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Reaction Mechanism of Soluble Silicic Acid with Aluminum in
Natural Water
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Abstract The reaction mechanism between soluble silicic acid and aluminum in natural water was studied
by the detection of concentrations of monomer and soluble aluminum. The concentrations of aluminum were
determined by an 8-hydroxyquinoline fluorometric method, and the mechanism was confirmed by thermo-
dynamic calculation. The results indicated that both the monomer and polymer silicic acids mainly reacted
with the monomer aluminum to form soluble aluminosilicates. The capacity of combination between mono-
mer silicic acid and monomer auminum was weak, while it was stronger between the polymer silicic acid
and monomer aluminum and the products were mainly bidentate or tridentate coordination compounds.
During the reaction process, pH played an important role that the reaction could be notably promoted in
dightly alkaline solution.
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lution

UEERR MRS B AR, AR R i AR Rk B

0.244 (a) pH=7.00
T, 0204
E
£ 0164 G —— .
g 1 g Total aluminum
§ 0.12 1 -0~ Monomer aluminum
§ —m— Soluble aluminum (determined data)
g 0087 O —— Soluble aluminum (theoretical value)
E BN\(.. -O- Suspended aluminum
- ‘oL,
E 0.04 e
< 0\026‘ ....... Beee: 5
0‘00 T T T T T T T T T T T
0 5 10 15 20 25
Silicic acid concentration/(mg-L™")
0247 () pH=8.00
2 |
& 0.20
= J
= Lt - — =
g 016
£ 1 s
g o4 N
= ] \
8 \
£ 0.08- AN
£ 1 o,
£ 004 RN
o e} O O
0.00
0 5 10 15 20 25

Silicic acid concentration/(mg-L™")

Bl 3 JRIEMR AR AN SV A 7 P BRI BE IR AR AL 0
Figure 3 Aluminum species concentration variation with sili-
con concentration in polymer silicic acid and alum reaction solu-
tion

S BUAH S AR #s, I 3amrsn: 24 pH=7.00 i,
P T SRR IR 11 5 | N A 75 i BRI B IV T i (F 0.094
THA 0157 mgeL ), 15 WIBEARFEAAS; [, iz
LA JEE I A T 1 S S R B, B O
mgeL ' I 0.068 mgeL ' £ 25 mgeL * ¥ 0.015
mgeL . X3 W SRR 5 B R AR I 45 A R ) L B A
fig v, NIRRT SO AR A, A
T PR BT AR IR PR TG B AT AR AR TR PR S N 4 1 B
W pH T 2] 8.00 (K 3b), [AIFE RS LIS RIS 45
.

PH it P 5 ek R S I, (AR B0 2500 T, A A ) 444
LR R S SRR TR 1 BRI R AR R RS VA RS
F A, R A AR T P B i R AP AR5 v 3K o 4 ) T
B EWFR, W PERE R X R AR (0 S R
AR E R R ARG A, AT AI(OH)(s)
PURE MR, ERERN 48 8 1, B4R B T
DUUE IR b, AT B AR 458, (AR A 38
L 5 S IS B TE o0 — SE T G b A BRARRE. BE 4%
PF R (pH=8.00), H{E# M T ZLLF R A (AIO; )T



2628 %

FAAE, AT AR AR T 75 (0 A% A, 4% 56 4 4 % L
WP A R AR R Sh D (A SRR A AE RS, kX
BRI LIV AR, RO A A 2= 1) HAS B
h T B RO IR S R R S LR, A 0 B
BRI AFAE AT BN b R K 2 R T
2.2 HEBNEFEERSMRMISERED

