296 | oI TAN@EE S0 — Review Paper 296~308. 2010,

Haxz|olA2] Peroxone (03/H20.) B8
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ABSTRACT : The peroxone process overcomes many of the limitations associated with conventional and advanced water
treatment systems using chlorine disinfection and ozone oxidation processes. Ozone and hydrogen peroxide generate highly
reactive hydroxyl free radical which oxidize various organic compounds and has highly removal efficiency. The key issue to
operate peroxone process is developing the method to achieve high process effectiveness when scavengers that inhibit
generation of OH radicals or consume OH radicals are co-existing in the process. Also many studies, to minimize inorganic
oxidative by-products such as bromate and to reduce disinfection by-products after chlorination behind peroxone process, are
needed. And we should consider the excess residual hydrogen peroxide in the water. On-line instruments and control strategies
need to be developed to ensure effective and robust operation under conditions of varying load. If problems above mentioned
are solved, peroxone process will be applied diversely for water treatment.
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Table 1. Comparison between ozone and peroxone oxidation®®

Ozone Peroxone
Ozone decomposition rate Normal decomposition producing OH radical as an Accelerated ozone decomposition increases the OH radical
(water at a pH 10.9)% intermediate product (1.9 sec) concentration above that of ozone alone (0.047 sec)
Ozone residual 5~10 min. Very short lived due to rapid reaction
Oxidation path Usually direct agueous molecular ozone oxidation Primarily OH radical oxidation
Ability to oxidize Fe and Mn Excellent Less effective
Ability to oxidize taste and .
Variable Good
odor compounds
Ability to oxidize chlorinated
. Poor Good
organic
. . - Good, but systems can only receive CT credit if they have
Disinfection ability Excellent

a measurable ozone residual

Ability to detect residual for . . .
- . o Good Poor, Cannot calculate CT value for disinfection credit
disinfection monitoring
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(spectrophotometric method) 2 &3 (fluorescent
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Table 2. Characteristics and comparisons of hydrogen peroxide analytical methods

o] glom, ]S WAOE B BABSL FES &
ok R gehesh weki ehelA ek Bl

M o

S
EleRa ()Y ARshY, slszded /‘Liﬁﬂ A
(IN/HCOs™ AFabgo] Qleh. Eleka(IV) ¥ A s
ERoA 7 Eol ARgEE I eR gk B9 7E A
A= 410 nm 3PN FFES 574
A AFSHHE 5~100 ug/Le| IAtSla
w3 AUEE YEhY] w2l ddAde
" FUFE(IN)/HCOs AFSPH-L: 260 nm TPl A 245}
, AESH+= 0.01 mg/LeE %0 100 mg/L H=2] &
& (nitrate) ¥} 1 mg/L FE2] oFFAAEY o2 (chlorite
ion)o] A M= o] wajaclos Ag3it ™ §
B2 HRPE AREsto] W 5o i dMbskeas &
Alof] A-gEw, A e o] Fol tieliAl= obdl &
A A ¢r}." Table 20]3= LFERHA] ghgkor o o]
= A7]3FH (electrochemical) =& 3} biosensort
ol qirt. A/NBEA HPHE o}F ke YRR A F
2l W= Fskrae] FESAo| &
go| HAE BaAu|7} mrleks wo] Ik ™ o)
W=l biosensorH-E IS AES Aspergillus nigero]|
M A/ E= catalase (F4)E ARSI 59 Iitelpa
£ &3 qkaz EajAA Al RS S75to] 2Hitele
429 T g ARets WHORE 1~700 mg/Lo] oA
4go] A5 Aow mueele.”

r*ﬂ;;

-~

el

6. ™M4x2|0lM peroxone 22Fe| 2 A

T S8 Y 5

2000\ o]Fof W3 A= FHOE peroxone
S8= Aol A83s] %t A UEs= 825t
Table 39| LFEFYQIT}. Table 304 & <= %\%‘)] ojorEA
., WA AolEdF, NDMA, =9} oltaw, 59w

35)

