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A BT R A AR 25 IR R P LR S R R R IE I EE R, M Fe,O, Nl 0 gL
10 gL iF, BA =R 32.3% BEE 9.0%, 5 1B 35.6% £ 85 & 51.7%, AHN LI WOk B it 215.9 NTU &
% 227 NTU, Fe,O, & MEN 10 L " WiEFHERER, WA EM TImg L' W PACRE G, MEHKE
22 NTU, 175545 A 25 50 min Ab, pH AT % 8.5 AR . L RIS 45 S AT Sy 42 7h s A 3 445 o 0 Ak 3k SR
AR DTG R =t 5% .
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DL AR 25 S o AR R 075 T 45 AL BR AN R, B AR 45 I 4 O LA o 2 T 4
i BRI RIS S, S5 SRR T R, N B R H B R DR S B R AR, R AL G
KRR, T R R KA O I O (E S A A R 1 B A PR A L B i e R
AT sk A, DR KRS BE 5 i B S B, R ORI A BR U, B R T AR ) DR AL WA R R T
CaCO, 5 45 i AR R h XA 5 A 4 A 45 S Se AT oY, R IR 2R 2440 &5 & L 491 I 2ol A 32 1Y) 344
TR, AHR G R SR T L, RIS S A R R O, O AR T K Rk
LESIP 7

P I NS T O PR A SRR B AT AR RS A A, OSBRI A A L BRI
i SRR L el o OB A R ot AR S X R A AR TS R A S PR SRR, ER
FEFAE T 45 L R B SRR AR AN i 22 RAE AR AR K . NASON AU SR 11 pum 5 A
i, %Al 8~70mg-L'; MERCER 2517 %] 0.43~3.98 um 7547 A i, #5604 100~500 mg-L';
CHEN %511 5% ] 200~400 um A7 3E80 0 &R, B0 375 gL' BHE #3451 2R FH 200~500 um #% 1
g AR, B 225 g LYy B B ALY R 100~250 pm A A AT R AR, B 200 gL |
B IE 5 R AL R R S i 4, (H SRR AR AR 25 TR, BOmaE Al 255 = TR, 3XRT BE X R
PR ACROR B e . BB, A XA R A TR IR S R R T IR ARG, AT R
s P S B R AL BB AR B

2 LB G Ak PR A FORE AR 2 /N 28 5 R B Oy e R B N R RORL AR O R e T O, AR
SCHEEPEH FH SRR L 8 B K Fe,O, N diFh o L AR Fe,O, #ENER:, WIFSY i I /K 5 5 45 T K
bR S T S i, SR K T R A BN X R SR AR RO BRI, R T RO S 4
AR FIE W R LR, T T REFALE (PAC) %45 F A R KB BR M AUR . b, B XF ik
T2 IR R K pH WAL AT T RIFSE . X 45 S W b BU R AT T A0 B o AR SE BCAR TT Dl B e
JEE 25 S AL RO AR UL IE 15 e P iR i 5 % |
1 SLE#HRFEE
1.1 KA

55 B B 7K SR CaCL, A, DL TEH R F Na,CO,, 543 #ral, [ 254 A4k 2438 5 A BR A 7] 77
o PAC oy #rdli, g H REDER 414k T, 5L 5 H 7K i Millipore Milli-Q Gradient 7K i+ fb & 4t
(Billerica, MA) 4, HLBHLZ K 18.2 MQ-ecm, pH=6.6~6.8. CaCl, % Fl Na,CO, I Wik 4 B8 F B IT
W 43508 5 mmol-L' A1 0.5 mol- L',

Fe,0, 1 A S REMERIH A |, FHRiAR K 45 pm. Fe,O, 1 26 F Rk sk & 18 Wi S 4%
W, SR 8% T IR IS IR bR R B w4, Ak 2wy, MT 2HEEFZH&EH.
1.2 WHE

55 BN R T S B R AT . AR S 1 LBEAR 4 BIE] A 500 mL 19 CaCl, ¥ Wi 5 % ik
FeO,, BMHESR 0, 05, 2, 5. 10gL™", HfogL” FRXf A, HpRLWmA., BHETA
BXEPEAEE , 500 r-min' BEFE 5 min S AR b P B R .

