doi.org/10.52866/esj.2020.01.15.03

Journal of Education and Scientific Studies Chemistry Science
JESCS Vol. 15, No. 1, January 2020, ISSN 2413 - 4759

K dw ol Lald oo (o dubll Sleuall Jo ydad djl \
AUDSI 2l ddyyny Slglas
EU.\J'.\.}SLLU_:QDT S @Jg@l@lmmi
duwadadl ads / dygleoudd! duwsdal! guud Gl awydl ads / clouddl oaus
Cy s dooly Cy s doold

((Electrocoagulation st ¢l il ides Lo S5kl sl sall s siad Lol s e wJ\ ezl
s SN 1S 5 ‘M\,S,prou})ﬂsum L.@,UL;U,@((SuppragreemBlue 2) Sl Y
r—aﬂ(’|0X8XS)JQYDUMWBJW(‘\MLubu\M w\drw‘g_hd\ty}
9JJM\)>@LL@M;J”JS(SS 318)L}MJMLL_.~JUJA.J\N“W\U_A uuulf\muf_wdfooq_w
—DC(PS 303 a3, B soas () Lghoo 555 o2 U3 G Blay sy (o0 Tl 03,2 5 4]l
5 5Sall linall ((200PPM=150-100-50 5-S1J1 s (gdou 5 (S 5 30)L>_>)L>J_@.>u}(30w3A2
e 8] 53 de ((150PPM=100-50 551 75 o5 iU (N@2S04) i plasealy 5 Ui
.L.;M\,.s,wt_,,;\gf\‘_&MSJJ&N\,.SJM;L_WUJJJ\@m,L_‘,\J_e«/R«_HpUu,.L\W\
5. (SS. 1s)uk.._wMm!ﬁt\m\uw\gﬁguh}&,(mlr,ﬂxv\u_mf\m\
1U82)7.86.60 (izs p 51 Cdab i ((200PPMN ;S 5 e i 015) Al a2l O) sl pll o
Suppra [98.497/Bluez w,JMwzuwj\g,n_l”.x_.p(5oppm)f§,ﬂ)suppragreen)/57 98
Sl DI A ) ) O sl oLl ((150pPpM e 501 58 7 5 wlaealigreent.s 7. 22
S A Ll UGYILS ~ Lo ok Suppragreen Blue.2< : JLdl s 0l oo 5 513 35 a5l
&J:\bab@)\?oﬁ@‘w&;&\MJL\UJL&OO@waj@jﬂy‘ujb)@(5oppm)
kuﬂ\wbﬁgwﬁjgsw\%}}J\L})Y\g)\ Ll dn e
Removing of some medical pigments from their aqueous solutions as
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Ahmed abdullah al jobouri Prof.Dr.Ahmed saeed al dabbagh
Dept of chemistry Dept of chemical engineering
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Abstract:

This research included a study of a number of factors affecting the process of
electrocoagulation (EC) for following pigments (Blue.2), (Suppra green), Such as
pigment concentration , electrolyte concentration and electrode type used in the
process . The data was applied using a glass cell made of dimensions (5x8x10)cm with
capacity 400ml using electrodes of pure aluminum and stainless steel (5.5.318) each of
them in dimensions (Length 9 cm Width 3.2 cm ¢ 0.1 cm) connect a distance between
electrodes 2 cm and connect them to a digital power source DC (PS 30330 2-V,3A)
and external voltage (30 Volt) and with a range of concentrations (50200-150-100-
ppm) With the above-mentioned pigments and using salt (Na2S04) as electrolyte and
concentrates (50150-100- ppm) at laboratory temperature .

The percentage of removal (R%) indicates that it increases over time and increases
electrolyte concentration Itis alsoincreased by increasing the concentration of the dye
when using the aluminum electrode (Al) and decreasing the concentration of the dye
when using the stainless steel electrode (S5.318) It was found that the best removal ratio
was achieved at 200 ppm concentration at the aluminum electrode and in percentages
Blue.286.60% , Suppra green%57.98 ,and concentration 50 ppm at the stainless steel
Blue.298.49% , Suppra green%77.22 ,for pigments at electrolyte concentration (150
ppm) . Results indicated that percentages of removing for pigments studied increasing
in the following order Blue.2 > Suppra green. Kinetic studies for removing pigments at
concentration (50 ppm) with and without electrolyte through application equation of
first order it gave strong correlation indicated process first order and rate constant of
reaction calculated(k).