) Expected
Working range ) Automated
Type of test accuracy Interferences pH range Field test Current status
(mg/L) est
(£%)

lodometric titration Y 10 5 Oxidizing species Acidic Yes No Currently used
Permanganate titration 0.1~100 5 Oxidizing species Acidic Yes No Currently used
Colorimetry, Titanium [V 0.1~5 Not reported Ozone Acidic Yes No Not recommended
Colorimetry, Leuco base of phenolphthalein 0.005~0.1  Not reported Ozone Neutral Yes Yes Not recommended
Colorimetry, Cobalt Il /HCO3~ 0.01~1 Not reported Ozone Neutral Yes Yes Not recommended
Horseradish peroxidase (HRP) fluorescence 10°~10° Not reported Other peroxides, ozone 4.5~55 No Yes Currently used
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Table 3. Treatment of micropollutants in waters by peroxone process

Peroxone process Target compound  H,0,/03 ratio . Measure of
o Matrix Scale . Summary of results References
features (initial conc.) (H20. conc.) degradability
1~5 mg/L Os alone Clofibric acid, diclofenac, Distilled water and Reactivity order: diclofenac ) ibuprofen  clofibric

X 0.4 . Bench Specific drug acid. Rates decrease in river water compared to 76
or 03/H0; at pH=7 ibuprofen (2 ug/L each) . natural river water P U9 distil.led water. HiOs enhan\z:esm:)erforman’::e )

03/H:0. process provides an more efficient and

81 mg/L Oz alone or

Methyl—tert-butyl ether Tap water and 3 Specific

03/H,0, at pH=6.55 (100 ma/L) 0.33 roundwaters Bench comoounds economical treatment alternative for the remediation 77)

and 7.65 9 9 P of MTBE—contaminated water than Oz process.
Suliamethoxgzole, Degradation follows second—order kinetics, First 5
carbamazepine, - 5
diclofenac drugs far more reactive than the rest, Water matrix

0.1~2 mg/L O3 alone 174 —ethinylestradiol, 035 Lake water, river Bench Specific drug affects ozone stability, radicals formation and 78)

or 03/H0; at pH=8 water, well water scavenging. Both direct and indirect oxidation
responsible for degradation, Degradation below

quantification limit for each compound within 18 min,

roxithromycin, ibuprofen,
iopromide, bezafibrate,
diazepam (0.5 um each)

217 mg/L - min for
120 min O3 alone or
03/H,0, at pH=11

PFOS could not be oxidized during Oz alone and
0.38 Distilled water Bench Specific drug 0s/H.02. but FAEO could be oxidized 90% by Os/Hz0, 79)
and oxidized 70% by Os for 120 min,

For humic and fulvic acids, results revealed that the

5 Fluorinated surfactants
(20 mg/L each)

33~47 mg/L for 30 best removal of COD and TOC was with 0.04 Hx0,/O3
min Oz alone or Humic acid and fulvic .- at 20 min where 50% of COD and 78% of TOC were
03/H:0; at acid (80,000 mg/L each) 0.032~0.088Distilled water Bench COD, TOC removed. While an increase of H0,/O3 can improve 80)

pH=8,95~9.16 the elimination of DOC, the elimination of TOC was

better at decreasing it.

Removal efficiencies of SDBS were 18.6% and 30.2%
Sodium Specific in the 5 min treatment by the O3 and Os/H.0»
dodecylbenzenesulphonat 0.34 Distilled water Bench process, The value of the O3 decomposition constant 81)
e (2.8x107° M) compounds obtained for the Os/Hx02 (2.5X107° s™") process was

higher than for the Os (1.3X107™ s™) process.