I P 3 R 300 romin”',  [R]ESAE BN BEAR TR Na,CO, ¥ K 2.5 mL(W B C/Ca JBE /R [ ol
0.5), 45 W IR 2, SOBEFE] 10 mine W 45 3 f5 #0030 min, B 20 mL 35 2 7y, — 1
M 5E Ca®" We J& (C). pH AR JE, 55— 2 0.45 um JEE IS IE IS, DIEIR Ca* W ¥ (C,), HUULIESS &
FEYI AT SEM LI AT XRD 4347 o

TE S LM A CaClL I 2.5 L #1110 gL' 19 Fe,O, #1715 45 4, HMKMAR L. R4S
WG NSy B, TIASE RS WAY J 4 3 HEAT PAC IR EERR I, PACHEINE 2. 5. 7. 10mgL”, i
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BE£5AF M 200 r-min ' 30 s+100 r'min' 5 min+50 r'min' 5 min, TR EESE A FHIT 30 min P [ W EE

DL ESEES I HE (25+1) C FifT, SRR T 3 IREH .
1.3 SEE

pH Fl 4 B >R F pH ML AR (5 W4 PHSJ-3C, g S FE B} 2% ) Rl B 42 (WGZ-500B, I 783 W &y (X
#)ME o Ca P 5 >R H EDTA W 5 ¥ o 45 & 0% 285 0L I R o 80 0 43 3310 >R R 931 il el - 8
(SU-8020, Hz7Zvw]) Fil X B AT 51X (D8-Advance, i wa /A w]) #47.

SEPRALIRES b T2, A4 i B 5 R 2R 1 HLBE K O AR R 09 SN R R B . AR SO T
TEBEMRSEIG A4S, R B2 45 SR i 30 min 75 oK TR Y 45 A UKL AL A Riai o 285 A AR 3% 00 645 i
FOEER L Cat BB RIRUGE L (1), X ) Fl 3) #ATIR.

w=2"% 1009 (1)
B= Cam G 100% ®)
5-G,
5-C,
y="5" % 100% (3)

A a MRS RAG BRI Ry ISR TR BR R G O A AU I 30 min (9 B I
Ca™ ¥, mmol'L™'; C, KNG 7K £ 0.45 pm U i U8 5 U8 K Ca®™ Ve, mmol L™,

2 GRS
2.1 Fe,O, HMEXMLERESRUKRIFM

Fe,O, M mE & TR R S48 % (El1(a), HE5XRAMIL, #EIFARE P>0.05). KRM
fl 7 R B Fe, O, 3800t 38 i imi FEAIK (&L 1(b)), SXFRBAAH L, 7 Fe,O, BN 2 g L' F1 5 g L' i

BHEVEE (P<0.05), FEBINEES 10 g LV INBE 35 M AR (P<0.01). 1A Z B2 SR B Fe,O, B k4
M4 (B 1(c)), SxT IR AR, FEBON & T 2 g L7 I 2 3 42 5 (P<0.05), 7EHINEH 5 gL Al
10 gL' B A i 25 42 55 (P<0.01)
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Fig. 1 Effect of Fe,O, dosage on the crystallization and softening of systems
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CaCO, B A&, i 72 73 AR A A% 2 A4S B Be B Se i vh x AL S, B0 (S=3 775, LATT il 1
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M R AT RS 5, X —id R 5S4 A X B TR R oA B B B B A%, R
HmA AN Fe,0,0 IEZE N A XTI 50 AS KB 255, MIN EES MR IR xR

X BRI A RN (52.0+1.6)%, L E & T HUS A (SLEH C/Ca BER Hh=0.5, HRAE B4
F50%), X ARSI AR A R CO, KA . K5 v #5245 & T /5 A i s - Cco Y,
JIT LA SRR T RO . TSI AL S SR S TS E, W REZ B Fe,O, M 245 2
FOA R AR T ARG AR, MRS CO, AR