Keyword: electrocoagulation,pigment J
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10 0.358 | 13.31 | 0.462 | 26.31 | 0.602 | 26.85 | 0.880 | 38.07
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10 0.395 19.55 0.680 24.02 1.145 24 .57
20 0.375 23.63 0.660 26.25 1.074 29.25
30 0.354 27.91 0.635 29.05 1.047 31.03
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(min) | Abs %R Abs %R Abs %R Abs %R
10 | 0351|2320 o521 | 2223 | 0726 | 1889 | 1300 | 1252

20 0.280 | 38.74 0.488 27.16 0.668 25.37 1.206 18.96
30 0.249 | 45.52 0.423 36.87 0.613 31.51 1.048 29.57
40 0.220 | 51.86 0.388 42.09 0.534 40.34 1.033 30.58
50 0.201 | 56.02 0.31 53.59 0.502 43.92 0.948 36.30
60 0.172 62.37 0.302 54.92 0.470 47.49 0.892 40.06

70 0.149 | 67.40 0.288 57.01 0.422 52.85 0.795 46.58
80 0.129 71.78 0.268 57.32 0.360 59.78 0.716 51.89
90 0.109 76.15 0.203 69.71 0.294 67.16 0.591 60.29

100 0.097 | 78.78 0.146 78.21 0.205 7710 0.545 63.38
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90 -
50 (5-3) Sl
70
TR
e Bl
£ 50 - —4—R%50ppm VN & ) ddl O
E 40 - == R 100ppm Wﬁs‘j; UAJM &
%30 - ISR 5 3 5y Bl
30 i Q% 200ppm &ngjf&fv|&4
10
0 (ppm 50 )
1 3 4 5 B 7 B 10
Time (min)
Blue2 ix.2\ ﬁ\;&lseusjgoha:o|‘..§(7—3)d}.»q-
P&!s,lf&,%&wdﬂgﬁbﬂﬂywc\mpppm 100 058 5wl g S s
Time ppm 50 ppm 100 ppm 150 ppm 200
i Abs | %R | Abs %R | Abs %R | Abs | %R
10 0.1770 [30.00 | 0.378 28.41 0.591 22.55 1.291 9.47
20 0.146 | 40.41| 0.318 | 39.78 | 0.522 | 31.58 1150 | 20.36
30 0.127 48.17 | 0.275 47.91 0.430 43 65 1.078 | 24.41
40 0.110 | 5511 | 0.238 | 5493 | 0.346 | 54.66 | 0.965 | 32.33
50 0.090 | 63.27 | 0.203 | 61.56 | 0.326 57.28 | 0.824 | 42.22
60 0.069 | 71.84 | 0.165 | 68.75 | 0.246 | 67.76 0.778 | 45.45
70 0.059 | 75.92 | 0.156 | 70.46 | 0.231 69.73 | 0.644 |54.84
80 0.049 | 80.00| 0.128 75.76 0.193 74.71 0.534 | 62.56
90 0.040 [ 83.68 | 0.108 | 79.55 | 0.160 | 79.04 | 0.432 | 69.71
100 0.028 | 88.58 | 0.082 | 84.47 | 0.128 83.23 | 0.314 | 77.99
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H 50

Blue2 ix.al dIyY1s:ls o u.oLsa-"w\r.;g(S—3)de-?'
J:asdls,lfzq-ﬂe‘_},;“w,bu|y;mh3flbawb.ppm 150 055 5 eud 9 Sl s

Time (min) ppm50 ppm100 ppm150 ppm200
Abs %R Abs %R Abs %R Abs %R
10 0.176 | 46.51 0.241 44.72 0.312 36.33 1.024 27.07
20 0.162 | 50.76 | 0.230 47.24 0.269 451 1.013 27.85
30 0.136 | 58.67 | 0.193 55.74 0.231 52.85 0.918 | 34.62
40 0.108 | 67.18 0.161 63.08 0.202 58.77 0.768 | 45.30
50 0.076 | 76.90 | 0.103 76.37 0.119 75.72 0.732 47.87
60 0.050 | 84.81 | 0.068 84.41 0.097 80.21 0.605 | 56.91
70 0.032 | 90.28 [ 0.045 89.68 0.068 86.13 0.501 64.32
80 0.020 | 93.93 | 0.030 93.12 0.047 90.41 0.413 | 70.59
90 0.011 | 96.66 | 0.023 94.73 0.031 93.68 0.355 74.72
100 0.005 ] 98.49 | 0.015 97.34 0.018 96.33 0.261 81.42

SLa VU o V1 e G dab plasaly 5L ST
(o017 ol 3.2 (5,2l o 9 J 5 Lal)
AL AL eI ) i

Lz S| Sewdseiul il S 5 1-1-2-3
3035 (PPM 200 - 750 100-50) Ll e
dncdl e iy o Ml s 2l 5.5 A olanaYl
 (9-3) J5a 31 S5 o M e AU A A

