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Study of the effect of silicic acid on the precipitation of calcium phosphate by
turbidity analysis
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Abstract: Precipitation of calcium phosphate is one of the most common methods to remove phosphate from wastewater. The effects of pH and silicic acid
on the precipitation of calcium phosphate were investigated under the Ca/P = 2 by turbidity analysis method. When the pH was less than 6, the
precipitation of calcium phosphate didn’t occur in a short period. When the pH was more than 7, the precipitation of calcium phosphate occurred
immediately, and the precipitation rate of calcium phosphate was increased with the increasing of pH. The XDR spectra showed that the precipitate species
of calcium phosphate were hydroxyl calcium phosphate, which was thermodynamically most stable species. The initial turbidity of solution was increased
from 10 NTU to 20 NTU in the presence of 7 mg-L™" monosilicic acid, suggesting that the precipitation rate was promoted two times by monosilicic acid.
However, the presence of polysilicic acid decreased the initial turbidity of solution from 10 NTU to zero and inhibited the rate of precipitation. This facts
show that the different forms of silicic acid play different roles in the precipitation rate of calcium phosphate. According to the XRD patterns of
precipitates, which generated under presence of silicic acid system, the precipitate includes hydroxyl calcium phosphate and other calcium phosphate
species under the presence of silicic acid condition.

Keywords: precipitation of calcium phosphate; silicate; turbidity; XRD analysis; inhibition
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PEBERR R 0T S AE 70 W R — Fh A T HE A (9 BR%E
P A AR 70 By b E Y A T U R ARl SR 7
HARF D L AIATERE Y B AR PR iR A2, HE A
RS BRI Tl IR TRl e 20k TR I B4 s
3y, DA 2 F it b 9% U A ik (A MBS, 2010 ; Adam
et al.,2009;Petzet et al.,2012) ., B0y ] 2 F)
JH TR B A e A2 380 T 545 1) IERRF 7)oy B2 B R 7E TS
KA BRI R T, S K AR B IR AL, E O AT
RUBRBE (757K b BB B s N RAE BR B T 25
BRI T 25 AR Z5 G, st Al LA K o [l i il %%
U8, IXRERE RE 42 il K AR T B IR AL IR, SCAE 18 2 9
TR WPEFME T H Y. HAT, WK H Dl i) 7 vk
TG WM/ AT A DIRE D UE Y A B 5
( Yagi et al., 2012; #B I Hb %5, 2008 ; Zimmermann
et al.,2009) b A2 P0TE R HIE G AL 5
125, DABEIR 8 1) I8 20k AR b i B DT TE , #5 MK 4
Hh g3 B RTUAT 94 077 1. T e TRk 9T 0 S I 1 3 I 5 I
PR R pH FILAE A OC. ok b B &
TSR] I 0 v DS i 7 ) A i AN [e) (IR
BEAF,2007 ) b DT 7K b Il Scm ds i DL Y 5 15 2
He R FE R IR E5 5 22641 (Chen et al., 2009 ; Song
et al.,2006; Berg et al., 2005). [ e (2007) WF5%
TR R AR ITVE ¥ 0] WSCRS 1140 52 T & Sl T AR A
I B I 2 AT ok Tl TR 05 T U 5 oz X0 BB A — SR T
B, FH T € TE A RS 5 WA AT L A% 9 1Y S A5 R &4
A4S B B A TR P | 3 8 M A B /K 4 ((Okano
et al.,2013).