FEXTRRAL P A2 S B b, REIE REAE T REMA S E T, SRR AR,
AWk RN, PR R B REASEE , A (32.3£3.1)% FO &5 i = W B Al e 12 I A e e . 52
B 2 7 R 4 Fe, O, $0MHE 35 i BH 2 B AIG, 24 Fe,O, 4RI 10 gL' B, B ™ SRR
(9.0£0.8)%. Fe,O, BB INXT S 7= 2 HIAE - : —J7 I, 2k Fe,0, 175 5 45 it 5 3 AH U X4
BT, BT AR REL, MR AR AR AN 50—, B FeO, 5 S A s 4,
TERH BOAZ S ) A 2R ok M AR /N TXF BRZH . GAREA 250V P97 2 B, ik A 8 B AEG , M9k A% 2 o 1
A RO, TR o) B M RE AT o

TE S B v B K B4k TR v o T RS T 00 B LR AR, A RN i 8 0 U T )
(CO¥ 5} OH) By 7 K &5 &4 B BEIFIE] S, 35X 5 18] 1(c) o sl S5 24 C/CaBE/R L M 0.5 1F, | T
TR T I, X B 45 5 3 S R 25 B AN (35.6£1.6)%, G/ T BRIE A 50%, I Iy 5 3 42 v Ak
RO, AT RN COT B B AE K R Ry B R], DABTCEE SRR AR, R PR R . AR S A
M Fe,0, J5, AR ™= R8RS, 855 R RS EERTE, X Fe,0, B MiE N 10 gL' B, KBk
TN (51.7£0.8)%, H =M= T HISE .
2.2 Fe,O, I INEXTLE SRR R LK pH A0 E A2

HE 2 0] A, SXFRAIME, 7R Fe,0, # M ML G4l rh, 25 ik & K pH B A8 L IR
B3 (P>0.05); H MR 275 5 B FEAK (P<0.05), Fe,O, BN Bk, B2 REABAI B, Y Fe,0, %
Tk 5 gL 10 g L7 B, REIR IR 2 (P<0.01),

FERT I TR 48 ., FeO 175 45 it 1R R VS5 AR 52 a8/, ZE A R0 if Ca™ ik B
Fl C/Ca BEJR LU I 25T, RO 2 AR 3 i 24 485 b 1R 2 COS vk B B L 5 5 e WL Wk 5 B JR LL AR O
s, R, IR R K pH WEA RS . T Fe,0, 5 45 W R 0 S H 3 R, 45k & b
TH VR B O B, A T D S BRI S SR I T IR R A i, WUNE e . AR R LT
WM 5 R IG X R R, W 2B IEMHCKR (E 3).
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Fig. 2 Effect of Fe,0, dosage on pH and turbidity of system effluents
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TEAG IR, RS S5 IRALMLL, Fe,0, 2507
4 SR F K pH T AR, (i Tk ol oy 08 ?
6K K B A B3 1 ) (GB 5749-2006) ¥ 22 1 5
8.5, fH Fe,0, V5 545 i A1 A 2 1) - W AR 45 it g 150
FK pHL 302 PO MR 45 @ 46 1F F L Fe,0, |
ot AR T SRR R R, A S A A i
AR ACEE AR UL ) CO2 B OH At AT L Ui s
I, O AT RREAR 7K pHL A Y.\ . I
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Fig. 3 Linear fitting of effluent turbidity and microcrystal

