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Fig. 1 Schematic diagram of the experimental setup
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Fig. 2 Comparison of phosphorus balance and kinetic reaction constants in H,PO,” oxidation by different systems
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Fig. 3 The concentration changes and utilization of H,0, and
NaClO before and after the reaction in H,0,/NaClO
synergistic system
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Fig. 4 Effects of various quenching agent on the concentrations of H,0, and NaClO and the oxidation of H,PO,", ESR signals
of DMPO--OH., BMPO--O,” and TEMP-'0, during the reaction



%534 FRIRASGE : H,O,/NaCIOP AR Z XS PRk s iR £5 A AL AR K S AL 731

R, KZPHALE-OH, O, AI'O, WGt Fh . LAk, & 4(d) o TEMP-'O, iAW R IE(S S5 B % L-
Histidine ¥ BE OGN risiss . LA L4552, EM ) H,0,/NaClo thElf&F&H, ClO™. -OH. -0, flI
'0, JEAR R AL HLPO, FOTEESIFD, oo, AR,

2.3 H,0,/NaClO hEHARE K H,PO, RIFNIE R

1) H,0, ¥ J¥ %I H,PO, & 1k % 5 i1 52 i) 00 F o smit
H,0,/NaClO WhfaEli&Z i H,0, ¥ H,PO, %L 4o |3 10 mmol - L
ORI 5 TR . 78 NaClO Behin g aomme L
50 mmol- L™ 4cfF, 24 H,0, #AmE4r H2 10, 5 5040 mmol - L
20, 30. 40. 50 1 60 mmol-L™", JZ ) 120 min ﬁ 40 [ —0—50 mmol - L-
i, H,PO, ALK PO, A LA 3 H 12% o [T mmel
27%. 35%. 61%. 88% F 87%. Bt H,0, Hn B!
BRI, HPO, B AR B Wi P . Y N
H,0, BN 50 mmol- L' B}, PO, A4 R K L L L - - - -

88%. BXATAERP N H,0, B Ao v b o “°ﬁ m_;fl_ﬂj/mij‘) 100 120
'0, A ARG YE Y AP 0 A R, SRR e e
ﬁu%X‘T H.PO 7/%:(‘/”3%7 PO 37[3@55&%7&%%@%2 Fig. 5 Effect OszOZ dosage on the oxidation OszPO[
2 2 4 MR

M. XAl fEJE N b &= A9 H,0, H 8§ Jo ik s2 8 00~
H,PO, HIEL AL, I, ARZ B H,0, [ OB
AN 50 mmol L™, 80 F 20 mmol - L

2) NaClO /ZQEEH‘ HZPOZ_%—L’ﬂj%{ 2 ﬂ['ﬁ] o A < 0 —A—30 mmol - L
[7] NaClO ¥ & 41k H,0,/NaClO [ & % % B 1‘5‘8 mm": i

N " N . = mmol - L!

H2P027%1t§ﬁ%5@%} u@‘%ﬁﬁn@ 6}3)?5_\‘0 YZE fw 40 F—#— 60 mmol
H,0, #hIEk 50 mmol-L™' 44 F, 4 NaClO #% e ,
TS5 10, 20, 30. 40 F1 50 mmol-L ™' i, 0
JZ% 120 min J5, H,PO, &AM PO, Ay 453 0|
R 12%. 27%. 35%. 61% Fl 88%. Ffi % 0 20 40 6 80 100 120
NaClO #hR Ak, H,PO, %&bl PO, XK SR Tl /min
) B Mz = T s
BT o 2 NaClO £initdy 50 mmol-L™ 1, 6 NaCIO $ZhIER H,PO, S{LRAEN

PO, WA RN 88%. if—A 4R NaClO ¥ &
4 60 mmol-L ™' i, H,PO, /b N PO,> ML R
R TR . HIRRATRER, WA NaClo ik —E i H,0, RWAERTEZM'0, S8 bis ey, it
MFRE T H,PO, #E—4a kA PO, BY, ST 14710 NaClo #i (60 mmol-L ") JEABE T HE i Rk
R, Wik, ek g NaClo #iih 50 mmol- L',

3) WA pH X H,PO, EALRCR 2 . 898 T A ERIR A pH X H,0,/NaClO Pplal & R A ik
H,PO, R AR . N 7(a) izs, 7E NaClO #l H,O, #4358 50 mmol- L' 54FF, MHIIA K
pH 20512 3 F1° 5, & 120 min B, H,PO, %84k K PO, 1A BR B0 52% Fl 88%. Fl& W1 IRV W
pH 97HE, H,PO, A PO, MAE BRI ETTHR . X PTRERERCATFIRMAEE T, ClO- S FIE Cl kg
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Fig. 6 Effect of NaClO dosage on the oxidation of H,PO,"
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Fig. 8 Effects of inorganic anion on the oxidation of H,PO,"
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Fig. 9 Effects of C;H;0,” and HA on the oxidation of H,PO,"
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Performance and oxidation mechanism of H,0,/NaClO synergistic system on
hypophosphite treatment in wastewater
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Abstract In this study, hypophosphate (H,PO,") in wastewater was selected as the target pollutant. The
performance for H,PO, oxidation to orthophosphate (PO,*") via varies methods including hydrogen peroxide
(H,0,), sodium hypochlorite (NaClO) and H,0,/ NaClO synergistic system were compared. It was found that
H,0,/ NaClO synergistic system had the best performance on the oxidation of H,PO, to PO,’". The radical
quenching experiments and electron spin resonance (ESR) spectroscopy results proved that C1O™, -OH, -O, and
'0, were contributable to the oxidation of H,PO, to PO,* in the H,0,/NaClO synergistic system, and the key
active species was 'O,. The effects of H,0, concentration, NaClO concentration, initial solution pH, coexisting
inorganic anions (SO,”, NO,~, HCO, and CI), coexisting organic anions citrate (C;H;0,”") and humic acids
(HA) on the oxidation efficiency of H,PO, to PO,” by the H,0,/ NaClO synergistic system was investigated.
The results indicated that the production of PO,” was 88% at 120 min when the initial concentration of H,PO,”
was 1.0 mmol-L™, the dosages of NaClO and H,O, were 50 mmol-L™', and the initial solution pH was 5. In this
reaction system, SO,*", NO,”, HCO,™ and CI” caused hardly significant effect on the oxidation of H,PO,", while
C,H,0, and HA concentration could have the inhibitory effects. Finally, phosphorus was recovered via forming
FePO, precipitates by adding Fe** to the generated PO,>” wastewater in an acidic medium (pH < 4.3). Finally,
the applicability of this system for treatment of actual wastewater containing H,PO,” was confirmed. This study
can provide a reference for the treatment of industrial wastewater containing H,PO, .

Keywords  sodium hypochlorite; hydrogen peroxide; hypophosphite oxidation; orthophosphate; singlet
oxygen
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