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7 F BRBEN) 2N T KA R, YR KN L A GG i B R . SR N T
A ALY xR BE B R AL ST AE . AR BF ST DL FeSO, /E MR BEF , 8 i BN E /N T ALY (9 F R R <
1000 Da) KA &R, W98 7 R LML KR LI Yisgm . 25120, KA i 5 m 48 1K
it A0 0 A SRR A o 2 i S e HLUR BE YR RE . AE pH=T B, RAERR M AFAEAE LR T LR AR tR A ), HE K
T BRI B ORLAR (M 0.05 pm K/ B R 7 FI/NERCOIR 2 24 1 R 2R 16 2 0.1 pum A9 R8G5 22 AA) B R 30 10 25 BR
K, YYRIN 0.4 mmol L' i KA AR, £FEkH™ (y-FeOOH) o 8 A Y T 4y, 3% Al /b i 19 KA R AETENT
R R Wk B F AP, Fe(OH), 49 K WUk th T 4k 1k & W (1 b SO 1, RS AR o b B A K
Fe(OH), 4 K FUkr 2 11 8 28 8% AL 56 L i = A 8k, B2 A y-FeOOH; MBI R4 &R KT 0.4 mmol- L' B}, £
PR = 22 B4 Ry DU T £F R (B-FeOOH ), WG 43 W4 2 - 58 A 2, R 1) Ak 85 - Sk AR — A Kk )5
A% B-FeOOH, £id K& MR AT /5 M2 T B MR 3k 1 R BRI IN T 1.57 5 A2 4, b B S 00 15 8 1 1k FE 1%
X2 7 0.02mg L™, HFEHIN 1.5 mmol L' KRG RN EAMAY R ~F ik, MEHT AR IR T N4 5 Uik 5 .
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s VAR SURE LA AN AT 396 0 135 B 9 — BB ] 198 X s T o 1 R . U1

Fe $hoK R UTTE ML IR 2 4 b AL it R 2 2 AL . pH. CHLER FOG RS IR BE Ak i 2 i )
Hodr, BT Fe ULIE MFELZ 2 T 256, BAANRSF . ANEEGEF A& A bl
JE X IUIE (I SR AL R R R R 25T R, RS R TP AE LY IS AR E R
P e o 2 (1% 2 7 A7 A o

SRAMT, /NG T A B afe] 2 e VR e RE . H AT IR A R s R R R . BAR/N ALY
W H AR JETREE PR 0 B AR Yy, H O TR B T R 0 R Uk SR AR ] . ER AR RN RS
SYRRZM ., P, AU EA 2 DRIEM | DEEERRLER, LIk (Fe(1)) 1E N IR 5
F, R T AN R BE 1 SR 4 B IR %o 2R AT sk A ARRT 838 1) 2 B A8 SR () 52 e
1 #MRl5RE*%

1.1 ZWIRKFIS5# R

LAKEHRR 4 (1) (FeSO,-7TH,0, CAS:7782-63-0). IR 44 (NaHCO,, CAS:144-55-8), DUk
B R % (4Mo0,-3H,M00,-4H,0-6H,N, CAS:12054-85-2). i Ik Ifi iR (C,HO,, CAS:50-81-7), ¥k #ii ik
(H,SO,, CAS:7664-93-9) FIBEHZ — A4 (KH,PO,, CAS:7758-11-4) ¥y [ [E 251k #7147 BR A 7 (h
[ i), KRR (Asp, Aspartic acid, CAS: 6899-03-2) W [ 11 R i, A il 5 21 43 Hr % .

1.2 XWHE

TREESCI T, 75 0.42 g Bk R ZUHH 1 4li K rf 43 53 I AAS [k B2 1) K4 R (Asp), #BH o584
BRI ERE L, RARRESSIN 0, 04, 1, 1.5, 2.5, 5110 mmol-L™" B i () K& AR
W, AR5 $h W2 (HCL, 0.2 mol-L™") 5l & % fk 414 W (NaOH, 0.2 mol-L™") ¥4 FT 15 %5 W 5 2 pH Hy
7, TR WP A A T 4 45 X 0 % 48 X (F4, METTLERTOLEDO, Switzerland, with LE621 IP67
dissolved oxygen sensor) M| % . i FH i 2 W4k (0.1 mmol-L™") /E 1R BE R, 38 &3 TH %E 3¢ & (MY3000-
AN, UM, v ) 4 TR R R b R AR K B R L 7E A R Y b O 43 0 T AY
Photometric Dispersion Analyzer (PDA2000, Rank Brothers Ltd, UK) X} 22 4& 4 A4 K% o0 iE 47 52 i Wl
PZAX A 30 2o % SR PRGN K RORL Y AR A AT Bl s AP ICEE Y 5 AR (ems) AP 138 O 5 (de) 1Y T
{H. rms 5 de A9 FLAERR 0 Z28EFE B0 (FT),  FI AT DA S i 22 g A o 2205 S 06 o 8 o A SIS A A O