A5 e g SOV L1 O J gl e Ja
S cad s AN 58 sasly oals 5 s YA oy
BLalda el 1S sl p J s ddiNla s ol
eSO 3y IV el o 550 o5 2SOV
90007 23 LWl ol )l el S 5 e lda s od
Suppra green d.all 2-3
.x_xL:JH_:quAMJ.s:U_giSI\_,_B 1-2-3

Suppra green &l U5 & gl il oobase¥l @3 (3-9) Jodr

25l 8)) o B sk p gl NI o e

f\.xsg,ﬂb.(ppm 50-150-200) S 2

‘ ‘ ppm50 150ppm ppm200
fime (min) - abs %R | Abs %R Abs %R
10 0.378 6.43 0.995 10.60 1.213 19.07
20 0.342 15.34 0.91 18.14 1.095 26.95
30 0.324 19.80 0.883 20.66 0.960 35.95
40 0.316 21.17 0.817 26.59 0.923 38.42
50 0.305 24.50 0.776 30.27 0.91 39.22
60 0.293 27.44 0.722 3513 0.891 40.56
70 0.252 37.62 0.661 40.61 0.860 42.62
80 0.243 39.85 0.627 42.89 0.835 44.29
90 0.231 42.82 0.603 45.82 0.788 47.43
100 0.220 45.54 0.588 47.16 0.722 51.83
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d
—
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60 -
o0 - (6-3) J<li
E‘ 15 & ) Ll
g 30 —4#—R%50ppm g
5 —B—R%150ppm S\ A e e
20 - .. el
R%200ppm M‘uﬁw
10 -
ﬂ 1 1 T 1 1 T 1 1 T 1
1 2 3 4 5 & 7 B8 9 10
Time[min)
Laall s didlez 5515 as 01 (6-3) JKadls(9-3) J gkt e oDl
sy SN S s 1-2-1-2-3 ol 1S 5asl sl s ddIN A

Do)l S 5 re s iSOV S 2-1-2-3

Cd s SN e pPM 50 SLaul s ok SUSW I D2 W GO PR-C N P | L S A
G S el e ide2 1518 NaSO, s acad s i1 2 plaseul o5 3L ¢Sl
- (7-3) Sl (10-3)d50 4 (ppm 150-100-50) adkz 5 s1 54 Na, SO,

Suppra green Mﬁ!ﬂis;&f,dpwwg(w—s)d;.\a
o3V 8)) o dom s p gl e B plsenl, ppM 50 055 5 ud g S s

Time ppm50 ppm100 ppm150 ppm200
(min) .Abs %R Abs %R .Abs %R Abs %R

10 0.370 9.97 0.720 11.00 0.948 14.82 1105 | 15.39
20 0.358 [ 12.89 | 0.685 15.32 0.909 18.32 1.069 | 18.24
30 0.345 | 16.05 | 0.651 19.53 0.881 20.84 | 0.980 | 24.57
40 0.331 19.46 | 0.619 23.48 0.785 29.46 | 0.867 | 32.69
50 0.301 26.76 | 0.570 29.54 0.781 29.82 0.873 | 33.15
60 0.287 30.17 0.531 34.36 0.705 36.65 | 0.795 | 39.12
70 0.280 | 31.87 | 0.495 38.81 0.649 41.68 0.742 | 4318
80 0.247 | 39.90 | 0.469 42.02 0.626 43.75 0.707 | 45.86
90 0.242 411 0.449 | 44.49 0.615 4474 | 0.675 | 48.31
100 0.215 47.68 | 0.415 48.70 0.548 50.76 | 0.623 | 52.29
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60 -
Jsadl
50 -
(7-3)
. ——R%S0EM D15 & 2l Al
E
& == 100ppm UA’”C
& 70 4 R%150ppm e }.SU-’
e 95,200 I
10 4 PP S A s Gl e
oo b
0 - &
T T T T T T T T T 1 CA-J ’}l‘
1 2 3 4 5 &8 7 8 9 10 2975
(Time (min (ppm50 )
Suppra green il di3¥1ssls 5 jolamel o3 (11-3) dor
M!s,\f&?ﬂewﬁl‘ﬁ!ygbhsflmgppm 100 658 5 cud g A s
Time ppm50 ppmM100 ppm150 ppm200
(min) Abs %R Abs %R Abs %R Abs %R
10 0.332 | 14.43 | 0.675 14.66 0.918 | 15.39 1.171 16.41
20 0.311 19.84 | 0.613 22.50 | 0.840 | 22.58 1113 | 20.55
30 0.293 | 24.48 | 0.588 25.66 | 0.802 | 26.08 | 1.016 | 27.48
40 0.287 | 26.03 | 0.579 26.80 | 0.785 | 27.64 | 0.935 | 33.26
50 0.283 | 27.06 | 0.554 29.96 | 0.758 | 30.13 | 0.904 | 35.47
60 0.257 | 33.76 0.511 35.39 0.681 37.23 | 0.820 | 41.47
70 0.250 | 35.56 | 0.470 40.58 | 0.623 | 42.58 | 0.750 | 46.46
80 0.224 | 42.26 | 0.450 43.10 0.597 | 4497 | 0.711 | 49.25
90 0.219 | 43,55 | 0.433 4525 | 0.588 | 45.80 | 0.644 | 54.03
100 0.197 | 49.22 | 0.395 50.06 | 0.522 | 51.88 | 0.611 | 56.38
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Suppra green ai.ald di¥Issls 5 jolamel o3 (12-3) Jsr
o3V 8)) o dom s p gl e B plSuly pPM 150 658 5 el g fSN e

