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Abstract

In this paper, FeS04:7H;0 and Al(S04)3-12H,0 were taken as the raw material, concentrated nitric
acid as a strong oxidant and Na;HPO, as stabilizer to produce poly aluminum ferric sulfate (PAFS)
flocculants. In order to test the coagulation effect, the flocculants was applied to the removal of
organic humic acid. The coagulation effect was examined with an emphasis on reaction tempera-
ture, Al/Fe molar ratio, P/Fe molar ratio and OH/(Fe + Al) mole ratio. The structure and mor-
phology of PAFS were characterized by means of Fourier transform infrared spectrophotometer
(FTIR). The results show that the product have the best coagulation effect when the microwave in-
itiation time, reaction temperature, reaction time, Al/Fe molar ratio, P/Fe molar ratio and OH/(Fe +
Al) molar ratio are 5 min, 60°C, 2 h, 0.4, 0.2 and 0.4, respectively. Infrared spectrum analysis shows
that PAFS containing hydroxyl polymer bridging of iron and aluminum, makes a better coagula-
tion performance. The removal rate of humic acid reachs 81% when the dosage of PAFS is 12.8
mg/L, pH value is 8, rapid stirring speed is 210 rpm, fast mixing time is 3.0 min, the slow stirring
speed is 50 rpm and slow stirring time is 12 min. With the concentration of Mn2+, the removal effi-
ciency of humic acid and fulvic acid increased.
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A U0 K FFeS047H,0. Alz(S04)3-12H 04 8L, CAIRFHER NREAF, Na HPOAFREF, #il&H
T—HEESSE RS RARRE Y (PAFS). ARIFHREAMRNLS, BREHENES FESRE
PLUAE VB AN RFAT X R LY . H8 T RPIRE. Al/Fe/RIL. P/FeE/RILAMOH/(Fe + Al)EE
IRECAANH RN PAFSIB BRI, B /S RS EWEITRIE. ARGEERRHE: JHE5
KA A5 min, RNERFEHN60°C, &RAIEIJN2h, Al/FefE/REL0.4, P/FelE/REH50.2, OH/(Fe +Al)
FE/REHCAO0.4RT, YREGRIREEIEREBAR . LAMRIE TR, PAFSH&H AREMBENGMNERNRE
Y, HARBSFEABRIFREESR. LAPAFSH TAEEHERB R, HREE N350 rpm, HRHE
B A3 min, 183 AN40 rpm, EHAEI12 min, BEFEINE12.8 mg/L, pHASH, BEEE
BEIER81%, HEFE—EIRE KMz 1] LIS PAFSY MR 2 B8R .
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1. 531§

ToHVZR B 3 53 AR S T oL BRI AT = 70 7 TE WL P Rl . To L 201 2R 3 BN #h
BREIREY), IREEMEPAC). REMIRI(PAS). BARMEKPFC) LR EMREL(PFS):. i
TIHES FLREFR], ThlEs T RENEA LIRS, KPREERE T, MK, &EHE
B 2 R il BRA BRI R BN A KRR, JIREDL, SUAIRFAR H % S5 o, (HER AR (8 B K [1] [2]
[3]. RABHEABFNEAKMET, ZMAETUN, UIREENRE, RS A[4] [5] [6]. FIHE,
VoW AT R Y i SRR, 73 5 e I EE Kk [ B S L8 R VR S AN Bk R VR B R L, IR T
P AR, 50T BRI VR eI BE 15 BB T

JETERR 2 AE /K = AERF R B AR, HLSFE RO PR B TR I BRAE 2R, &)@ B T AE WL &L
Rt JeoK AL B 8 B @I P2 M RO iS5 0 B A B BN . A TR, S FE IR A oA I P P PR I IR A
FEKT NG R S AR 27 A2 DBPs A= X1 ke S HU [ 7] [8]. RN, JEHEER SO K it 2 A ML
ME GRS THA —ENSGIEH, TERESTGRM0, B, msri LBk fEHER .2
24 K AL ER I T K5

H 11 P340 2 Bk i o (R R BRI 0 8L A 22 2R I . Rk, AiE. AW A
MESE . ARSLIR DL FeSO,7H0. Aly(SO,)s12H,0 M5 kL, IRIHER Jsm 7], NaHPO, NFE e, il %
H T — Rl RASPERE—— R A WIREEL(PAFS), K HH T3k R R AT 7T, e it
FRAAE, HUS RIF R ER R
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2. SCIOERSY
2.1 EERFISCI0{LES