B 0.1 mmol-L™' ) FeSO, ZHEH )5, DL 200 r-min™" (1) 34 B B3 336 £ 1 min 6 IR & 27,
1M J5 LA SO rmin™ B 2R B 2218 B P A SR AR KON MR K P RRE R 42 500 s J5 P 200
rmin”' 93X AR ST | min B9 B UIRERE, SRS PR G F SO rmin” R RHKRAERK, HER
1SR KN A I AR A 2 1 525 . O B € 050 BT 43 5% 42 FL IR 119 bubbled R {4 - SE B e S A
WA 54, PDA BB/ R AR s, NIRRT, i A MRS S8 7%
i (25+1) C F#EAT.

B R BRSCE T, BRI 0.252 ¢ UK A B2 — A 88 (NaH,PO,2H,0) T 100 mL %5 & Jffi i 4l /K
TER B RNELRNE ORGSR (0.5 g L"), TEIREELI P 224 KA &R, B 1 mL S5 M6k &
WOMAE] 1L FIREHRR S, SERBERRER R LG Bk R 0.5 mg- L', LS50 r-min™' AYEEEESIFE 10 min
Je 1 0.45 pm M FLIERE CR IR 9 &% (PVDF), 48 50 mm., H6) SE47 B4 25, YRR FH R DU
FNL e W TR ER (v B, BRI OR AT R B AR . oy NG S EE AT
1.3 D7k

TEIRBESZ IS v, 24 2 BEHE B (FI, flocculation index) 35 2 £ & B W (I, 38 1 (8 F 0.45 pum €
FEE R AT b oK T AR ZARDIAE AR R 1T, ARG R R R T B SR R T, &2y 48 h 5 ¥4 2 &%
TRRE B . X T 2205 M AREE S EAT IR FRAE . SR A5 H 5% (Hitachi SU8020, Japan) W%
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BRI A K IR TIE A4 % H 3% 59 8% (Tecnai G2 F30 S-TWIN) WEEE 2R (1 ORI 36, % 3L
YA ANGE S SR X SR ATEHY (XRD, X Pert PRO MPD, PAN alytical) 7£ 40 kV. 40 mA 4 5%
PR AT E B, DAARAF AR A 25 A RE B8 . Ry S LT 5 L Rn AR AR S R AR B, (g Ak
5~90°, HHHAEE N 6°min "), i x HHEOGH T HEIG{X (XPS, PHI Quantera II, ULVAC, Japan) 7E 150 W
ALK o 58 5 0 T I E FE A= REE B, AFIJCERE A G REH Cls K ifE (284.8 eV), fH HLI-£T
AN G (FTIR) 9% F 20 A1 v R T 8 5 22 1 119 2 1B A 1A 4 o B AR X 3 8 (45 38 Ll 400~
4000 cm™),

FEWEIY R BRSCE b, B0 I R SH R 25 4 YOG FE VA (GB 11893-89) Wl , 3 4+ #H R 84 5 1F
PR Eh SO0 A B R 2 2R, S BTN IR AR JF R B SH 5, T 700 nm &b FH 43606 BE i H
JCRE, AR UE TG A T P R AR T
2 #BR512
21 REEBIEAEMNEI

PDA Z5 AN 1 fron. AT WL, 7EDO A 5mg-L™', pH N 7 HIREHA R HiR N RA ARG, 21k
R R T S R, B R R TP WL R EE R 3, 2R AR KW 5 T e K, T HES AR
PRI () 8K B TR K i, RAER S —OH

a4 4k B T AR R, T B 1 0 mmol -1
BT AEAK T AS . A K AR S5 IR T 1 SO emme
AP TR G, S T 251 @ 1.5 mmnol - L

v 2.5 mmol - L' M‘
2.0 | * 10 mmol - L'

88, T RAARPIVEIEN, 28R
AR F AN IR A& TR I 48 B B 03, 24
KA IR EH 1.5 mmol L™ I, 2K R ol
SPAE 2500 s Ao A7 Ik B WE(E , 2R AR AY FI 48 £ H
1.5% Zids EFHE) 3%, BLWI T 228t S 22 k2 R
R, WA e R AR TT DUR A K B R I T 0 1000 2000
BTN . T A SR 1 T R TV M N 1 1L \ s ‘

