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Abstract

In view of the problems of high phosphorus content, difficult removal and unstable treatment ef-
fect in wastewater containing hypophosphate produced by electroplating industry, ozone-hydrogen
peroxide ferrous sulfate process was proposed to study the oxidation of hypophosphate and total
phosphorus removal. First, ozone and hydrogen peroxide are added, and hydroxyl radical is
formed by the reaction of hydrogen peroxide and ozone to oxidize hypophosphate. After the full
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reaction, ferrous sulfate is added. On the one hand, ferrous sulfate promotes the formation of hy-
droxyl radical by ozone, on the other hand, it forms a Fenton reaction system with hydrogen pe-
roxide, and then oxidizes hypophosphate into orthophosphate, and finally adds calcium hydroxide
to generate calcium phosphate precipitation to achieve the purpose of effectively removing hypo-
phosphate.
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KRB E TR C AV NI ARG Yl il e —[1], FEREER. B E IR E R Kt
NIKARIE R I[2] [3]. FEBRIE AT AW R[N, FLAE P R = AR i oK th 5 FESE, PRAK R
TEAKW. B BEESRE TMERAN, BB B AW L, FENBEAE R,
i HHEES 5, FERIEBRE . MR EL . WL AR . FEREIR &L 3 2R B AR PR PR
Ky FEHREKGHA], R WHER S EER AR IERIEK, 7850 EGR[5]. BT, IERERREAERER
R LR T ZBOVEA, B SR IR R 00w BB SR, T H AR B2 i A 5 B I TR
Ko T pH A PR E R, ARHEACRME DS B CRIESE ). AR SO AL N R AL, BT — R RERS
BRERRIK URERR I TZ, FHZ LZRX & B ROK AT A A B G, AT B4R BRI
Bk o

2. KRS
2.1 FRERKE

SRR AP AE TP AR P R i, X6 A7 R B 5 B R B PR AT SR R K B AR A L R
% L

ik

Table 1. Summary of water quality of waste liquid containing phosphorus
1 BMERKRENCER

TRATH At /mol/L COD¢/mg/L SR B A /mo/L EB/mg/L
BRI 1.4 2300 20,000 3200

M EZE LRI, FAES B R S B 3200 mg/L, AT BN N R A HEA T FR AT B N, A B S
T & 540 1000 mg/L, 256 T & B IR VR PT 8 2 A OB R 3 AL W R 2 o 12 Aol 7 6] A 7K ok Tl 7 Ak 24 3 72
i, WA 2G50 rR A TSE R 7 AT AL TR, AR S BRK S R B, AEBRRCR 2, [FIR, X5 K
ARERSE B ARG T B AR IS AT MR Ko DRI, ASHIF UKot 5 M R 25 Tl A A 1) 25 R D 3R 1 S i
FTIRIT,  BEMAAH AT AL HE Ak B 1% 2R R AR AR &%
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2.2. SEWEHERIRF
WA AR BT 20 1 32 ER R AR Wk 2 o

Table 2. The main equipment and instruments of the experiment
2 2. TWMEERFMNUF

INE 30 & E A BS =Syt EivA
PEPEAs DF-101S HEPH FL AL S A TR A ]
SBEIR A ES TE-5104G FIRALBR KA TR A ]
&2 pH it PHS-3E A AR AR B R A ]
BOEH AN e EE T TU-1901 Jemt A b idE AR A IR ST A 7
REARER NPF3W R IR R %A IR AT
SRR MY LT-200BM T &y R TR A R A A

2.3. EELIRF
SO o A AR B R SR IG R A2 3 Ao

Table 3. The main experimental reagent of the experiment

3. LIMEERIIKF

JE AL B TR
HEMAE H,0,
A Ca(OH),
IV RIRES FeSO,

HA
AR
AR
AR

HRAR
PaB A
PaB A
iR

3. BR511
31 XRFEEBRITZHE

O4/Hz0;, TZ— T LA AR RA R PAN T Z, FIHT HoO, 5K AT il £-OH,  Hp0, FIAFAEfE
SIS TEE R, AR EOR AR A BE JIARGRI-OH [6] [7]. 1 H.O fFTEMIME T, RATEMERIK, S

WOk A B RE SIS B AL, SOV R AN

H,0, > HO, +H"