KU FeSO4TH,O (RFE T RIALERT) ), Aly(SOs)s12H,0 (R B XA 2 ik il A B 2
Al), NayHPO, (KT KA ), AN (TGP T G BR A ], AR (R 7 2 S B PR
TR AT, HBRERMTE S WBARIEAR), BHEIREREY), BEREEP TR A RA ),
fe e = (R T KA 22 )

SIS HG: ZR4-6 LHEHRIGHE LRI A TA AR K BA R A F]), LiquiTOC 43 #1{X (Elementar
Analysensysteme GmbH), 2100Q {5k A (EE MG A A H]), DHG-9070A HL FAIE IR B X148 (TR X
TR B R TEA ), Nicolet6700 Y {d BT 4 4% (3¢ Thermo Fisher HFA#]).

22. BRAWMEAKEHE

AERRFREL 0.02 mol f¥] FeSO, 7H,0 FH— s AR I il A I 78 7 84k, 32— 1 Al/Fe BE/R EE )
NN —E A AL(SOL)s W, TR R fG T IR —E 1) PIFe BE/RLEINAFEE ) NayHPO,, 78 431 #
P R NARFATE 50 ml, A4 AN AR A F BB ik ThAe S 40 W, Rk 51 Kk, 7E 30°C~80°C
(KA T R 2 h S P E . 4% — £ 1K OHI(Fe + ANEE/R LN NaOH (et iR BRI R4, HHE,
WAL 24 h, 13 EIER ST PAFS.

2.3. IKEREHI

FEADL IR K T 1) ASLULR AR W e R K 2 H B K N — 78 & 1) v 08 - R i

JEVERR VAR . AERIFREL 0.5 g JEAEMR T-HeA 41, M 0.01 mol-L ™t () NaOH #VE i JE A S 4,
FH 0.45 um FIPEREILJES , BN 1000 mL IS IR 8 2%, il B 5 e IR it 7% Y o 5 FH IS FH 4K e 31 TOC
N 10 mg/L, FFIT pH.
2.4. LIHMSEIEDHR

4 PAFS 7£ 1000°C F T M), KA KBr & vEiE AT 20861 il i .
2.5. kAL BESCIE

#%-HY 1000 mL AL K RE S AR ) BT 1000 mL VR BEBEA o 7R PR FE Dy 210 rpm, BREEI E] y 3
min, B3N 50 rpm, EHEEEIY 12 min, KK pH N 7.4, FhnEN 32 mo/L (JEESFIEINE L Fe,04
T2 T S B IR BT A R TR) . Al/Fe BEZR L. PIFe BEZR ELAT OH/(Fe + AL EE /R B = i TR Bkt Ak
AT
3. &R5iT1ie
3.1. &Rk
311 RERERFEMN

PG s T 2 h, Al/Fe BEREE Y 0.3, PIFe JEE/REEDY 0.4, OH/(Fe + AlEE/REE N 0.3, BEFEAIR
SRR EE PAFS S RDL g /K TR PE BE I SEI, SR BN E 1 Fiom. 24 SR BN 30°C~80°C B, 42
B S R (R T e T BRARG, B SO N 60°C I, JREEFIALBR AU RL B AAE, KA 2.32NTU, B
U P R BT I AL EE AR AN K . XS RN TEIR JE KT, FeSO,7TH,0 /KRIEERE, B KT
SSIEFTE], JRER R AEE RS, BEEAE, MY N EE &N, RBEFIN RS, S5
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Figure 1. Effect of reaction temperature on coagulation effect
1. FEIRNREXT PAFS JREE 4 BE RS20

IR KRR T IRAREE, M T IRETIIR AR .

