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Abstract

Cutting oils are used in machining operations to reduce friction, provide lubrication and cooling
properties, and prevent corrosion. Biological methods for treating wastewater from these oils have low
efficiency. Therefore, other methods should be considered to treat this type of wastewater. The purpose of
this study was to investigate the use of electrocoagulation for treatment of wastewater containing cutting
oil. In this regard, an electrochemical reactor equipped with two aluminum electrodes and a direct power
source was used. The efficiency of the electrocoagulation process was evaluated by measuring the
removal percentage of chemical oxygen demand in a certain time range. The effect of various operating
parameters such as oil concentration, applied voltage, stirring speed, initial pH, distance, and surface of
electrodes on the efficiency of the electrocoagulation process was investigated. The results of the
experiments showed that reducing the oil concentration from 3% by volume to 0.5% by volume led to an
increase in the efficiency of the purification process up to 97.3%. Increasing the voltage from 40V to 60V
reduced the time required for wastewater treatment with the same efficiency from 50 min to 20 min.
Decreasing the distance between the electrodes from 6 cm to 2 cm and increasing the effective area of the
electrodes from 60 cm? to 180 cm? reduced the time required for purification to 20 min. Also, the results
of the tests showed that the time required for the purification process at medium stirring speeds (150 rpm)
is low. The obtained results showed that the removal percentage of chemical oxygen demand in the
neutral environment was high (95.9%). Therefore, due to the simplicity of the method, low operating cost,
and the ability to design on an industrial scale, the electrocoagulation method can be used for the
treatment of wastewater containing cutting oil.
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Table 4. Required time for treatment corresponding to
different stirring speeds

Stirring speed (rpm) Purification time(min)
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Table 5. COD removal and the final pH corresponding to the initial pH of the emulsion

Final COD

Initial pH (mg Oz/L) COD removal (%0) Final pH Initial and final pH difference

3 1380 94.4 6.9 3.90

7 1020 95.9 8.5 1.50

9 4660 81.2 10.8 1.80
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distance of the electrodes
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Table 6. The required time for treatment corresponding
to the distance of the electrodes

Electrode distance (cm) Purification time (min)

2 20
4 43
6 65
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Fig. 5. COD removal by changing the initial pH
of the emulsion

1A

0
1
Tgf 2 AI(OH)z(s)
g 4 [AI(OH)«]
w
o
5 -4 @0k
3 5 —-log [AP"]
< == log [A|(OH)?*]
o8 —=log [A|(OH),*]
o i + +=log [A|(OH),]
-7 '_,-' ——Solubility boundary|

3 4 5 6 /1 8 9 10 1" 12 13
pH

Fig. 6. Solubility change of aluminum complexes
with pH (Holt et al., 2005)
PH 5 b ion T (sl SIS S s - S8
(Holt et al., 2005)

Bl @IJlSd})ﬂLm,;SJI MU}‘—Q—Y’
f4_37j\uw,:ﬂ\uun,;:ps;\wmuﬂuj@u
el ol Y i 4 atad ol (6 aile o el
M\éqﬁa@‘oww\aumvJS..:-;.}AS)}L:QM.J.!LL@

5 on e o ol (gl 05V Ol easd i Loy 2SI

oMb 5 of O

Vol. 34, No. 3, 2023

\f"’dlﬂ&“b;tﬁ-ﬁu“f 099



ay

dx.doi.org/10.22093/ww;j.2023.382513.3316

old g 5 55l s pkii Lo yle

PH 350 oo (Jlest 5Ly ey, cble le Caliss
SN bt a3 o1LS 55 sy 2SI mhaw 5 alols il
Dol Sl (555 ot 6%@@@\; A ey
O ol Sl 21531 L COD Goiis as s o s Lt 25,
S5y sz Jlade 03 5 U danly & O 55 255
Sl s sladSse Gl (sl Lo 53 55250 (50
O30 4 COD Glis 18 o i S 616 S s sl oo 208
] Cddy e — sem> doys o /0 Bl 5w AY/Y
5 b slap s slade Sl 8l o 3L 1581 toes
il gl o3Y Oloj m 53 5 sad ST Mol (b Sy yac
G e Sy P o Bl Rl S e g 4 ol RalST
AL Ve 400 ladar ol JialS

o S samsplti Lt el s s
500 slea S il sloanl b 555 2 b se 5 S o
Sls e i 8 sleasd S on s 5 ST s
O3 532 Ll ol 3 o g ddal s Cas e 9 (g 54
- PR TSV PP LT P VA RV BPW S\ PSR FARY dl oy
Cnslis il e o 5le £ a0 ¥ 5l s S oy doli
shalS ans 53 5 Jole UL, ralSilasy SU o (So S
s glen g s e o 0L 2 el el il 0l >
© Vel anlb gl aalidl s SIS slil 4 aeS s s
o 4 £O

2315 e SR O e 5ol 451 PH 4S5l ol o> s
033 m (53 (S S slinil anl B b s an VI Bl o5
(AF/F) Gl slo ks 13 Bl LG s lie s Ll
5 e 53 san YT Gis L1, e (MV/Y) LB
LSt sl (YU cale dands  (30/9) Y o5l pH s
1ot 1y S Ul (S slindl a3 4z S el sy s
Jod =B LU 5 855 0 smd sal 0l Sl wias
slanls Jte gl adar B9, G5l wbsszs calbols
2 e sl ol 035 s s (Saall i alS ol i
28 wolitd Sy 5l

slinil a3 4w e ol ad oLl o fa 5y (s 2
Sl DLl 5 o ol 530328 sbas (S S

Water and Wastewater

Vol. 34, No. 3, 2023

oS 555 2 b3y S phas Cole 8l ) 2 -5-Y

Bl
ck—a&;\..mm\ﬁ‘\;w.\.&a)\: OLMJ/\ Ji.iJJ 4SJJLQLQJ:
o dds 5300 oS s 30l il (g1 05V Ol as g S
OUH R P ORI ENYE. PN UG I
o 53 5 2l s S sl 2asly (b s sad w5 o s
ol sl a3 s Lol Jale oS LSS chle 253l
(Murthy b o 2elS wias gl rJ'Y Ole) 35 9 ad aal g5
ol o ols GLESY J a5 el Cewss zlsetal., 2007)

70 1

64
45
I :
0 r r I ]
60 90 180

Surface area (cm?)

Time (min)
N w S [$2] D
o o o o o

=
o

Fig. 8. The required time for treatment by changing the
surface of aluminum electrodes

CE‘“J’:?;:L.MLS\J‘. (JY olas Ol -A S
ol sl

soriensll (sos 2SI s U ble i o1 p5Y 0o -V Jpr
Table 7. Required time for treatment corresponding to
the surface of aluminum electrodes

Electrodes surface (cm?) Purification time (min)

60 64
90 45
180 20
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