, Air and Soil Pollut, 1986,
31:359 - 366

8 Stumm W & Morgan ] J. Aquatic Chemistry, New York: Wiley-Interscience, 1981

9 Tipping E, Woof C & Hurley M A. Humic substances in acid surface waters, modelling aluminum binding, contribution to ion-
ic charge-balance and controls of pH. Water Res, 1991, 25:425-435

10 %, Z2EX. AREFORNE L OET TNABEMERRIE, FPE, 1998,1.72-78

11  Achilli M, Ciceri G & Ferraroli R, et al. Aluminum speciation in aqueous solutions. Water Air Soil Pollut, 1991, 57/58:
139 - 148

12 Hughes S, Norris D A & Stevens P A, et al. Effect of forest age on surface drainage water soil solution aluminum chemistry

in stagnopodzols in waters. Water, Air Soil Pollut, 1994, 77:115-139
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Computer Simulation of the Speciation of Aluminum in Acidic Natural
Waters in Equilibria with the Mineral Phase Kaolinite

[LIU Feng BI Shuping TANG Wei
(Department of Chemistry, Nanjing University, Nanjing 210093, P.R. China)

Abstract

This paper presents a computer simulation to investigate the speciation of aluminum in acidic
natural waters equilibria with mineral kaolinite based on the chemical equilibrium calculation.
Various factors affecting the distribution and concentrations of aluminum complexes are discussed.
Compared with the case of equilibria with gibbsite, some unique characteristics are discovered.
This simulation has been verified by analyzing practical water samples and found in near-perfect a-
greement with the experimental results. The uncertainties in thermodynamic constants are evalu-

ated by the Monte Carlo simulation.

Key Words Aluminum speciation, acid natural waters, kaolinite, Monte Carlo simulation,

computer simulation