T R A2 7K A v 5 3 A7 (9 ) T, b sk 2
KA U2 fik ( B0 3R A XA 5 Vs A AE 7K T Y
WGy RIRAK I RERR R B K290 10 mg- L7 244,
TR BARERR (Si(OH) ) BB RAELE (Tler,
1979) . Tl FHZK — BRI R AR K, 5 A — 5 W JEE HY)
ATV PERERR , 72 Tl K B 98 B4 ATk A& v, |y T
IKHY A ARZE B, W R AE /K P RO RE R (A LAY
R J5T ) R AR, TE— € 1Y 25 AF T 3K 3 a4 A 5 IE
Rt H e THLERUUE. h TRECRJE TR
2 KA B B AR A A I i {H T
FHAK 2D S 5 R IR K —FEVR B B RE IR 5015 ik
T AR 2 1 T B TR 15 9T 0 S I — o, ek R Y A7 A A5 1]
FE X IR 45 U0 0 B g 7 A — 5 B 52 ), PRt F 5
P PR X T TRE 12 ] WSl 1) 52 i) LA — o i AL 2. B
BT, KA e [T s il 12 4 BIE 52 AR 22, (B A G ik
T X WA TR 5 1T U 1) 52 Ml I 03 A DL T ot A

SCIE I BIE ST IR A A 4k TR S W R S L I i
FRISZ IR, SR IR ZK v [l Wi B 2% 11, LI R I 7K
BB IR T B PP 3R R 2 AR

2 LIGEBSY ( Experimental )

2.1 R e K Y A A

S5 FH B T A 3500 2 SR A B . R K 430
VS AR TR R R SN AR, A B EE T 0.1
mol - ™" (14 il R 65 Rl PR — S0 V8 YR PE A 685 V050 R 1l
P AR 11 At 2 Vs . FH TRAE D7 5 e i) 0.1 mol - L' A
PR ARG A VA TR, SR DR R VA TR TP 1) e TR LA PR TR 1Y)
W AEAE A — 8 i 1 SR AL W, (s b
AL B 2R EE N 0.1 mol - L7
2.2 REBRWH A

Bic B 500 mL ¥ JE K 400 mg- L™ AURERRIA W , &
FREIIPEFERR (HI-6 B9 _FHidk, F R R 8 pH
8, AREHiFE 12 h.

2.3 AE AU TR NILE

23.1 TEpHMBRELEEENDH %3
#3150 mL ¥ EE >~ 0.01 mol - L™ NaH, PO, A , B
TREIIPEFEAS EBEFERRIET, A 1 mol - L™' /) NaOH
VWM I pH S 6.7 8, FEAr BN AR EE R 0.01
mol - L' ) Ca(NO, ), 7 300 mL 4kSE4i P #%—
{14 i ) [ o BB R VR B VS VR, #E 8 4K 600 nm IS5
FHAE AT WY 6 ( Alpha- 1506 ) Xif Hoyt B8 R4 7
e S5 Nk B 5 , F 0.45 wm A B8 A I 98 14
AT B8 R A AR TS L XRD R A
(Rigaku RINT 2100) 7E CuKa (40 kV, 20 mA) &1
AT E.

232 BEHERIMBEBRSIENYE USRI
WRIRES ITIE (19 5E ), 76 i IR 45 % B ) 2 A2 o im ACK
(] e 3 P e S (L TR 8 SR Ak R ), 3 ) Y il
JEMAS AL, W 58 R R 25 0 fek T T 1 19 5 0% 1 1)
.

PR R B W S . AE 100 mL ¥ EE R 0.015
mol - L™ [ NaH, PO ¥ W& " A ACAS [] ¥ B 1) PR iR
PRI 100 mL, F 1 mol - L™" ) NaOH ( 5% HCI) I 70K
pH 2 W1 B AH; SR )5 FE A 0.012 mol - L' fY
Ca(NO, ), 250 mL, 4k L2t £ 4 — 5 (1 B 1] 1]
B B YRS VAT, FE D K 600 nm A A5 7F T %o Hepsh i
HEATIN A2

RRERR 52 ) S50 . S R R ARE SR A B 1 R Ak
M, A 500 2.2 1R R e A T R EERR IS W R IE
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Fig.1 Specific experimental procedure

