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Fig: 1 Experimental system of reverse electrodialysis reactor coupled with electrocoagulation for
emulsified oil wastewater treatment

1 XWERGERFE
1.1 RED B S5BERARMERSR
WHEBAESHLERMAERE GBI ME KL RERBEWOE 1w, HE 1]
W, RED FEHE 55 L 2258 28 A0 B — AR IC FEL % o S0 BT T Y RED HEME T AL 228648 1o ALl . RED Hidfk
Y B 2S4S . 22 W PR s S B Al AR B, S T 2 4 BB 40 5K CEM DL & 41 5K AEM(IR A1 93 ) B SR
AEM), WA HAE A", B0 type 10, JEE R 0.12 mm; Z M FEEJEE R 0.38 mm, fLE%
4 80%; 24> 10 cmx10 cmx1.5 cm [ ERFE 514 MR AL B AL AR o HL 2R84 B A FLIEEES GF& W1 52 g i)+l
A, HL AR RS R 20 emx10 emx 15 em. A8 Y BEEAT 0.3 em Fa A9 8 B TR, FH SR HCE BB (10 emx
10 cmx0.3 cm), MRS i 8 LA A IS TAT 1 om,  FELRRONR S B A 80 B THT Bl 90 em?®, FEL A AR i AE 7



1236 ok L B ¥ W EEAVE S

TPFERS L, % DL 400 romin 9 38 FE AN W 40 A AR A PN R S K, DA R e TR K B AT R
Ao EEEXAHEFEE B, JEF BT R AR AT P T 2 6] (9 AH 8, T AN 2 76 7 4 FH 1) 52
9524 BN 1 TR AT 2200 1 3R A IR e
1.2 TERTE

T B B 43512~ 0.03 mol-L™"' il 3 mol-L™" f #i /ik NaCl 7K ¥ TR AE A T A 1 Wit 47 18 HH .
Y B TEIL N (5 F1 7)o 0.1 mol-L™" A R FUA B /K 1 VA hy v B VR A A7 78 JRE DY I B B0 B) (N 2 B IR
BlIZE (6 FI 8) 3% M /M Vi W T AE VS WU 22 RED HLME (1) FAEMG MRS R ZMMERTT , Wb iy
RS R RS BRI WD, AR RIS MR FE AR, RV MR BE T & o Il S RED. Mk B RG /HR ¥75 WE 53
St A7 A2 AR A BE BB (9 A1 10), — B IRl 2E (4) 6 ik, JRAE RED FF/FH R 111 3% N ARG 24
Widh, LUK e f P 5 5% ) RED iF /A % . RED H M ) i BEBK 30 il &2 86 28 T4 . RED BA/FH (iF
J0) 1 5 R 2R A T N 1 P/ A R A A, R BUANER R I . R BT R (12 R0 13) FEZe K
I RED Ha, e 5y H Fa 300 A F R . RED HEL M 9 B8 JF 8 F R R 4% B8 e (Nernst) 757 F2 (X (1) 350,
BT RS0 FHY R BY Debye-Hiickel 772 (R (2)) 7R .

NnRT 1n()’csccs) (1)

U= + —_
(acem + @apm) oF VosOhe

Kb URNBERIFESHBIE, V; o B TS8R BB R4 N, M X (membrane pair) 44 ;
z AETWMEG RGBSR E, 83141 (mol'K) 'y THIRE, K; F LRI HEL, 96485 C-mol™;
yRETIEE RS CHHE, molL'. Nhs CEM. AEM 7 I CFKBT . FHE T2 # s CS Al
DS 43l hy e FAR 5 W o
-0.5122 VA(x)
1+(A/305) VA(x)
i 2 AETLE M A WAEBUKEE T4 (Axe =450pm, Aq- =300pm); ANE THE, mol-L™'.

M T4 RED HLHEMVE | 76 I O 2 & & B84k, PR RED A 3 B0 T [ L R T #2007
VOB BT A o AN IR SE I [ 5 RED HL3E 25 #4 AR AVE S 80 [ YRS WOR BE R 3 mol- L™, F VA IR I
fE 22 4 0.03 mol- L™, 3 B3 i 245 °0.35 ems ™ (i /M VA T U R X5 0 0.134 4 Lomin )] A8, JH545 3
WL R R 6.335 V., RED FLHMES ) (i) B 3) 115, 7F RED it B IKS ~, HZ
#5118 BH AR A AR 2 A Fi Ak 2 i an =X (4)~X (6) T

U,=U-IR; (3)

K. R RED HUMERY N HEPH , Q, e BROAL BH, s /v 5 V0 U 20 A OEL 0 P A0 R 1 B b A i, L
A

y(x) = exp 2

FEAR AL SN : M = M™ + ne” )
FAAAJF N : 2H,0 +2e” — 20H +H, 1 (5)
B : M™ +nrOH™ — M(OH), (6)