K A SR AR R 55 1E [RIFE 1 4 1F T EAT
WU, W& 5am 4, 24 pH=7.00 1, BIFANERTE
M EIAEETRA, 2 h BARRER 58%; £ %KLL
B R BRI /K AR 35 n, 20 IR AR ERIR T 41.7%. )
RS EAT FI ZAL NMR 2347 45 5 3 v vh i
RAHEEN Alig04(OH) o4 (H20), (K 4). BEFE R
SRIETRVR BE (R 1 0, PRAZ AR TR B AT S X a9, (B
5 3a M LLE AR IR I =N, i b R
RErE/NT 15 mgel N, WS ARER I T SEA (R R AR
UIREERR ST 15 mgeL LI, YARREIR A B
Fhemr. R, 2N pH=8.00 i (& Bb), ¥ i a
AR B R FRAE R KT, 200 BRRIR 1 40%. {H
I, BEAE BRI GBI, Wb B TR AR R
BE AR EAREI I, MREERRIKE N 25 mge
L, 2045 80%I1) V7 ARG Akl v .

0.3
0.2

0.1

o N —
-0.14
-0.2+

Abundance

2400 180.0 1200 600 0  -60.0 -120.0

1)

4 REEAEN ZAINMR i &
Figure4 The polyaluminumchloride 2’Al NMR spectrum

WFSE R, B0 SR R A A 2R G O Bl S 8, iy
T i S5 ) A e N ok SR A R v 0 i B N b
ITHIBRZENS. 78R G, 480 T &
RS N RA B R, e e b e 7
LR ZE et R SRR, AR LIRS IR
BIESERAEAE, AR T IHR SONV R A, AEARERR
b5 PR R () S N A2 B BR . T B SR B R T 2 4%
BRI AR AL I SRR RNV TE B HAS, i 3%
(I AR BRI BE T
2.3 RNAEIHIE M

BT VB IGRRIE S A N, B A KRB 1]
AR BRI AR BRSNS N TEDRE R AR IR R

% Vol. 66, 2008
0244
i -0+ Monomer aluminum
5 0204 —=— Soluble aluminum (determined data)
E/ -0~ Suspended aluminum
E 0164 Total aluminum
= |
B O——0—__ —"
5 0124 O>Q<
g 1 a——" 0—5
o
g 0.08
g 1 o.. (a) pH="7.00
E 0047 e
= o,
< 1 .
[ = R T [ P o
0.00 +— ; : — :
0 5 10 15 20 25
Silicic acid concentration/(mg-L"!)
024 e
= (b) pH = 8.00
) g
2o 020 —" "
£ /
2
o 0.16 u
g 1 l/
5§ 0124 o
5 o R
Q *.
E 0084 TNgLL
= =]
£ \ g
4 o e O-....
_g 0.04 O\O\o\'
< (o]
0.00 T T T T T T T T
0 5 10 15 20 25

Silicic acid concentration/(mg-L™")

B 5 RS PAC RINVAKR B G BE ik BRI B 1 A2 {1
L

Figure 5 Aluminum species concentration variation with sili-
con concentration in polymer silicic acid and polyaluminumchlo-
ride reaction solution

BRI IR SR T A A B, B 6 iR AR AR
A SAER 5 JEE IR SRV AR AR v PR R R A B s
I R PR AR A 1 . K HIE 20 °C, ¥ pH=7.00,
RERRIKIE h 25.0 mgeL*. HI &l 6 A0, PR AR B I
[ EALREEANAS, R EEAE 1 d S8R . Tf
Jii, BRI S IV A 25 v PR AR B A 82 B B [ £
FirfaoE, RO SIS BRI SOV AR R s e
g% boHES. FFER), 7R ARER SR SR I R VAR R
R AR ER R AR B A A LR AR AR, AR R R
Bk & b, BRAE SRR S DL ORORZ BR BT AR R
Al(OH)s(S)TENAFAE, 25 5y 5k R I B A A s AR FE AR
re R B R 1, DRT I A R A0 A0 R F I () A S 2k 380 £ e
MAER A F AR R, W BT R R A
AR T, PR RIS BEE e T B A ).
2.4 [RREIHERERGT

FRTE IR AN R AR IR Re S AR R N AR A —
SEVRIRTE I TEED R Eh (HAS), MM AE— & FERE B T8



No. 23

EOCREE: ROUK P MR 5 B 2R A LB AR 2629

0.24 9 (a) Aly(SO,); + polymer silicic acid

0.20

0164 m—m— n ]