0,+HO,” - -0, +HO, -
W05 F1 HO RELKSE 51 & — R AN H R EE SN, 7242 KEH-OH, MIMRIE S EALRE ST, ATEL

Rk WRERR S AN IERERIR, SN R A0 T

H,PO,” +-OH — HPO, - +H,0
HPO, - — H,PO,
H,PO, +-OH — H,PO,” -+H,0
H,PO, - — H,PO,

Fe? IAEAE I LME AL, (2t A= 2E-OH, M85 Je i A5 20 Aob 2 b, HOR BRI IR -
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Fe*" +0, — Fe* +0,
O, +H" > HO, »-OH+0,
Fe?' +0, — (Fe0)” +0,
(FeO)* +H,0 — Fe* + OH™ +-OH

[l S R R Fe® B Fe, IEREIR LS Fe® IOMIA IR TS, MIMIABIREEH I, K
J32 77 e R
Fe** +PO,> — FePO, 1
INESAEAES T pH % 9.0, Il — D RS DT
3Ca* + 2PO,* - Ca,(PO,), ¥
B - XK - BRIR LK L Z— P AT iR AL B B A% & R PRV R (R T2 A 1.

S REK

AR W2k
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Figure 1. Process flow of phosphorus containing waste liquid treatment
1. BHERLETIZRIE

B L ZHE SR RAMIAUK R BT et B 3, S IABRBR LB, B IR Ik (2 i3k 5 4 2E
Fodk B L8] [9], HARERIL PG /K AT LS Wik 28, 7 A (et B el 2k T DL B B AN ¢
PRIRIR, (R RIEREIR &, =B AT 5 IR IR s R A S BT BRI R T T0E »  Ja RN A AR pH {HL
B T RN BRI EE — 0 AR R R A V€ AT IR B BRI F K, K 2805 /Kb IR AL B IA AR EIi,  JEIE A
M H A B b AL P

3.2 SKWHIE

X 200 mL &5 R URCE T 500 mL gt A #E R IR SRS HEAT BERE, A IS AR A R
BEAT pH BT, SEPEIF RN —BUNIAlE,  FIREA B SRR, SRR A URR AT SOV o 8 — B
[ J 4k 52 ) e AR PN BR BRI BRI ST WA 2, SRk R S 1077 25 T S — 2D S A0 s, Ja R
AR XHAR pH WA RmNE, B EA AR RIE RN, XA ARSI, R R 2
AR IR NEAACTE, PRI AT AT G I8 R Ak B R 5 ) S AL P

4. GRE5VTL
4.1 MEKARMER BB XERATE

HX 200 mL & 8 JZ MBCE T 500 mL Bedf, JFRE#ERE, I INE AR T R pH (2 3.0, R
SEUREE 18 mg/Lh, 435 H 0 30% WK 2 mL, 4mL, 8mL, 10mL, 20 mL, RN 5E4)E, [AH
HOIIABRER 4k 15 go MR 2 h, S IEGEALES T pH 2 9.0 24, )E, B RiEWREET 4
g[8
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Table 4. Effect of hydrogen peroxide dosage on phosphorus removal
4. WEKFAEN AR

H,0, (mL) 2 4 8 10 20
P (mg/L) 50 10 0.2 3 5

M2 4 T DR BEE UK R RGN, S E BN, ARy 8 mL i, HiK S &
FEZIHRAR, A 0.2mg/L, (HXVE/KAINERT 8 mL B, &R SBEE & &I B I A4 1 J5 B mT
BEXAUK R 277 2E-OH,  [AII I FE-OH, AR RAXEUK & By, KRN S ER-OH, X
FEEL 2 MR AR BRI L -OH AINIIRAD, CBEIR # AL th A5 BRI NI LS, B SR RCR B 0N
nse IR R SEEWEUK TR 8 mL.

4.2. WeBRIE KA IN B R BB BRE R

HX 200 mL & 8 ZBCE T 500 mL Bedfr, JFRE#RE, WA EAES R T R pH (2 3.0, R
SAHRIE 18 mg/L-h, [ RN 30% XA K 8 mL, N —BEITE fE, Al A in NBRER 4k 1 g+ 5g.
10g9. 159, 20g. RMBFEA 2h, BINEEMAE T pH £ 9.0 ££4, &G, &G, B EEREHET
paxip sl

Table 5. Effect of dosage of ferrous sulfate on phosphorus removal

= 5. MBI S A 2 X BHY K RRF M

oy RIZZ3(0) 1 5 10 15 20 25
2 P(mg/L) 70 50 12 0.2 5 10

M EZR S ATLUVE Y, BRI RN N, KBS BBH K, HmAEN 1591, BESER
Ko BRREERINAELE 10 g 207, HOKBES BEGE, UMLK =B DR, Fe® ik 0374 OH 1
RENIZPR, A B2 KRR SR - F M R EBERR £, TS S B R R ACR R 2 . BRI
PAANBAEKRT 159 MUa, HKBESEArEE LI, BOVREE BRI ARS8 0, iR kB
EREE, Fe? BRI UL OsF=4:-OH, {HH [ ST FE-OH, Xt 35 H B2 BRI R A
RER TS AT BUE BRI AR, TS SR R ERBOR AR 22 . R IR W A% e NN &0 15 g