J O A S A AR S R A AR AR D R BET AT R IR BT RE S K v o IR TR R A
A5 BAARSR A 2 AN o N, T DU i 2RV 25 BRI K B T5 e . SR8 ()™ 1 mT LA
i R PR BTOUE B 7 2 K AR H 0 8 ok o AR ks SRR, BT 7 A A SRR TR e T e R A i
P, A BT RN L BRFLAL I B K B 2y o AR ITBUN  SREEAR I B i AUEOR T
Qe 5K 09 o B AR e U e Ah, M W e — R A AR B LTI o 7R 0 i BK Sl
T, mEEE RS IE 8, ARG BAEIFRELIY . AR T AL, S BOE AR ) B
HLI 5| 745 0



55 4 1] BRI B HT RS A R EE S S RS FL LR K 1237

1.3 #MRRANEE

PLE 6 FLAG K AR 5 . FLAR I &S R R BT K 40 g1S#PLIH (W A 18 E 4
At (P ED B RBA RS D) IFE I 8 g+ = b 3 K B W2 #1/E MR M o R 7 3 $F 45 LA
1000 r-min™" (193 BEHEFE 30 min, T8RS BT K FURE . 2B R VR M FLAL I R 25 76
Beo MBI 2L Sy 1 gL 0 S R K AT S i 9 o ) S0 41 M A0 1 R 308 19 3l /R
KB R GG pH, I8 1 s 0 S £ FL AR B (Na,SO,) SR IR il R K B L 5 3%

SISy T A% T VR T T T B RIOK O R FOK, BT R R R/ R U A R R AR 2R
R R e g, 4B AT L2

ST T P AES A, AN LA EE T (UV1780, H 7R B A IR F)); G312 (BT100-27,
{35 AR M A R A 8531 (KCP PRO-2-N16, REBRWIERHL (B HRAR); BT R
S (JJ1023BC, G B FFEA R H]); H0F 7 H 3 (KEITHLEY 2 110-220, - S 1E 48 v BH 8 A5 FR 23 )
G BLOHL (LSC-20, FHERKAAER A RA R I HEAS (EMS-9A, REERH (a8 0 A FR
2Ndl); B EAL (FE38, MRt Al Z R (b E) A BRZA Al); pH Y (PXSJ-226, i F @AY

A R HE])o
1.4 SCIG ARG 755k
BERSCHGHT, Bkl A BH A 5o e F B IR 1 W IR U 15 miny B7 i FHRD 40T B 5 L 5 oK

Wk, ABRERMAE . ELK SR, Sl KR Ay 60 min, AR 10 min i B 7 AE
(18) WA KA o X ET A K FE AT B0 AL B, R F 2R SRR OB B R EE Y MK A A B ok . FE
T KA E L mL oA AL HEAT B FL o SR ERE I S SR TR 5%, #R )5 F 10 mL A 7 ik %2
IO A T i D0 2 o 0 T 3 a5 AT U 4 ol o B AN S K R R RO B, A A B 42 o B4 A
e 2 AL B . 4% 5K (7) IHE BRI O T IR R BAES O] E i K AL BRSO RS, R
FHH— AR Bk AT 5000 . AR R SRR A 21K,
R=(1-C,/Cy)x100% (7

K Gy R &g K WG BT e BE , mg L'y C, o B EEAL I ¢ 5[] J5 0 A5 5 i R K e i B A v
FE GLAL S 0 5 i B 7K 58 A W e % 4K I8 {H 2=225 nm), mg'L',
2 #R518
2.1 EEARAA R HRAR (B) BE FE K% R H 2R 19 $2 M

MR BE AR R N - . NEEWER . ARk A SRR BRBEETERER . BRBEETEK-ED
6 FFA-BHALAF RLAL &, FLL 5 R 6] BR -BH A L AL & 6 FLAL TR K R BRACR 52 m . B 2 451 T AN
[Fi) R AR 2 B AR A ) i e R (o e R B B B AR AL G R o o, SEES SRRl RO IEIEE | om. i
JE K H S0 0.1 mol- L7 B2 &M, pH Sk 7.8 (pH Ak 7 14 i PR 2 BiE 4% 194 2L Ak vl Hp s n T S 9 L T
Na,S0,, SO, B F il LI issG H B, [T & pH FH&), i 20 C.

b [&l-2¢a) AT UL, SR FH 40 BH AR B) AR R ] F e 3ze v 1R FHAR PH AR, 17 RED %0 Hh F TR 5 Fe SR e 0%
K FAR AR BH AR AR SCHRAN I o e Ak, SEE0IA & 3R FH B BH AR B 3 16 F 8% ) Pl 9 2 I T SR 4k PH AR
BFEgHL G, DU, B R AR BH A B AR bR () e R 4% g, (ECR PR BH AR 22 Bk, RED H 3 ] DL 1
BRI HL Y

AR e, SR E, Bl AR MR E ., —Jrm, AR
K, FAEMEEREEZCY 5 —Jrim, RS EEK, BN R AE B SRR R B R
SHE/NEYT U B BB, B 22 B /N R T Ok B T 2B R AR A T K R A
A MK o B OR R



