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Mineralization of highly conductive and contaminated produced water
using an oxidation system combining diaphragm discharge and ozone
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Produced water associated with crude oil production contains highly concentrated organic compounds. In this study, two types

of produced water (PW1 and PW2) with different properties were treated using an advanced oxidation system combining

diaphragm discharge and ozone. PW1 and PW2 were mineralized within 330 min and 50 min, respectively. More than 90% of
total organic carbon (TOC) was removed in both cases. Treatment of PW1 led to a maximum decomposition rate and
decomposition efficiency of 0.071 groc/h and 0.374 groc/kWh, respectively. The decomposition rate is ten times higher than
that of other plasma treatments; therefore, this oxidation system showed the potential for large scale treatment. The
decomposition efficiency can be expected to increase when optimizing diaphragm discharge conditions and controlling plasma

power according to the concentration of organic components.

1. ZU&IC

M OFRIERR | K (B S LA FELEAK (PW: Produced
Water) ODOWLELASHIREIZ 72 > T 5. BHAEAKIZIZH 5,
W, KEWAERY, BESBEZEPEIN, GHTA
PrE ORI, HESR, RIS L o TRE

B b VY b oMHTERE SN SRR IR O
B, EUE, BESMECX MmO KREo0L, M
WHEARBE S TWE ™, —J, ko7 MB
WCIEBEREK & BN T A Z L SR EE R 7o, £ <
DOEEEA~H SN T WD, Lo LEEHEIOBLA, S,
BHPEK PO 2 bR L, & O ICHEG RIS H B % 5
WHEZR A YA P Y AT APRD LN T WD,

B ERD O BIZIZe Fuds v 5T )L (OH
IV HN) EHRT HRERICLEIHVONE, 20
FRIILIE D72 5H, 4 (05) LB bkE (H0,)
ZRPCRIGEETOH 7V H VEAERT S 0/H0:
AV OFHARED R, MOMRERICRLEIZ AT

F—T—K:5AVTTLWE KBTI~ FV )
WIRILKTREE, TEERRICALEE, IR IR
PR IHER R B ERE T LY HIK
(T152-8552  AURUHRH BXCORR 1L 2-12-1)
Department of Electrical and Electric Engineering, Tokyo
Institute of technology, 2-12-1 O-okayama, Meguro-ku,
Tokyo 152-8552, Japan
' saeki@plasma.ee.titech.ac.jp

RERLILIZF S LW FIsAH 5 0 RIFFEETIIK
HERIAN T 7 A< I & D AR S 2 #ERfbkE s, N
THETERINDL TV v 2 lMAE DY 0/H0: %
el Cc&z”. RAERIET I XA~DARCTEBAFERTT
XTHo70, F A MU WL 25 FEPEK I
T 5. JeATHIgE I, s E R L e A
Py % & e blfEK 50 mL OB LALEIZ R II L2 7.
BRI DHERIZSHEECDOTY, ZhICRE-S
TR O MRS LIS & 20 B 7 BIFERGE L2134
BED I LORBEENLENL. KPEIENT T X
I & D WAL FE A O A BUREE XY 10 mg/h TH D
A, BEAREOFEIIIE 105 Lo ERGERE LB L
SN, RE=EACIAT 7238 H - 72

Z ZCER S IS AR R CERE IR O MK & &
REE IR CEX 2 e LT, ¥4 Y 7T L4108
DM EMET L7z, 4% 7 5 AREIZKPRED
Th), WEEEFEETICBVTY, WHELSHESR L T
TELEEPICHEXERTE S Y, AEAKIBTITK
BEAEREND DT, KPLEIZHHELTOH 77
AR ENL. HVT OH I Y h VS L CRERL
IKENEREIN DL 720, o7 5 X< 12 _TEERLK
FOEREPRKEL 7L, KL TIIELRSHICLLE
WOBEFEE P C B TRMATEBEEICL Y ¥4 Y75
LEARE L, @ERILKEOA B EA R L 72, §F
T O/HOAEHEREIL Y AT 22 & V) BB - EikE



TAXT T LWE F T PRI L 2R

AHBEKTH HBEFEKRDIERRILFZERZ 1T\, A O
gt P RO AR AR T & DB BRI 2 AT o 7.

2. EREBE AT E

21 BANYITSLBMEBEEVT Y Z1ERK

M1IZFAXYTILWME) T 75 OE-NERT. ¥
AXYT7I0) 77 7EEE10em, EFE3cmD22O0D
ME7 7 vE, 73y Z7BBETHER SN TS, &
F 3y ZBEDOE XL 1 mm T, PUREIZEEH OB
HULIZEEE 0.3 mm OFGHILEZ RS, 2207 7 1) VE
WM IIVvIBELZOY Y7 (A, 7VvETL)
Ty =W L7 727 ) VEEIIEAT ¥ L A (SUS304)
B LM, P ER, IR O - R
— N, BEREWO AT WERITY T2 FNOED
PEFEIZEE o 72h, Rz 727 5 NOME
N REMZEPTHDOTH 5.

tSqution Pressure t Solution
A output reducer A output

5 —  —
Solution mh's Solution
input input

M1 FA4Y 77588 T 75 O
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Table 1 Characteristic of produced water and inverter condition.
PW1 PW2
TOC concentration 424 mgroc/L 56.8 mgroc/L
pH 7.6 8.2
Conductivity 39 mS/cm 1.0 mS/cm
Voltage 2kV 4kV
Inverter Frequency 10 kHz 20 kHz
condition  Duty ratio 100% 100%
PDM value 1/0 2/4
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Fig.3 Voltage and current waveforms of the diaphragm discharge
inPW1 (a) and PW2 (b).
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Table 2 Plasma power, H.O: generation rate and energy yield.

PWI simulated PW2 simulated

Plasma Power 102 W 206 W
H:0: generation rate 298 mg/h 310 mg/h
H:0: energy yield 2.93 g/kWh 1.50 g/lkWh
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Fig.4 TOC concentration and pH vs. treatment time for PW1.
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Table 3 Equivalent resistance of reactor and loss of joule heart.

R, [kQ] R, [kQ] Eus [T]
PW1 6.52 0.0447 1.08
PW2 120 1.07 1.63
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Table 4 Treatment characteristic of produced water.
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by plasma methods

Decomposition rate Decomposition Os consumption rate ~ HO-» consumption rate AOs/AH:0: ATOC/AOs

[ groc/h ] efficiency [ groc/kWh] [ mmol/m’/s ] [ mmol/m’/s ] mole ratio mole ratio
PW1 0.071 0.347 7.98 243 3.28 0.20
PW2 0.065 0.223 9.60 2.53 3.79 0.16
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