3 R 51Fi8 (Results and discussion)

3.1 A pH Xt 8k B 45 I 0% 3 B 0 %

HRAJE (BTl T2 A [, >R HIAS [l B pHL 31 Rl
T 5 H G Bl R A5 VL U o 5 17 S i) A 24 A B v 4R
Eh BRER RN £ T U v [ SO ) B A pHL Y5 Bl 43 )
J£5.0~8.0.4.5~5.0 1 10.5 L) _I* ( Boisvert et al.,
1997 ;Hsu,1976; Angel,1999) .53 40, pH 1K/
Wi FE PR P FEAE RS, 24 pH<8 I, BEPR LA FARE R 43 1
(Si(OH),) BIEFEALE s 1l pH>8 B, BER 4> F T 1R
HLES P AR RERR AR BS 1 (SiO (OH) 5 ) (Tler, 1979) . %
JE B AE PR PR K 1 S5 A2 o R TR D A IR S
FEAERY pH oA R SF B G TR, ARSC IR e 36 T
pH 7E H PR 4T AR A0 R 5 1 o3 - o, AR Sk
BETEBELL S 201 1 S5 B 58 R ] pH Xl R 45 71
JE R B2 1 2 SAANTE] pH SR AR B B RS
TV VA TR 174 ek J32 o e ) 722 A P A7 450 el P81 RT 280,
ANIA] pH Z 48R, WY B AR Ak AT e AN TR). 24 pH
6 B IR A R (I 2 (E N ) | U B
FEBL AT R s 18] PN S B 2 B il I 5 L0 5 (HL R 1
A B A 3 274 min B, TF46 B8 A% I VA V00 032
ELF 310 min J5 i B2 (B AR Ay [ 78 8, Ul B S 0 36 )
TS pH O 7 I WA IR EE A 10 NTU, 5
VAV T U A B T A TR 805 DT U 5 Bl 5 S o, s ] 1)
FEA V5 A ok BB T G I, EL B 40 min BRI
MR LA AR A T 100 NTU f4 [ 72 (8, 1 I DT TE S v
RENT-ERRAS. M pH A 8 B, V5 VORI 4 D R ik ik
] 100 NTU, BEBATIYE S EE H pH =7 BHRAS 2 7F 10
ST W B R ] ) AR b B I AR 5 pH =

7 WAL A — 60 min 77 A7 FEAR IR 3P i AR
A PR B MUEE (R 240 NTU, U] pH =8 1 5%
PF TV S oy AR TR R B DU . R 0 78 ¥
M 2oy kil pH 4 73 A P (19 75 2 2%, 2002) ]I,
pH M EHA R H LABEIR AR (POY ) BT X AE 7R ) ) ol
PG | A R T AR (Y A2 AL

250

W‘O
200 |- TSR oL
AP O G
5 , * pH=8
150 - ; A pH=7
i / -e- pH=6
100 w
50 f
0 |
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it [H]/min
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Fig.2 The turbidity changes of the calcium phosphate solutions with

time under the different pH

FRPEITTE A= B 1) 28 L FR 8, TOTE A0 A 75 2 —
SE 19175 S B[], T 75 5 B R R LR 3 A B B
(Mullin, 1993) : % F1 B B . 43 A0 78 32 1 A
A BLITCTE 9 B 4311 3R B 43 548 T 7 B2 ) Bk 1] 5 @
W B SRR A JIr it 2 1 s 1) 5 A K B
A2 A AR PTON  4) ACR J  E A IFTRD. 24 pH A 6
I, B R 3 2 DA IR — SR B A TR,
NG IR ESA% ; 24 pH o~ 7 I, iR 2 LIWE R
SRAE A TH T, LB AR Y A2 A2 1 )
Tofr L0384 T, 02 G ol P 65 A% 1) 3 38 A I A8 K 24 pHL
8 I, LABERR AR A IE XA TE B9 4 A L 491 1 — 20 3
I, 55 8 0 IR A TR B G N, 46 T 2%
FI B, 7 BsF ) P A= o8 o %) B R 5 40 752, n
PRSAZE JE W H — B OB RS 1 A%, A a2 I
JOL A IO 9 7 Tl R AT, L0 ok Uk g 15 4 7 TR Y
T0RE AN W 0. 7E B B LU AH R 9 £ R, pHL A
THRAT ) B PR 5 T 0 11 2