1238 ok L B ¥ W EEAVE S

100 X
—— NN
5 Fe——2 3 o o - K%m_%
¥ —X 80  —— B4k
o —v— f1 -0
i iy o R B
Z —a H § 60  —— BRIEETHR-4
83 —v— i %
o R Z ol
5l —— BRI 4
i * * * o 44—t 20 F
0 1 1 1 1 1 1 0 1 1 1 1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
SV [ /min SV [ /min
(a) HRAh ] s He (b) B

2 REEARE & TARAR I8 I % 5 S i R A 8 O 5 4L
Fig. 2 Variation of inter-plate voltage and oil removal rate with time at different electrode combinations
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Fig. 3 Variation of inter-plate voltage and oil removal rate over time at different plate spacing
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Fig. 4 Variation of inter-plate voltage and oil removal rate over time at different supporting electrolyte concentrations
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Treatment of emulsified oil wastewater by the coupling system of reverse
electrodialysis stack and electrocoagulation
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Abstract Based on an experimental study using the RED-EC coupling system powered by SGE energy to treat
simulated emulsified oil wastewater, the impacts of the electrode material, plate spacing, supporting electrolyte
concentration, initial pH and temperature of the wastewater on the removal rate were investigated. The results
show that the coupled wastewater treatment system using iron anode material had higher oil removal rate than
the aluminum anode material. The oil removal rate of coupled wastewater treatment system was affected by the
variations of plate spacing and oily wastewater parameters (conductivity, initial pH and temperature). Too large
or too small plate spacing was bad for the oil removal rate of the system, in the studied system, the best plate
spacing of the electrocoagulation was 1 cm.When the conductivity of wastewater was very low, the oil removal
rate of the system was also low, and appropriate addition of supporting electrolytes could quickly increase the oil
removal rate of the system. The oil removal rate was higher under neutral or slightly alkaline conditions. The
higher the temperature, the higher the oil removal rate of the system. In the experimental range, the oil removal
rate of 2 L simulated emulsified oil wastewater with a mass concentration of 1 g-L™" could reach 98.39% after
60 min electrocoagulation treatment .

Keywords reverse electrodialysis; eletrocoagulation; emulsified oil wastewater; removal rate


http://dx.doi.org/10.1038/174660a0
http://dx.doi.org/10.1016/j.electacta.2021.138153
http://dx.doi.org/10.1016/j.colsurfa.2007.07.024
http://dx.doi.org/10.1016/S1383-5866(99)00072-6
http://dx.doi.org/10.1016/S1383-5866(99)00072-6
http://dx.doi.org/10.1016/j.seppur.2020.117631
http://dx.doi.org/10.1103/PhysRevLett.111.128302
http://dx.doi.org/10.1016/j.jhazmat.2005.07.084
http://dx.doi.org/10.1016/j.jhazmat.2005.07.084
http://dx.doi.org/10.1016/j.desal.2007.05.010
http://dx.doi.org/10.1038/174660a0
http://dx.doi.org/10.1016/j.electacta.2021.138153
http://dx.doi.org/10.1016/j.colsurfa.2007.07.024
http://dx.doi.org/10.1016/S1383-5866(99)00072-6
http://dx.doi.org/10.1016/S1383-5866(99)00072-6
http://dx.doi.org/10.1016/j.seppur.2020.117631
http://dx.doi.org/10.1103/PhysRevLett.111.128302
http://dx.doi.org/10.1016/j.jhazmat.2005.07.084
http://dx.doi.org/10.1016/j.jhazmat.2005.07.084
http://dx.doi.org/10.1016/j.desal.2007.05.010
http://dx.doi.org/10.1038/174660a0
http://dx.doi.org/10.1016/j.electacta.2021.138153
http://dx.doi.org/10.1016/j.colsurfa.2007.07.024
http://dx.doi.org/10.1016/S1383-5866(99)00072-6
http://dx.doi.org/10.1016/S1383-5866(99)00072-6
http://dx.doi.org/10.1016/j.seppur.2020.117631
http://dx.doi.org/10.1103/PhysRevLett.111.128302
http://dx.doi.org/10.1016/j.jhazmat.2005.07.084
http://dx.doi.org/10.1016/j.jhazmat.2005.07.084
http://dx.doi.org/10.1016/j.desal.2007.05.010

	1 实验系统与方法
	1.1 RED电堆与电絮凝器耦合系统
	1.2 工作流程
	1.3 材料及仪器
	1.4 实验和测试方法

	2 结果与讨论
	2.1 电极材料对极板间电压及除油率的影响
	2.2 电极间距对极板间电压及除油率的影响
	2.3 支撑电解质浓度对极板间电压及除油率的影响
	2.4 初始pH对极板间电压及除油率的影响
	2.5 温度对极板间电压及除油率的影响

	3 结论
	参考文献

