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Abstract

The composition of produced water in oil field was complex, and electrochemical water treatment
technology was more and more widely used. Three kinds of titanium based oxide electrodes were
selected to test the life of strengthened electrodes and the surface active coatings before and after
electrode failure. Based on SEM, EDX, XRD, EIS atlas and analysis of polarization curves, the failure
mechanism of electrochemical treatment of anode in oilfield produced water was studied. The re-
sults show that the life time of the three kinds of titanium-based oxide strengthened electrodes is
776 h and 596 and 599 h, respectively. The failure of the electrodes is due to the passivation of the
Ti substrate due to the dissolution and shedding of the surface active components (RuOz, Ir0;) of
the coating. This study is of great significance to improve the structure and performance of the
electrode and prolong the service life of the electrode.
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1. 5|8

Bt = UCRIM AR BT Z N, FER K R BEAN R %, ARBRE RS IR A S vy, AR GER K AR B
AR EZARET 2 MRIE I FHE AT A7 3R [1] [2]. 10 FAL 22 /K AR BE BOR DAL ER 0 A GR K AL L 2R3 R TR
REFBRIF SO AZ BINATEAL . HAT, il ER K A A A B il s Al & Ll
SR AN BRI A TR 2 (DS A IS (3] [4], b DSA BRI RN Z . EHE
IF 2 AP T BRI T 1 3 PR K AL S AL BB AR R AR LER X Ak FRAR AE ) S P R, SE K AR AR A A7

T EAEEZ .
2. MRFFEERNE
2.1. (L5

1) 1X#%: Hitachi S-4800 4L T 5% : Bruker D8 X HHEEATHT 041X : CHI660E FEAL 2% TAF ik
DH1718-4 fH it f i IR H B st ; 3 A AR IR JZ(DSAL N Ti/RuO,-1r0,-Sn0O,, DSA2 A4 Ti/IrO,-Ta,0s,
DSA3 N Ti/RuO,-IrO,).

2) R_7F): FeSO47H,0, NaCl, H,SO,%.
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2.2. AR

1) s@fb B E AR . 1R56 FH NaCl ¥ 3(0.596 mol/LYVE A FEARIR , BT FT FE AR JE3 ol A P 455 A A 54 L
e BMAREG PN RAMERUR K YRR (U IR (BRI N 4 Alem?®), DL DSA HEAR A BH AR (T
FHA 5 mm x 10 mm), ANEEANBAM(EF N 30 mm x 30 mm), AR EIFE 20 mm, 7EFEIE 40°C %4t N4t
Fff, NaCl A 10 h B4 1 IR, 5 60 s ic3% 1 AR . 22 F e S8 SR 48 DI BT TA Ay R T 463 2%
R, SRS 455 g5 BT XF L PR R [R] T A LA 75 28 1

2) LRI SEM i B 44T o SR 37 R S A4 7 AR (SEM) B LT 4% (1) X S 4R R A (EDX) X HLfi
AT JE B AR R T TR SRR . TG MEIR E R 70 3= & Bk AT I 2 A7

3) HIMRI XRD B8 H X SFEATH M Ao AR R TR 2 VAR S kAT 0 . A Ta L 20
9 20~80°, FAIHLL 4°/min, HIAK 0.01°, FikEEAE 5 ICPDS K fbexs, H JadeS BAEXIAEHEAT
fi 2 AT

4) FARAEIRAR 22 i IR o RIGEEL 0.596 mol/L (1) NaCl ¥& A FLA SR IO W 7T 3 At 48
A F AR R TV VR IR 2 I AL 250 1, S AL X (A 0~1.2 V, $HHIE 2 20 mV/s, FEIAIIR 8 IRAETE
IR 26: 1EE 0.01 mol/L 1) FeSO, & A HLAR VA U 72 3 P L 4 Ja S Ak 1 Al FELAK 25 B2 1 T
WOFERE, I EBALX AN 0~1.1 V, F#EZE 10 mV/s.

5) WG S R BIS EHE. H 0.596 mol/L 1) NaCl ¥R 1E B Af v i AT 22 St BTk, )
WAL 110V, IESZPBANETEEHA 10°~107 Hz, #RIE S mV.

3. MRERS5E
3.1. s BERIRER

N3 AR B S A R R ) s AR HE AR A i il (] 1) RTRAFR HY, 3 M DS AL R B HH UL 2R R0 I 1) 22 3 B X
FHEEIMNR %1, DSAL. DSA2. DSA3 saft a7l 7764 596+ 559 h. X724 SnO, 7£ DSAL
AR P N A S R T 72 AR SRR ELAE FH L DRSS T HEAR R B AR FP RS R RS I R A ELAE

Bt IrO, UMY 2, DSAT HUAREE INASE . AN, Sn & S5ERFEATE K TigSns B AL EY), HiR)E
ATy i M A B A, ANTITRERS 1 Bl AR 4 (5] [6] -
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Figure 1. The curve of enhanced electrolytic life of 3 kinds of electrodes
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3.2. SEM Ei& 5

M 3 Fh DSA HIARR T Ja HR I IR JZ 1) SEM EI(K 2) T LU, 3 Rl R &0m R S iR 2 14
HIAFIRE R B %, (BRI SAAEN B2 7. DSAL RARCR U EAD 2 Fhiitlkis B %
RN, HIRBERMIEARRAEEEDFRATH . DSA2 BHKRUEREEERE CHIUCE M, Hi
o7 B A O M IUARER IR EE A . DSA3 MR BUR RIENE MEIR JZ R AR, (2R 4E P IR Bl AR
H AT H

