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Abstract

The petrochemical industry, including petrochemical processing, oil refining, and natural gas
production, generates large amounts of wastewater. Thus, the petrochemical industry produces a
large amount of wastewater containing a variety of pollutants. Therefore, the main objective of
this study is to evaluate the treatment and simultaneous production of methane from
petrochemical wastewater by different cathode materials in single membrane-less microbial
electrolysis cells. Three single membrane-less microbial electrolysis cells were made of
polymethyl methacrylate. The systems were 15 cm long, 15 cm wide and 10 cm deep with a
total volume of 2.25 L. Anaerobic sludge was obtained from an anaerobic digester of Isfahan
municipal wastewater treatment plant (Isfahan, Iran). The anodes and cathodes were held
together by plastic screws with electrodes spaced 2 cm apart. The MECs performance was
described by using several main parameters, electricity generation, gas production, COD
removal, and pH levels. According to the results, the removal rate of COD in microbial
electrolysis cells with the SS316 cathode was higher compared to the other two systems. So that
the maximum removal efficiency of COD with SS316 cathode under a voltage of 1V at HRT of
48h was 85%. Also, the results indicate that the production rate of methane and the content of
methane with the system containing the SS316 was higher compared to the other two systems.
The maximum methane production rate of 56 ml was with a content of 85% under a voltage of
1V at HRT of 48h. Based on the results, the microbial electrolysis cell containing the SS316
cathode was introduced as a promising system to treat and produce methane from petrochemical
wastewater.

Keywords: Microbial Electrolysis Cell, Wastewater Treatment, Petrochemical Wastewater,
Methane Production, Cathode Material.
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Table 1. Physicochemical characteristics of

petrochemical wastewater

Parameter Value
COD (mg/L 490-5
BOD (mg/L) 316-330
pH 7.3-7.9
Conductivity (ms/m) 1-1.1
Total phosphorus (mg/L) 0-1
Total nitrogen (mg/L) 6.50-8.15
NH;3-N (mg/L) 1-1.7
NO3-N (mg/L) 4-54
NH;-N (mg/L) 0.80-1.04
NO,-N (mg/L) 0-0.01
Sulfide (mg/L) 0-1
TSS (mg/L) 212-247

bl Lt w3l Sn 505 S0 gl sl o sl | IS
S by 3 L (L5 3 2 /X0 Ul o
i el (5535 25 g5 ke e ot aslizd T e
Olsea 55 S a5V Y S5 ws e (6,5 YV S5
=50 s S b J5ls 538 515 eslinal 55 50 518
i a5l Vo) o sl i ol ¥ ol L sy S
W&JEJIDCQiﬁ@agiiguabzﬂ\j\r\ﬁﬁ.xm
S aiar 5 Gl Sl oo il Jate ailis
o 0zt g oleiol 3 i 568 OB
T 33505 osbieas ad of SV G g b Sl et
2 S 5 (5099 2t S S oS gl sl s Sl
SUS e 53 izmen b dnd i gl e 93 55 (255
e e sadad 5 5 ‘5”TC“"' osbiady 5ol S et
A gladle I3 0 Sl 5 oy S b SOl
s ol Lot g1y s 46558 51 ko 35 2 S
Pl S5 Lnd s s B litngy s lizad n
Lol 5 itats 15 o5l 513 g 4255 VO (slos 5 ]
W9 03520 58 s (53la0bl, 51 8 (g5lse o Ll
[(Arvin et o3 suwe> ur.:_.w.:.w O35 4 4B Vo St do s

al., 2019a)

Selasl sl i, Y=Y
3N LT QLS s sasls -5 255 -5 COD yl5e

Journal of Water and Wastewater

Vol. 31, No. 2, 2020

at oLl oty o 0l b pin 1S 4 T 515150
580 5 6 s e ) L Sl sl S ans e o
e anb oo alS (65 51 S5t ol 0> S Jske Cwslia
gladamdo LB 5 sbas bt phoad olad 4 50 S 0 5 0
.(Logan et al., 2006) b o il 58!