A DLAE > S 25 SR I ], A 4 TR . Y
Fe,O, 8N4 10 g L™ IF,  Fifi 5 45 & s [A] 14 S

K, AW ME TCOT MBS ML, KR P yield ratio of induced-crystallization systems
HCO; % JF Tk ad B3 , pH i WiHEAR . 45 & A
5 [8] 8 48 50 min 5 pH £2 % 7F 8.38~8.47, ik |
GB 5749-2006 53K .
23 Fe,0, 5S4 @R HACE BB M H R AN
1 0 5 05 4 SR R T WO B AE 40 NTU :ﬂij —
FeAT AR A4 RS 43 Fh R 2B A B S AR 83 X iq\r/f{\i
Fa eI EER . 2 PAC IR BEJF UL 30 min J5 ik <ffc?ﬁ§£§g{§§ﬁ7ﬁ>
B AL, H PAC % mim ok, & S ik Bl 80 T r—
2 (& 5., K PACHINE N 7mg L, AL 44 5 S 7 B ) /i
N (2.2+0.2) NTU, B4 B54% K0 EN AR LK pH 850
TR BETTTE XT 45 fh AR 2R H K BR st SR A B Fig. 4 Effect of induced-crystallization time on
7] 0 — 2 DR 5 B A AR 2 LA R N pH of system effluent

AT, AR BRSO A IR
REER B, A KR Ts Je, R
B, VLR K A R ) B T L7
o B IR SR R K +PACT AL SRS B
H 278.5~298.4 mg- L' (Y HL K, &N A DL
30 min J5 , AVREEE LBRF R 50% A4, LIH W

6
T 8 300NTU Ak, 48 40 mg-L™' 1) PAC 51
U W R K10 NTU. % 5 Fi 4 i vz
AR A BT, b B2 Y W BRI . RIS AR (Y B 2 5 7 10
GEAT 441 JK . AR (PAC) OB PACHt e
%h\%uyg 0~120 30~40 ﬂgu 5~9 mgLfl ETJ— ‘U'TI: 5 PAC ?ﬁﬂﬂ%i‘]‘iﬁx—e‘r?ﬁ%wg&ﬁ7}<|‘$5E§5[%E"]:$2”ﬂ
S S BE T 4 ' Fig. 5 Influence of PAC dosage on the turbidity removal effect
U J I 2 FT DA 1 45 6.4~12.7 NTU. of effluent from induced-crystallization systems

RSO SE A  TA AT, KM
S5 AR AR A AN R AT, DI AR S = S 0 IR A L, RO A TR A . kAR
I R, U RO RS B G (B 2(b)). Y Fe,O, BN 10 g L7 B, REHILILHE 5>
I B AT R 40 NTU ZE A7 (UL 30 min J5 #E— PP 2 (22.743.9) NTU,  WLIAT 2(b)). 5> 5 ) 2t
WFFZ: 7 mg L™ 1Y PAC IREEIFHHIL 30 min /&, UMM BE [ 2 (2.240.2) NTU,  BRUUSCRIE R .
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24 Fe,0,FS 4R TYIHEIEF XRD 7547

K645 H T 2 Fe,O, B Ry 0. 0.5 F1 10 gL &5 =W BB . 2 Fe, O, M Ry
0g LB, ML, mWHREZHEE K2R S H RS E iR Bk, SRS, i
6, KiAR K 3~7 um (K 6(a)). 24 Fe,O, F A4t 0.5 g LI, AHSE &7 oy i B 5.8 (K 6(b)),
FH Fe,O, 5 45 th— PR BE DI T Y9 AHZS o RIS, S5 &5 5 = 9 475 522 B0 000 4k 7S T AR s
i, R M AR 10 pmo MAKZEHE K Fe,O, # M &E E 10 gL' B, HA &ML &= B,
H AL MR B T 2R (8] 6(c)), BRI AHZ, &t 7 W] W9 Fe,O, 15 T 45 A 4l il

100 pum

(a) Fe,0 &m0 g L (b) Fe,O #M##0.5 g+ L (c) Fe, 0 & /mit10g L

6 [EFe, 0,1 MEL R HMBERERE
Fig. 6 SEM images of crystallized products at various Fe,O, dosages
B 745 T ¥ A, 5 Y (Fe,0, BBy 0 g-L") #1 Fe,0, 15 5 45§ 7= 4 (Fe,0, $ i £t oy
10 g'L™") 1y XRD 1% [&8 . SYAHES & W 00 5 B 24 S Ol 41 (81 7(a))o BT 7(b) "I AT, Fe,0, KT Y175
Sk S AT R R T R