KA () DSAI RMJG
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Figure 2. The SEM diagram of surface coating before and after the electrode failure
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3.3. XRD Ei& 447

XFEE 3 MR R BT S XRD B (] 3) AT %1, DSAL R KRR S AT5 855,  HER 7 75 1
(13 3(a)), BB DSAT AR 5 MEER 2 20 70 & R s A a6 A RE AT B WD, G R TH
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R DSA2 HIMG R AR 2 AT S Ve otk B2 35 KR PRk 55, ELZE 20 9 22.166°F11 24.544° 053 B T —
AN R S5 AT SR U R — AN SS AT S (1 3(b))o IX 2 AORTHTIEN Ta,Os s iR MIAT S, Ui E i (Ir-Ta)O,
AR A T W RR, P BSR4 7 Ta,Os SRR SUETE MU E AR LS & 705, JE M /8 B 72
PR R A T RN FEL AL A VA, o 2 T T 4 OIS HE - DS A3 AR R XU , &5 AiT S I oi B 384 B 5(F 3(c))
Ut I LR UG RIS PR IR B R AR T VR B AR, S5 T S Vg o B ek 55

¢« Ti v ¢ Ti
+ (Ru, I, Sn)O, v IrO,
v Ta,0,
.
v 0 (Ir,Ta)O
L L v " » b
o
. 4 i f
AR R
* .
-~
AM .'.
>20 30 40 50 60 70 80 20 30 40 50 60 70 80
20/(°) 20/(°)
(a) DSAL (b) DSA2
* & ¢ Ti
, » Ru-INO,
. ©
3
-
KRG
+ &
AR R
.
20 30 40 50 60 70 80
20/(°)
(c) DSA3

Figure 3. The comparison of XRD atlas before and after the electrode failure

& 3. BEREMEIE XRD EiExtte

3.4. EDX Bl 4547

XTEE DSAL HIAR R ALHT S EDX B (1E 4) Lot R & &L DRI F1, DSAL HIRARME TR S B KA
T ERRETTEERZE Rwir S RN 5.5, BIARUGHHERE Ru/lr K& DN 1.6, i
HZA E AR 2 RuO, 1E 3 Ak FE AR FE A R AR SR PRI AR I 2 B3 I 8 S B AR PE I PRI &
KA WK E SRS S, RENESHOR SEEKRE S, AR T AS RN TIo, I, F8dliE
o

DSA2 ARG, Jeam A &R AEA T RARNIE 5. % 2). BRARTEERZ ITa I HE
79 0.82, HUfREVEVELR)Z I/Ta LR IR/ 9 0.58 Ui BAFESRAL B FE v [rO, AR T BRIV R, LI
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Figure 4. The EDX atlas before and after the failure of DSA1 electrode
[l 4. DSA1 BB LRI fE EDX EliE
Table 1. The element content before and after the failure of DSA1 electrode
< 1.DSAl BIREKYRIETRESE
TCRABI R %
Ti Ru Ir Sn (0]
FAL AR T 43.18 17.50 3.17 322 32.93
KRG 46.87 3.88 242 2.88 43.95
200 n
150 -
& =
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iy
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Figure 5. The EDX atlas before after the failure of DSA2 electrode
B 5. DSA2 AR HIfE EDX Eli

Table 2. The element content before and after the failure of DSA2 electrode
2. DSA2 BIRKHATE LR R E

TR A RSB %
Ti Ir Ta (0]
R TI 19.66 2528 30.89 24.17
K JE 50.35 3.96 6.84 36.59
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Figure 6. The EDX atlas before after the failure of DSA3 electrode
& 6. DSA3 BBARLHHT/E EDX EliE

Table 3. The element content before and after the failure of DSA3 electrode
3. DSA3 BIRAKRHRIGTRESE

TCR MBI B %
Ti Ru Ir (6]
LA 4125 21.03 3.00 34.72
REa 48.71 11.82 1.97 37.50

3.5. fEIMR R ihEk

7 9 3 F DSA HIAR KRBT G IAE IR 2 il 2k . xof LI rh 3 b B SR ORI AL AR T LA 3
ol FRLAR () PR AR AR 2 HLIAL S R P e D (B N 107° /b3 T 107, HAAR R ARG AR 2 T R i aze /s T 1
RGN

3.6. EIS Bt

8 A 3 B DSA HLAR AR AT 5 FIAS IR BT . LR, 3 AR R 2 Y i B AR K,
B 3 HLRRAE ARG AR T R AR T 8l AR AR MORRBE TR KIS n. MHELZ R, RAUS DSAL1 HEARAR
PR3 & /N, DSA2 HAR I RH BT K

4. &g

1) @R A I E T AE 40°C Y 0.596 mol/L NaCl &, HREZE N 2 Alem® N, 3 Fifi+
G B EAL Y A SRAL 5 A I ) 20 A 7764 5964 559 he B, FETREALIEAEW T, Ti/RuO,-Ir0,-SnO,
FLBIARA R 2 B RS T A J b

2) i#id SEM. XRD. EDX XJ 3 P -4 @ E A4 A R RO LER W Se B, 3 Folt e I 114 2 280 ERL 4
R TIRERETETEA I (RuO, IrOy) KT AR ML & BUAE Ti AR EE T &K A5l . {H SnO, 55 RuO,-IrO; [
P EAE RS Ti/RuO,-Ir0,-SnO, HAR R H 42 H A2
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Figure 7. The cyclic voltammogram curve of three DSA electrodes before the electrolysis and after the failure
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Figure 8. The EIS atlas before and after the test of enhanced life of 3 kinds of electrodes
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