SERUE R KSR Rm Ry, B! TRRERTRETRELCH PDA MAE
T T R T B T4 R 1 e i 4k Fig. 1 PDA of different concentration of aspartic acid
SEYEAN, FIBE M TR A Z R M LT ) N As [

BBHERU%

3000 4000 5000

(o BELPE P 7 S, S B R A FLE T TR 10
AU E B R R iR {50
S %A S0 rmin ! #0F) 200 rmin? 7 0 s
L SRRERS , AOK ORI U (£ o 1* 2
KE), BEREILE K EWAHTI R, 2 o) lo 2
22 BEX#ERINEN g 0.10 | £
EDO N SmgL”', pHHTHIAMET, 44 % ol 1%
Mo, 04, 1, 1.5, 2.5, 10 mmol-L™" K& oL T, , , , 0
A, MR AR K H R SRR FLIER, o 2 6 8 ol

4
> 2 A T YE Y KA #@Wﬁ“/(mm I- L’])
A0.5 gL B MR AR B 45 T 1 mL T UV AR D e ‘
B2 AEREXZEBANMTHEIRNEREE

EBH R R B B R X I R (E R 0.5 mg L', B , 4 ‘ ,
L. A e i . . Fig. 2 Residual amount of phosphate at different concentration
Rk IR 2 BT SELE, fEAR R of ourte sod
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IR IR, = BRwEIREh 5 HF B W B 516 02 mg L' WK & R IR TR B s Wi iR R 4% A T
WEFARE 0.2 mg L™, AR THERRER M L RACE . Sad ih 578 AT IR 4 &R i A= il 22 44
XFERER I K BR R 63.16%. FERIIRAZRWKE N 0.4, 1. 1.5, 2.5 mmol-L™" B}, Az sl 22 i %}
THEMR Eh 1Y 22 B8 00 9 91.96% . 97.26% . 93.9%. 99.6%, T 24 K 4 & 2 1Y ¥ & > 10 mmol-L™'
BF, BEFR R 1) B R AUH 52.91%, X J2& T3 2 19 R A& R AU LR 18 il it # v 31 7 4 82
YERT, T EL7E 5 22 0 W R 3 25 B B Betn o5 9 1 28 44 S T 0% 1% M 07 i OB i T S R B Y DG &R
AT 30T K FBER R 1 25 BRASCR AN AR
23 REREEBESH

7E DO 5. pH 7 W KR ML S 1Y SEM RIELS B ANIE 3(a) s o HIE 3(a) AT UL, JCHs N
KERAMREEAN, LAREIH 50 nm £ 45 H/NER AT 100 nm KN RORIE A4 40l& 3(b) Fis, Al
WA RIMRA TR, BH0 1.5 mmol L™ KA H R J5 2R RAF A8 K (29 200 nm), iX 5 PDA 445
— 3, W 3c) iR, YRR R ME] 2.5 mmol- L™ I, AR K FORLAH B R, B
TR HE ST AT )R AR A5

(a) Fe(Il) (b) Fe(Il)+1.5 mmol - L-'Asp (¢) Fe(II)+2.5 mmol - L-'Asp

B3 Z{kHSEM [E
Fig.3 SEM images of flocs

24 ZAEHREMSTH
WK 4 Frs, TEAREIN R B AEE A 0.4 mmol L' KA & BRI, A Xf b () XRD & 20 K
14.113°, 27.047°, 39.296°, 46.778°, 52.714°, 67.218°4k, Y& ML 4% (JCPDS card 44-1415), /&
M B a 1252 A, b 3873 A, ¢ M 3.071 A, BN 0.4 mmol L™ KA &R 5 AU N K& & R AH
P, Z5dn 0 BigR, XATReem TRAARES 7 Hy Wi, i EA 0 R 40y & A
UEAMBE R L 2B R B R T, B T A 0 R A R I A7 A (B A 1 T IR R 1 5Bk . X AT A
BT R A 2 R i R R i 22 AR ) 4Rk (y-
FeOOH) My %4k, MR #h 524k 7 01 2 J R s

= o
=1
B

A, R P K A SR Y W 1 mmol L e
BeVA LB, BT B AT e F 20 T
1.0 mmol - L'