4.3. REz{EZF pH BEAT BRREBRAIEE

Y 200 mL 5 % PR VRCE T 500 mL e, 15 4, R S A A 0R 1T IR pH B2 514 1.0,
3.0, 4.0. 5.0, 8.0. 9.0, R&EWKE 18 mg/Lh, [mEHP¥IN 30%E /K 8 mL, &NEaE, REFIA
MRk 15 9. MNETEA 2h, INESEAS IR pH £ 9.0 £4, J¥EE, W BRI 98 .

Table 6. Effect of pH on phosphorus removal
Fz 6. pH EX LRI

pH 1.0 20 3.0 4.0 6.0 7.0 8.0

4 P (mg/L) 20 15 1.0 0.2 15 30 90

M EF 6 ATLAEH pH EEARANE @A T, BRS8N, IR R R B 5 T
SRR, RARFEAE R IR F k. FE pH EDIRAVERIRIE SR T, Fe¥ RREIE R Fe®, i
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W SR 252 B AN AT . 24 pH fETE 4.0 B A E BCR A, H/K S &8 0.2 mg/L, e brik 24
TR UE o
4.4. REHME BBHERAF T
HY 200 mL &5 B PR RBCE T 500 mL Bepfrdr, FHia$ide, BomE S B iE ST R W pH {2 4.0, i
NGRE, WKES 58 5 mg/L-h, 10 mg/L-h, 18 mg/L-h, 25 mg/L-h, 30 mg/L-h, [HEHF 70 30%3 %K 8
mL, MNFELSE, MIELPIMARRITE 15 9. NN 2 h, WINESEAS AT pH £ 9.0 £4, 78
Ja, B IE AT A AT A
Table 7. The effect of ozone dosage
=7 REFMENZN
RERE (mg/L.h) 5 10 18 25 30
P (mg/L) 90 10 0.3 2 4

M 7 AT DUE HBEE RAEBOIN AN, HK S BE S S AR D, dkSeinmt oK i = g21e Bt
TG R AE RN SR e = BZE I O3 Fl HyOp AHELAE A =25 -OH #H T4k, (R LA 74y, (HEE
5 RR AR Fe® AL B AL VE FI AN RS B i M R 4%, BRAK T O M. Bt LA E4M#r, N7 -OH
B H 78 20 R R R b Os A=, $E8 O3 RIS, O S ER =2 18 mg/(L-h).

45, MUEHTHEHMERENR

FR4E DL Eseah st B, SRR SZEe 4 4%, HY 200 mL & B R ECE T 500 mL serd, JFEHidE,
WAL SO T R pH A2 4.0, JENKE N 18 mg/(L-h)J R4, AN 30%X0 4% /K 8 mL,
M SEAE, P IINERER 2L 15 g. MR 2 h, SINEEALE RS pH £ 9.0 24, &iE)E,
WA T A3 ARG o

Table 8. The degradation rate of phosphoruswas optimized

8. MR THAIFERER

pH  T8k(g) 30%XE/K(ML) REIHME mg/(L-h) ABRTHES B(mo/L) HEBSEMmMo/L) E%BE%
4.0 15 8 18 3200 0.2 >99.9

HIe 8 A ill: HIKEBEREZAE 0.5 mg/L LLT, ASKI B SBERMARANSHE L, BRBERCR
A, BRI B HE R

5. &

1) ARSCAEH R - BEUK - Bk T 208 SRR, @ ke sh. WRER A ik, ik
DUEME KBS 5 <05 mg/L, #1753 H 7K S B8 bRk B HE RS -

2) BV - MUK - MR EEL T 2@ M B B E R AR R ik B i, B A, e s
VAR AR A IE R IR 56

3) ASCIE L ST TR R TR R R AL B AN pH BN 4.0, BRERIEIIANE N 7.5%, BUE/KIMA
B 4%, REHINEN 18 mg/(L-h), 4B E#SE <0.5mgl/l.

ARSCIEIS ST, 43 H AU DG Al =25 1) S i PR R e Ak B 7 3, X ol PR AT A A AL B 1)
[ B B N8 5 Tl &
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