Kl 3 FnTEARR pH 2544 Az B i AR 5 1
XRD ] W 2% 7 110 06 XoF 0 1) o 35 35 5 1R 45 1Y)
g 150 A Y R R R TR A T E , X g H A A
WSO BT AR R R — B (T DY B, 2013 SRR £
A5 2011 5 =R 2007 ) . 2 e W R A5 2 W R S
BRI A AR B —Fh AE AR TR pH 2%
PEF A2 A TEARE B B XRD 3% 18 RA — 2, 3 A=
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Fig.3 XRD spectra of solid sample formed in different pH condition

3.2 EEERXTEEER AL YLIE B BN

SRS Ak X Wl TR S U 1 5 T, 76 A O TR
5 ATV YR I A T) o R ) ke R i SR R G
T AR e ) 28 A B 5 ik R Kl T 5 U U o R
BRI R SRR T, kR BV R 50 mg - L A2
A7, SRV B ARG/ IS B 0 T 224 e R W A T L i
JER, TR L PARERR Si(OH) (B IERERR ) MTE X
FETE TV 5 XSV W Bk o Ak 2 o L e i
B, ekl o K 46 & B & AR R BT AN R 2R &
FE B RAERR (Ler, 1979) . 5N ¥ W Ir 5 i %) SR ek
PRV TR A SR 4 2.2 79 R B i 45 R SR A A
[ () VAV
32,1 HEBABBRENENTE BAREE
B EARE R VS I B B s L Ry 201 BRI R, F o X
TTVE T [R5 ). A PRI JIT % o 790 e i 4 3 A ek
iR, 200 FH A Rk R e B AR T A )3 50 mg- L' 141 4
SRS TINA [R] e 8 11%) Bk R %ot A ol Tl T2 465 9 0 1740 V%
VR AR AR S T AT AN SR R B TR
PR B /)N, 40 min PSR S0P A B R 1 V5 W
B ek R348, i 2 BT T A EE 10 388 0, Y TR A ek
MR, 1 BH PR R 2 0 O R A6 1T R 114 A . Y
VSR TP S T B R B AR R TR S 1 R R K
(K, =2.5x107") A1 VR R T BERRES (19 TE 1, A
AT RE IR B SO BT R R 65 1 U, 5 3 Y 1 o
K.

A IR A B T RERRES , R XRD B 7 24
Az B TR RE S AT T RAE. B 5y AR R (28
mg - L7) FEAE S F T AR 0 AR & i XRD % .

200
160
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=
=
= 80
5 A 7mg-L7!
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Fig.4 The turbidity changes of calcium phosphate solution with time
in the presence of monosilicic acid with different

concentrations
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Fig.5 XRD patterns of solid sample formed in the presence of 28

mg-L™" monosilicic acid
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g F18) 57 R 8RR Wl 1R 465 1) R IR AR B, 156
AR AR 5 55 25 7 7E K AL RE R 55 3R R 25 & , 2B L
FEWEIRAES , Jf 74 35 7 A R, (45 & S i K gk
FREG TG #E XRD FAE H 2K (Chen et al.,2009) . FER
PR R B BR W A RE, R TR SR M R,
(ESOUK & B SR AL B (AT R 5F, 2011) K45
BB PR R A R 0 TR A AT, AL
AT BERRES DLUE , I AR B T RERRAS DLUE , I, I
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1], AT 530 XRD 3 TR A RE R ES 1) 777