11.842°, 26.725°, 35.161°, 46.433°, 61.097°4k,
X e W 2R Y 22 R4 R DU 5 ARk (JCPDS 0.4 mmol + L
card 34-1266), k% H % a i 10535 A, bWy
10.535A., ¢ H3.03 A, HAAEEMNE, HER
R AR B W N /N T 0.4 mmol- L B, Bl ,
5 AR A E R 22 R 2 P B, AR T > ‘
KA R E G NS 1 mmol- L', 2K %5
JEREAL . X 0] BB i T 76K C/Fe LLB, A HL

4 FEIXRZFREKRETEREHN XRD EE
Fig. 4 XRD patterns of floc at different Asp concentrations



%6 A RAG RN ARG SR RSG5 K SR £ ZBRACR 15205 1819

WHESHREFEAE—R, XS THILN
=R AR A R AR P SR AR K
RAE R E W ALY, 9K R Y 2% T
TP Z R 4, BRI T 48K ik 2 [a]
A B, [ B A ML) e v R e AR T) A5z BEL I
S e BHL LB 4 K BORE Y SRR, DR, BRI TR
AALBRI KD, SECRIRSE RYEREIL

T 4t y-FeOOH A1 B-FeOOH 17 7 (1) B
PEIEHE , R HR-TEM X pH & 7. DO K 5.0
mg- L', & 1.5 mmol- L' K& &AM IEEE G
TRFEAT T HB T . anlEl S(a) Fron, K7
Yk KEEF 19I55 SEM(IE 3(b)) T IITE S B
S BCR IR IR, A S B A
KEYREM, K 5) 1 XA WK 50b) Fiw,
43 5%t W B-FeOOH (004) F1 y-FeOOH (-101) K &
M, A R 2.606 AR 3.048 A K] 5(a)

200 nm

(a) #M1.5 mmol - L'
AspZARIESTIE

y-FeOOH-d(-101)=2.97 A

¥
=

Vi NG S B-FeOOH-(004)=2.628 A
(¢) E(a)XIBI K (d) B-FeOOHFIy-FeOOH
1 A [

5 1.5 mmol L' X & SELRERZ K8 TEM

WX Bk B & S5(c) BT s, X R T B-FeOOH
(004) 1, AHIAIEIEE R 2.62 A, S5 5(d) H &
L 235 44 P13 Sl 6
25 KREEBEBASH

K XPS I FTIR X} pH iy 7. DO A 5.0 mg- L™, & 1.5 mmol- L™ K& R MR IREE G W 2K E1T T
F W EREFA M. WK 6(a) F AR, Fe2p 1 XPS Gil% & F 24 £ &, 40 %4 Fe2p3/2(711.4 eV),
Fe2pl/2(725.4 eV), iRl 2 D ZR) T AN, HAHI7E 720.1 eV F1733.1 eV, A, K& A H A2
JRIEHITETE . 454 O WIBE 6(b), #E—HESE T Fe—O—C BERYTEAE, Ols Al US> Fe—O(531.2 V).
Fe—O0—C(532.4 V). Fe—OH(533.1 eV) 3 NI, Uil T LM EmAHIE K TR E %k, W
& 5(c) Fin, Cls g RRA 36, 4358 C—C(284.1 eV), C—0(286.6 eV), C=0(288.7 ¢V), ilF
LT REFRAAE T 2R ER, SEERIERTHEY .. H—EXTLERHEFT T FTIR 4087, 45540
E6(d) iR . 3177 cm™ AbVAJE T FR LGP 7E 1642 om ™' Ab i 2 T AR AR 4548 P 19 1,0 (197E )
IR, 1020 (ENS RSN, 746 (FAMS #hIRSN) . 476 cm™ X1 T Fe—O—H AN [] 19 25l 41z 55 25,
454 XRD MRS R, Wit —2PUERH y-FeOOH F1 B-FeOOH MY A7-1F .
2.6 ZENIEBESH

g L rik, Fe(MD) IR EE =4 T SAHRLI Aok 28R, (B EZRNFAEZEST . YRR P
FEFE /DR RAZTRES, W T Fe(1l) REAE KIS W IR A AR, KRR Fe(ll) 4%, Fe(OH),
YRR B TR A5 W B BB L R E 1, BEJSAE R A% AN EAE K, Fe(OH), 442K B+ 3 1 9 4
I =B, YISt 58 2 AR BT, 2P B y-FeOOH 5 ¥ B-FeOOH(&l 7). 14k, iy
KA GRS IO B340 T 224K y-FeOOH 145 Stk (] 4) 0 SR 1T 24 KA S R 1) ¥ B 14 T 31 0.4 mmol L™
DL, B T A FE 2 y- FeOOH M & B-FeOOH., 3% Al it J& i T34 £ i G AL 245 58 43 0
BRE Tt e, FECRR MRS T Ay =Bk, AERAERMAER T AL T B-
FeOOH.