3.1.2. Al/Fe BE/RELHY R MG

A BT N 2 h, RS 60°C I, P/Fe BE/RLEGLA 0.4, OH/(Fe + AlEE/REE AN 0.3, B FEAA
AllFe BE/REUXT PAFS REEVEREMIRCMN, SEIREE Rl 2 Fion. 78 AllFe BE/REEAH 0.1~0.6 VBRI, 4
TR Al/Fe BEJREEA 0.4 B, B B AEIRBENUR R IHUA BRI 0.9INTU. XZR N AP AR LTL
AIREFIIER, 24 AllFe BE/REL N 0.4 I, PAFS B RAREIES, KERMER R, 1Mt s e KK
AllFe BEIR L2 SO REE R TEAS, I PRI T e

3.1.3. P/Fe BE/RELAYRMR

SIS PSRN TR 2 h, RONIRE N 60°C I, Al/Fe BE/REE N 0.4, OH/(Fe + ANEE/REL N 0.3, W
F T il PAFS B AR PIFe JBE/R LU X EEME R 52 . Wnl&] 3 Birs, 4R LI P/Fe BE/REE N 0.2~0.3
I, TREETIIRAS I AR AR AL FE AR, RIAIE N 0.82 NTU, 3X 2 i F AL R B I I 4% b, — %21 PO3-
NS HFIT Fe-P-Fe BEMTLA, RefS (L kA ol s 58 A B VR IRE 1) 6 [ Bk SCRE 7 1 VR B0 (00 3 B K i
PRI R BRI RR e, RAGTRBERCR .

3.1.4. OH/(Fe + Al EE/R LRI R

TR 2 5 M VR IR A e M R ORI i B S —, WA 4 Bzl & s 1R 2 h, OB
%9 60°C IF, AllFe BE/REL A 0.4, PIFe BE/REL A 0.2, BFFE T #i4 PAFS I AS[E ) OH/(Fe + ANEE/REL
S TRBEPERE M . 24 OH/(Fe + ADEE/REL )y 0.1~0.6 I, VEBER K BRI RO H I i, 1% 2 R g I e Vi gt
FIF ) Fe (DM LMRRY A, IR R, AR $F R ) o o vh AT RESR R, ELRE Fe
(MK R G, TR FEBAER B A G RIS RE 77, DA B (R R R

3.2. FRIE

STANETE D HT
5 i PAFS T B M 405 T 585 7 5 45 S TR . 3027~3600 cm * 8] JE i B Ay
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U /& Fe-OH. AI-OH JHef 7K H-OH = F¥a 3 i 4a R s & i A= . IR e st o, i LASR B
ERE SRS S B . [10]/E 1647.05 cm ™ PRHUT HE B AR S5 5k () MR A e A2 P 45 45 7K (H-O-H) I 25 i R 30 51
A ARSI [11]. 1111~1384 cm BT HBLA R Y i4 A Fe-OH-Fe. AI-OH-AI (45 4RSh, )85 7R 1H
(4 )8-OH i ¥R30, UiHH PAFS HIEH Fe-OH-Fe fb2H Bk R &4, A Al-OH-Al fL £ 8 45 11
REW12] [13]0 LLAMEIE A 1047 cm™ BT LI /2 SOZ 4R s & [14], 7F 834 cm A2 B+

Fe-OH-Fe ()25 iR 3N i tH LA WU, 594 em™ BT H B MR IS4y Fe-O (445U [15] -
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Figure 2. Effect of Al/ Fe molar ratio on coagulation effect
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Figure 3. Effect of P/Fe molar ratio on coagulation effect
3. PIFe BE/REEST PAFS SREF M BEROSZNE

DOI: 10.12677/aep.2017.75051 384 SR AT T


https://doi.org/10.12677/aep.2017.75051

B

T

- 4
09 - E/

0.7 -

TR ME (NTU)
HH
W/

0.6 |-

0.1 0.2 0.3 0.4 0.5 0.6
OH/(Fe+AD

Figure 4. Effect of OH/(Fe + Al) molar ratio on coagulation effect
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Figure 5. FTIR spectra of PAFS
[E] 5. PAFS £I5h i

3.3. XM BEEAERAR

TRBEFIBOINEAKEER pH R B FE  RE R B R EE S, WICHHIT TIREGRHN 7 A
BA/KEE pH % PAFS [(IRBERCE MM, RN 52 7 B 68 251 Mn? LUK B FE R vk BE R BEAUR
(RIS
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33.1. EMEANN

& 6 N PAFS 5 mx SRR (1 L BR PR, Bl TR AL 130 N e JE R 1 L PR SUR AW =, 4
BNy 12.8 mg/L I (LA Fe,05 1), 3RAF 5 fE L BR PR AL H/KAE) TOC Jy 1.923 mg/L, 4k EEH N ft
P14 5% B 6T T3 LR 11 2 3 5 R AR A AN W S ST R B o o 33 gt DRT Ay VRt ) = B 3 T S R B A R e o A
F, SEIZLEI RN g, R LA A A 3R T 114 971 R £ 32 A R T 5 0P MR R A o EL 3G 0 7 2% o i
B2 5B ZERr LS, NP EBCR . MIREG S 20, RIER AR B, 45
JRRLII W B TR A 5, AP BRI, k2 2 B 7 Z AR HE v I I BEAS AN Re s, AT ek 55 22
HER[16] .