322 REHEBRANBREILENEE FEWHEFE.
pH KT 8 MM, ik MR Wk i v T L Ak B sl 1)
R RE R 23 K HE R A R BERR. 45 Shimada 55
(1980) [ B, ik 198 Vi B vy T L V75 ik B2 W), 76 5 TR
s A R/ S I R BER UKL | T S8R 4 2.2
T A Y SR Ak R LA A A R [ 6 KRS N
AN [ B2 2R el T T 58 2 6% V5 V1) 94t B il B[] 1) 2%
AR L. 24410 5 Ak PR AN o 380 2 ol 1R 65 T T ) VA TR
TR VAV ) 2 ek R I A1 38 2 00 W 2R A TR T
VS TINBELRS: T WA IR 515 190 U 19 2 B, Bt 5 1 B[] £ S
K VAR LR SR 2 G FE 35 min AT, W8I0 A9 R Rk
P R 8 R YR 1) 1ol R /) 10 P R T ) 0 T
DUBE B A A TRIVE R 7 pH=7 2247, REERR
(AR ) F2 T 71 1 (Bai et al.,2009) , 7AW
HF IE FLART 9 55 25 A AT BE W R 7E 2R A R R Y
1L, B T A RS B Wk L (E AR S Chan 5%
(1995) IWFFE, HA 0.4% )45 B T HE W Jff 7 28 1k
FRSTURE ) 2 T PR L, R RE R ARV TR P A 85 5 1
WRE /N T W RS Y DT VE B N R S BOA Rk
FEREAR A 32 2 J R AR S A A B TS 0 SR RE TR
ARl T ) O T 5 A% S 1S I, (AR A R
IR TR AN B VE Sy e B B 0 2 114 91 BB, T LA Iz fg 3
FERUIN KU WP AL B 2 | R A T T Y
IR 7 1 e B B DN | B Ay ROR 194 3 R D 12

(—R 3/ INBORL I it , A 32 55 — AR 23 /INBORL LG )
180 = ¢ Omg-L!
m 87.5mg-L! P
150 |- A 155mg-L7! M’
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Fif [E)/min
B 6 AREREREBRTFE TSGR ERMNEKNE
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Fig.6  The turbidity changes of calcium phosphate solution with time
in the presence of polysilicic acid with different

concentrations
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. 55 T A SR e TR T 1) Tl T 05 U A L, R o 2R ke
i % 11 P 815 2 - BE T Bl PR 5 LU, Bt i g e
V) P 2R IR AR A | 3 SO B AR K

B 7 #R 155 mg- L™ REERRAFAE T I By [ 14
FESR XRD 335 A Hhon] 1 A7 78 SR EE TR 1 7%
TR R TR ROR SRR A AN, BT T B R
FHULVE. AL, R AERR A7 LA FI Re {2 F 72 FE i R 5
FEAR ISR S X 45 SR Hidaka 55 (1993) BT AY
o VA R T R A O A TR A VU 1 e 78— 3.

* AAbRE
v FRIEEERRAS
o o BELSE
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r »\A/\ ’
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i h A/\AMM
MMJ RNV -
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Fig.7 XRD pattern of solid sample formed in the presence of 155

mg- L™ monosilicic acid

4 25 ( Conclusions)

1) PR TR 85 DU E i AR 7K R BR WIS, pHL Al
VR Ay SR L TE T RE AT A A9 R L. pHL AR
6~8 ML E Z N, pH MUK, 35 000 4 b B2 i8R, 90
JE B pH AR T 6 I, S [A] NV P AN REIE
B ESTTVE , T pH KT 7 B, 78 i s A i
FREGULVE , T ELBE pH %3 i R 515 0 I 3 JBE 22 K
1 XRD 3§ IR0, 7EANR] pH 260 T #RAE T 450
FIRRGE IR LB RR PS5 UTVE.

2) FPE RS A= RSB TR BT TIC U B4 3 JBE T DI i
FRAFAERS WP bR T8 OB R 5 UL TE Sb, i JE i
TRERRESUUTE , H I A4 ik 1R E5 2 W% R B T AR 25
5 PR SR T OB IR B TOVE , bR 7B IR B 1Y I
TEHE | DL B 0. i XRD 3% 151 734 v] R
FARERRAF RIS VAR BR T AR MO R BRIR A5 , 18 A=
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