Fig. 5 TEM images of flocs at 1.5 mmol-L" aspartic acid
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Fe-OH
550 545 540 535 530 525 520 740 730 720 710 700
4itrReleV HiahigleV
(a) Ols XPSj%[&]| (b) Fe2p XPSi#[#|

0 MOIW

0.4 mmoww

Lomma D~y V|
1.5mmol - L' v ”

a5 mmm

300 295 290 285 280 40003 500 30002500 200015001000 500 0
HiheeV B /em™
(¢) Cls XPSj[&| (d) FTIREA

6 7RM 1.5 mmol' L' X & RERAT LA AR E XPS 1 FTIR & i
Fig. 6 FTIR and XPS spectra of floc surface at 1.5 mmol-L" aspartic acid

B-FeOOH

7 TEREKRATRT N5 A5 BIHIE
Fig. 7 Mechanism of the growth of ferrous iron into y- FeOOH or f-FeOOH

3 Zip

DTEPH N 7, DO N Smg L IFRMT, IIMRELAmR ] (LKA RKEELER, ANFEHE
KA TR B RN 2 AR R B B A7 A 22 53 AT R W) AR A0 2 32 4% o R 0.4 mmol- L™ AR K&
IR, Fe(OH), 4Kk b T 2AL A 4 A9 B8 e A B 1, BEJS 1R R iR I R D A E A K, I
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22 A 14 S5 B R4 & v- FeOOH; 7EVRINA T 0.4 mmol L™ I, Rk K& MR 58 40 32 1 Fe(11) it
WAL, FBF, 7EREERIEN T 20 2 & B-FeOOH,

2) W 1.5 mmol- L™ KA R RS I BE R Eh 2Bk 28 93.9%, AT 224k 1Y FI 48 iche i, 2R g
VRN i

3) AT AN N K A

IR B, 280d RA R RS T 5 8 U 8 AR BERRE 2 BRAE )1 24

HHTE B 157 6%, BERRER A BT R EERE 2 0.02 mg L, ARFEIR T & &b 28,
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Effect of aspartic acid on the floc composition of Fe(Il) coagulant and its deep
phosphorus removal
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Abstract Iron flocculants are widely used in water treatment applications where the size, morphology, and
crystallinity of the flocs directly determine the adsorption activity and settling performance. However, the effect
mechanism of small molecular organics on coagulation is still unclear. In this study, FeSO, was used as
coagulant, its effects of adding specific small molecule organic matter (molecular weight <1 000 Da) of aspartic
acid (containing two carboxyl groups and one amino group) on flocs growth process and products were
investigated. The results show that aspartic acid affected metal hydrolysis, nanoparticles properties and the
coagulation performance. At pH=7, the presence of aspartic acid delayed the initial growth time of flocs, but
increased the maximum particle size of flocs, changing from 0.05 pm sized flocs with fragments and small
spherical participations to 0.1 um folded flocs, and the phosphate removal rate. When 0.4 mmol-L ™" aspartic acid
was added, lepidocrocite (y-FeOOH) was the main component of the floc. Due to the rapid hydrolysis of Fe(1l)
ions in aqueous solution, when there was a small amount of aspartic acid in the system, part of the Fe(1I') ions in
the system would be wrapped, and Fe(OH), nanoparticles would form rapidly due to the saturation of iron
compounds. Afterwards, Fe(OH), nanoparticles continued to grow as the crystal, its surface was oxidized into
Fe(Il), finally y-FeOOH formation occurred. When the dosage of aspartic acid was higher than 0.4 mmol-L™",
the main component of flocs was akaganeite (B-FeOOH). At this time, part of Fe(Il) ions were completely
wrapped, and the remaining Fe( Il ) ions were oxidized into Fe(Ill) irons and hydrolyzed to form B-FeOOH. The
phosphorus removal rate by the flocs induced by aspartic acid increased by about 1.57 times, and the phosphate
concentration decreased to 0.02 mg-L™" after treatment. Moreover, the FI index of flocs was the highest when
1.5 mmol-L™" aspartic acid was added, and the flocs were easier to settle and separate.

Keywords aspartic acid; floc; lepidocrocite and akageneite; phosphorus removal
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