Lo s ) 53 8 Sl 0l 51 (S st ool sl 23
B el Salsiel eS8 o ud s ol 5LS (i
BU o Son 5y S g 53 Blie 55 58 0 gad 5 055000
e (S S Canslin 018 nia Lt Sl aslin o Lt
Lid (ghls glaptans 5o H o sl JSio (izan 55
sl w8 s o) OB me 5 usl s 03,0 0 W5 (o 0 S
(Rozendal et al., 555 i sunl i l.mr.:_..,.:.., RBEREY )
2007)

(I 3 s 2 2L 550 55 oS sla iy s 058U
Lol o gl wial o i 5185l 5 51 e liz
e ol 3ozl 3550 3 insy et 6 (5 sb Sl s
Wl 48 K5 D g g Pl il

M5 s e Slay whal oLl Ress ol 5l Gus
sl S0 L e Wl o S 5y xS sk s oo
oS el sV 50 Lal ¥V (55wl
sl ol g5l (S 5o U s a s Slas j5kate en
W55 N3 st 350 Sslize st Jlas! a3ty o

b sy 9300 =Y

(s A Py (25 V-V

ot ) s oml s el s e By Ol
23900 53 (o g% 2l COD e il LSJJT(:“-’. olea!
U sad et ooy Slag o 2 5o 0 S L OFF L YA
Il 5 g 255 Jler sl s Lo iyl ga =
o=l o3 eslinal sy e (o da st Ol Sy ad 5SS

b sadan 51 Y Jaaz s o3

st S 5 7S g s -Y-Y
O LQ#)‘E) &:«&L’r_.é) LJ"MQS'WS’L" w&.")‘MEC r.'.‘.w?w dw
Gildas 2ol Vo 5 VONO plissl g 5,0 5 Jsb & (oo

\¥44 de Al o)l»-ir X 092



dx.doi.org/10.22093/wwj.2019.167223.2806

wyd edliseo Sloils’ s Sloe b,/

Atx AH
Wout = V

m

x(V,-V,)

methane

*)

SVoles o) 53 &S
s 00t Jlas) 3y Bap el om0l s 1
uu:,“uﬂr@\ o3 ALl e Lozl sl e At
O 5 5 51 ol e (6353 (6 500 AHmethane 436 o 2
55 olae 58 2> Vi (891 kI/mol)Jge 2 J555kS o
Jlasl 31 x5 0l 518 o Vi 35 Jlasl o s st
Ll 2 s olae 5US Jso e Vin 5 o oo o 35
el o]

31 Sl s o b 5I(ME) (5551 (2250 izen
L oo ¥ dslas 33 b Sl s 4 53555 5551 4 (205

e “

E

MECs ;I8! ol ,-0-Y
2 S s A sk s Shes s Cilis gL slS 1
St plitany 5l 36 s oLl ¥ S illan 6 oy
sl S0 slad sl 51 oS ol 6l bl 5 (L
Celw FA (Sdgsue wle pley g ody /7 5Ly L 0 Sa
COD bl b g ol b atu 50l O sy oo G Sy
}f}-lfj‘bd—’ﬁw‘)é.x&:@)J‘)?}J))rﬁd:&a"
s ol rlitea it slial Sl 53 05 e 0l siey
@ el s -HUS()—:-‘}J S 5 05 b (i
5 ,5COD:N:P ., e L L ol
g_)l_w.)' BE) s A nLé:.w\ )\j.n J._t_L.: C«lal& % nLé:.w\ (& g_)l.w.)‘
O s S LSV /Y (NaHCOs) ol S 0550
Wy IT e O (FeCly) any S T 8T 0 ((CoCL.6H,0)

S (59 9=

o Oy 5 e YA (CuS04L5H0) el iy
ey Sl W5 S VY/4 (MgSO,.TH,0 )]
5(CaCl.2H,0) 4l 33 a5)IS o ASYF/A (MnSO,.4H,0)

{(Elreedy et al., 2016) (ZnCl,) x| ST 55,0

Shles 56 e a8 53 5l Ly Ol saeliae 5l

Journal of Water and Wastewater

Fig. 1. Schematic diagram of the MEC systems
(1) inlet, (2) outlet, (3) gas outlet, and (4) electrodes
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Table 2. Operational conditions of MEC systems

Phase Operation Interval HRT Applied
mode (day) (days) voltage
1 batch 0-30 2 .
2 continuous 30-38 2 0.4
3 continuous 38-46 2 0.6
4 continuous 46-54 2 0.8
5 continuous 54-62 2 1
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