Final TOC removals were 36.1% and 23.0% in the 60

1 mg/L Oz alone or
03/H.0; at pH=7

15.7 mg/L - min O3 Specific min treatment by the Os and Os/H.0, process. The
alone or O3/H0, at  Phenol (100 mg/L) 1.08 Distilled water Bench compounds, value of the O3 decomposition constant obtained for 82)
pH=11~12 TOC the O3 (0,1028 min™") process was higher than for the
0s/H:0, (0.0881 min™") process.
Specific The presence of Hz20. highly enhanced the removal of

4.6 mg/L Oz alone or

0s/H0s at 2,4—I?|oh|orophenoxyace|| 03~12 Distilled water and Bench compc?unds, ?,A—D from yvater_ Z,A—D rgmoval efficiency \{vas highly 83)
. ¢ acid (8.26 mg/L) tap water oxidation improved with the increasing of H,0,/Os ratio and pH
pH=3.65~11.83 ) ) . !
mechanism  value of the 2,4-D solution within certain range,
20~320 1m Os alone . . . NDMA, NDMA could nolt be significantly oxidized during Os
M-nitrosodimethylamine by—products, alone, Os/H,0; is necessary for Y50% NDMA
or O3/H:0; at 0.5 2 Lake waters Bench e ) f ) 84)
_ (1 um) rate constant, oxidation depending on the OH radical scavenging
pH=6~8
Ret rates of the natural waters,
2~6 mg/L O3 alone ) . Distilled water and Tannic acid, The an|t|on of H0; ha; |mprovement on the
or Os/th0s at pH=7 Tannic acid (3~10 mg/L) 0.43 natural river water Bench TOC. DBPs ozonation effect of tannic acid, TOC removal 85)
! efficiency of Os/Hz0; is higher than Os alone,
0.6 mg/L - min O3 ) ) ) -
30 Pharmaceuticals - - Degradation follows first—order kinetics. Aosz02
2':2? or Os/H;0; at (8.2~122.6 1g/L) 0.174 Distilled water Bench  Specific drug values were 1,26~2.18 times higher than kos values, 86)
Degradation follows second—order kinetics, Linuron,
1.8~4.4 mg/L O3 6 Herbicides and 3 Specific diuron, prometon, RDX, nitrobenzene,
alone or Oz/H:0, at substituted benzenes 1~10 Distilled water Bench cgm ounds 2 4—dinitrotoluene and 2 6—dinitrotoluene show low 87)
pH=7.2 and 8.2 (0.5~1 um) P reactivity toward Oz alone, But all chemical (except
RDX) demonstrate high reactivity toward Os/H,0;.
03 and Os/H:0, were effective for 2 estrogens
1~25 mg/L Oz alone 178 —Estradiol and removal in aqueous solution, Estrogens removals
or Os/H0z at pH=3, 17a —ethinylestradiol 0.5 Distilled water Bench Specific drug were higher than 96% for all O3 doses and pH values 88)
7,11 (each 10 and 50 ug/L) investigated. The addition of Hz0: to the O3 process
did not improve estrogens removal,
The removal of DOC from raw water by the peroxone
system was more effective than ozone alone, with
2 mg/L Os alone or Thihalomethane formation , . THMEP, DOC, the post ozonation peroxone system achieving the
03/H0, at otential (THMEP) 0.1~0,35 Natural river water  Pilot Bromide greatest removal, The post ozonation peroxone 65)
pH=6.8~7.0 p system removed 61% compared to 53% by ozone,
THMFP were up to 47% higher in the post ozonation
peroxone system vs, ozone,
660~3680 mg/L O3 . ) Water.matrlx affects ozone stabnny, rad|ca|§ .
Ciprofloxacin (7.5~45 . - formation and scavenging. Both direct and indirect
alone or O3/H,0; at 0.06~30 Distilled water Bench Specific drug . . . ) 89)
H=3 7 10 mg/L) oxidation responsible for degradation. H.02
pR=3, enhances performance,
With increasing H.O. concentration for DBS oxidation
Saturated Os solution at various pH, two predominanting reaction mechani=
or Saturated O3 Dibuthylsulfide (250 (10_4~1 Distilled water Bench Specific may be differentiated: ionic and radical, The ionic 90)
solution/H.0; at mg/L) mol/L) compounds  mechanism dominates in acidic environment, at pH(3;
pH=2~12 contribution of the radical mechanism increases with

increasing pH value, reaching its maximum at pH 9,
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