3.3.2. pH X B EBR EBREUR IR

TSI UKEE pH, 5] PAFS [U3INE N 12.8 mg/L #HATIRERSLL, 45K 7 Fir, 24 pH
fHAE 4~10 B, JEFAMR =R BHE T 22, A E] 78% 1L [, 4 pH N 8 i, TOC H)ZFRU
IR B, JRTEIR R EL T 81%. XU PAFS EALEE /K b B IR IS % 7K pH A8 Fsd FH ¥ el s
7, BT PAFS JBHE T 2567, pH B I 8 i AR AR VR e A FE R B AEAf F s R RIAE R
TR .
3.3.3. ETEERRE KR

FEARE K RERILG pH EIIZAE T, i PAFS HIFINEJy 12.8 mg/L #E4TIREESLL:, HEOAH
REEI TR R BEBCR R, 45 E 8 fvn. MR EBRIRFEIT 10 mg/L i, Fifi 5 Ji SEBRIR B 1)
FHiE, TOC HIERRFIE m, X2 FUONTERBET & — M5 0L T BEE IR BE (3K, RSIIRE) 7 1G58,
LU IR R T MR RRIR B N T ) 30 mg/L B, PAFS X B FEER 1 B 2R H 81%4 % 13.28%. X
ST BB AR E R ARBIEE &, KRS KR T AT, E T A R R P AR 7 78 ) R B — > B
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Figure 6. Effect of PAFS dosage on humic acid removal

[ 6. PAFS % N %1 FEFEER KRR RIS
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Figure 7. Effect of pH on humic acid removal
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Figure 8. Effect of humic acid concentration on its removal

8. FBFERLR B XS EPRI RIS
FROEMAR, HETLZIMBE TR PAFS il fEIREBGIIE—E MBI T, BEEANAIRER
S, BACAENIET AR AT B, PRI 2 BRSO AR 2 [17] [18].

3.3.4. Mn** 3R B % P FE R 2 IR SR AU R M
TEASP TR AE pH BRI ZAE T, 5% PAFS (U3 INE N 12.8 mg/L HHTIREESLR, HEIAR[FE
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Figure 9. Effect of Mn?* concentration on humic acid removal

B 9. Mn** 33 FE5ERE KPR R AISNE

WRIET) Mn®* 3 ZUBRRCR OSSR . 01 9 R, BESE M IRIE 3N, PAFS X JB R IR 10 2 RSO — &
PETF FAEFRCE, 4 M IR EERE N3] 30 mo/L B, 7K o 8 B R I Vi 4 2 PR B AR VR AT B2 . MIn® A
BAZBEAER, 2 MR IREERBARRT, &Rt SRR RE G, A B TR AR, BRI BRI 2
BREPE, 29 M IREEBRIET, BT PAFS PR 7 2UBER], KBS FHE, AR IREER I R A
UAGE SRR NI AR Y 3 ve

4, &Eig

1) PAFS fIAl & et ksl &A1 5 min, RMIEEAN 60°C, &I A 2 h, AllFe BE/R
Eb 0.4, P/Fe JE/REL N 0.2, OH/(Fe + Al)EE/REL N 0.4,

2) AR IR, PAFS W H LUREMINEL IR &) Fe-OH-Fe, FILURIEMELIIETIRAEY
Al-OH-Al, B AU 2058 .

3) 4 PAFS FH-TAb HEJ HE R VA VT , 4 PR3 5 g 350 rpm, 4GRS 5] 3 min, 1845 3% /% 4 40 rpm,
MRS A] 12 min, JREFIFEINE 12.8 mg/L, pH Jy 8 I, JEFEER 24Kk T 81%. H PAFS Ab3 & 5tk
VRS, pH &SRS, 1F 4~10 BOTE R Y ERE B AN R AR, — R EE R Mn® R 77E AT LABE o
JEE BT 1) 25 BR AR

E&ImHE
R A W 7T AR BB i H (CX2017B642) .
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