0.12
-0+ Monomer aluminum

0.084 — Soluble aluminum (determined data)
------ Total aluminum

0.04

Aluminum concentration/(mg-L1)

0~00 T T T T T T T T T T T T T T T

Reaction time/d

0.24 9 (b) PAC + polymer silicic acid
4 ]
%0 0.20 .
] -
% " —"
& 016
g .
§ 012+
=] |
3
g 0.08
£ 1
E 0.04
< 1o. .g--gQ----- O--vcmemrmes (IR R [m]
0.00 T T T T T T T T
0 1 2 3 4 3 6 7

Reaction time/d
B 6 NI NRFIR S PAC NI SRR AR AR T
FERI M
Figure 6 The effect of reaction time on aluminum species
variation in polymer silicic acid and polyaluminumchloride solu-
tion
(a) Alum and polymer silicic acid solution and (b) polyauminumchloride and
polymer silicic acid solution both with [SiOz]=25 mgeL %, t=20 ‘C, and
pH=7.00

SETE ALOH)(S) T I, AEAH A ARES IR B T iy, 1X—
AR AT g 1 P aQ) A (10) KR, A B o
pKn=2.38 Hl pK,=11.7—Ig[H™ ] em. {55 S W /55 J

RTINS T P IK B P EPIR A, TR ) 277 R R4 S
MFEREATRIR (R 1), AR IS R T 20
Bl 3 b BT, AP T R AR OO i Bk
FE e RE LR T BB, X P R AR RERR 5
2 RE VMRS AT 0%, A8 P PE S IRV ERA B rh R (1
iR LA, S B R E (), ARG S A T I T A
M LK BP0, ARREERR S AR RN P L K,
Z 5 [N SN m AT G, TSR AR K AR

B K.

_{(—SiOH)y m (—SIO)mAl} _ K,

p {(_SOH)n}X{Al 3+} {H +} =10

HTP 3 ATEN, AR i B P BE VR B AT S
REMS T VD&, VUHISRAERR A 45 & e ok T Fik
TEMR, (849 S AR RO IN (8] W IR 2. R, AR SR A
RS EHAE mATK, S5 RN ECA S8 H A
A, P HAS IS RAF RO ZE 5, Wk 7 Jos.
TRIG I RE Y, B B AR T o SR ek P AR T ) 5 T v S e e
I, VOIS ™) A 45 5 RE o SR 0 22 WA RC 5400, R I
AL BN R, A8 4525 55 S W IR A i 2052 21 PR
B, R OL PANKT 4 N, n] DU B e
PR3 AR B AR BNE P A g 5 B — G E 5.

W& 1 @)@ T 40, TR 5 AR K S N 4 B AL
TR R, VR pH RN SR R R R R A
EEERLW. BEERR pH BIRER, K AR T ROV A7
AT, TRV, A6 R o TR P A 45 v A A R B AR,
SN 52 20 R0 R e B ) 0 PR At e A< 4 .

3 g

TEEMRAE R AR K P A7 A, AT 25 58 S N A

R ARRPI RN SV 5

Tablel The main reactions and constantsin the solution

No. Equation Resaction constant pK Reference
1 Al(OH)5(s)=AI*"+30H" Ks 33.0 13
2 Al¥' +H,0=AIOH?'+H" Ky 4.99 14
3 AI¥"+2H,0= AI(OH)3 +2H" S 10.1 14
4 Al**43H,0= AI(OH) +3H" B3 27.0 13
5 Al**44H,0= Al(OH); +4H" Ba 23.0 14
6 2A1% 4 2H,0= Al,(OH)3" +2H" P 6.3 13
7 7AIR +17H,0= Al;(OH)} +17H" B17 48.8 13
8 13A13" +34H,0= Al;3(OH)3 +34H" Przsa 97.4 13
9 AI®"+Si(OH),= AIOSI(OH)3" +H" Km 2.38 9
10 (—SiOH),+AI*" =(—SiOH)y-m(— SIO) Al +mH " Ko 11.7—Ig[H"]*m 4
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