Y o: Jr AT

¢ o Jrfigd y: DU =2
o
Y Yy
o o Y a
o T T [ a Y Y v
R — I s N ?h s . A Y A 3 s
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20/(°) 20/(°)
(a) Fe, O 4&/m#t0 g - L' (b) Fe,0 #hnik10 g - L

&7 A[E Fe,0, R IME L&~ XRD i E
Fig. 7 XRD patterns of crystallized products at various Fe;O, dosages
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1) SMEE mPALAH L, R Fe,O, W45 MtE A7 M b K Ak, Ag IR R B f R m i
K pH [ B B A5 4k 5 {H Fe,O, 15 545 it v] B W B0 i S5 AR 45 A, DN TR AR 25 AR IR R 1O B ™ 3, g
PE AR . Y Fe,0, M N 10 g L™, C/CaBE/REL N 0.5 B, A7 R AN (9.0£0.8)%, 45 HH
B RN (51.7£0.8)%, W& T HISAE.

2) Fe,0, 175 545 fh 1T LA S 25 AR5 T IR R BRI, Y Fe,O, M 0 gL' 3 m % 10 gL
W, 255K 222 30 min #0005, ME AT 2159 NTU &% 22.7 NTU; [R5} Fe,0, 175 545 i B Wik 1)
TREEFR IR PERE R, 4 Fe,O, BN N 10 gL' i, 45MIARAERA )G, BMBCRA 7mg L K
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PAC JR&E, JEERLATH 40 NTU ZE4 4 & 2.2 NTU,
3) ¥IAH 4 I Fe,0, 15 545 St = W) b U R ff o Y9 AR 4 45 o e W B i 2 Bl Fe,0, X
Jon S 0 38 I U ) o
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Control of the microcrystal formation during high-hardness water softening
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LU Zhou'**, NIE Xiaobao'***, YU Zhi'**, HE Yifan'*?, YI Jin'*’, HU Mingrui'**, LONG Yuannan'?”,
JIANG Changbo'*?

1. School of Hydraulic Engineering, Changsha University of Science & Technology, Changsha 410114, China

2. Key Laboratory of Dongting Lake Aquatic Eco-Environmental Control and Restoration of Hunan Province, Changsha
410114, China

3. Engineering and Technical Center of Hunan Provincial Environmental Protection for River-Lake Dredging Pollution Control,
Changsha 410114, China

*Corresponding author, E-mail: niexbcslg@163.com

Abstract In order to reduce the formation ratio of microcrystal and improve the separation performance of
crystallization products during the high-hardness water softening process, Fe,O, was used as the seed of
induced-crystallization system. Through changing the dosage  of Fe O, the control effect of induced-
crystallization on microcrystal was examined, the correlation between the formation rate of microcrystal and the
turbidity of supernatant was investigated and the turbidity removal efficiency of PAC coagulation on effluent
was also analyzed. The results showed that calcite -was the only crystalline polymorph of both induced- and
homogeneous crystallization. The introduction of seed during the induced-crystallization process caused both the
suppression of homogeneous crystallization and the decline of microcrystal formation rate, but the homogeneous
crystallization was still unavoidable. The increase of Fe,O, dosage could decrease the microcrystal formation
rate, which was linearly and positively correlated to the turbidity of supernatant. When Fe,O, dosage increased
from 0 g'L™' to 10 g-L', the microcrystal formation ratio decreased from 32.3% to 9.0% and the removal
efficiency of Ca increased from 35.6% to 51.7%, corresponding to a decrease of the turbidity of supernatant
from 215.9 NTU to 22.7 NTU. For the induced-crystallization system at Fe,O, dosage of 10 g-L™', the
supernatant turbidity decreased to 2.2'NTU after magnetic separation and coagulation with 7 mg-L™" PAC. It
was proved that the pH of supernatant could drop to 8.5 once the induced-crystallization process was extended to
over 50 min. This result can provide reference for improving the softening effect of high-hardness water and
reducing the sedimentation sludge.
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