Time ppm50 ppm100 ppmM150 ppm200

(min) Abs %R Abs %R Abs %R Abs %R
10 0.325 | 20.53 | 0.637 20.67 0.855 22.83 1.077 | 22.90
20 0.301 | 26.40 | 0.588 26.77 0.778 29.78 0.958 | 31.42
30 0.287 | 29.82 | 0.549 31.63 0.730 34.1 0.827 | 40.80
40 0.263 | 35.69 [ 0.513 36.11 0.689 37.81 0.807 | 42.23
50 0.255 | 3765 | 0.497 38.10 0.663 40.16 0.789 | 43.52
60 0.249 | 3936 | 0.486 39.47 0.619 44.58 0.763 | 45.38
70 0.242 | 40.83 | 0473 41.09 0.594 46.38 0.713 | 48.96
80 0.235 | 4254 | 0.44 45.08 0.566 48.91 0.685 | 50.96
90 0.221 | 45.96 | 0.386 51.93 0.537 51.53 0.640 | 54.18
100 0.202 | 50.61 | 0.379 52.80 0.509 54.06 0.587 | 57.98

(= ey Al a3 el
el g ddiz S5 b 5l
%r?jl\dj_w‘wr_ﬁsY\upMY\w_é}
ool o Ml caw s (NM 630)
Coddwiwl Laday (18-3) Sl g\ S =S 41y
200-150-100-50) innall oo daliz 5 S1 5
cﬁqm\hsﬂ ooVl Wl 055 (ppm
o A o W & el il ae o5 0 I

(8-3) 25 (13-3) b 3 S

S5 e liay oy ASOVI 38 5 355 e
_e504) 74y Q\_...»\JJJ\
Z\:.l.o.og;_w);:‘_}::.«mljl:_ml\@Z—Z—B
Mulywr\wl{ Sl
: (V_wo.1 Sl
S Al D el S 5 1-2-2-3

Time ppm 50 ppm 150 ppm 200 (3-13) Jsiom
(min) Abs %R | Abs %R Abs %R s MWV‘.H
10 0.337 | 1820 | 1.109 3.64 1.311 2.74 M 1550 :‘-.'.951;
20 0.323 | 21.60 | 1.095 6.74 1.289 4.37
30 0.298 | 27.66 | 1.033 | 1025 | 1265 | 615 Suppra green
40 0.297 | 27.91 | 1.008 | 12.42 | 1.238 8.16 S
50 0.282 | 3155 | 0.981 | 14.76 1.211 1016 | (200-150-ppm50)
60 0.263 | 3616 | 0.923 | 19.80 | 1.185 12.09 i
70 0.261 | 36.65 | 0.892 | 2250 | 1153 | 14.46 O yead placl,
80 0.249 | 3956 | 0.865 | 24.84 | 1130 | 1617 | Zr kb fiw kil
90 0.245 | 40.53 | 0.854 | 25.80 | 1.095 | 18.76 ellay) -
100 0.201 | 51.21 | 0.849 | 26.23 | 1.042 | 2270 )
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60 -
(8-3) i
50 -
B3I s
2 HETERTEN
=
E 30 —4—R%50ppm ool e BN
2 == PR3 150ppm ez S %
20
RIE200PPM ¢ gy g dinall oye
10 1 NG PPLY]
ﬂ T T T T T T T T 1

Time(min)

Lo e o 7SIVI 86 46 ,al il
Y

sy SN S S e 1-2-2-2-3
o= PPM 50 il e izl S5
isall e ddiz 3 s1uNa SO, ey Y|
(9-3) Sy (14-3)d a1 8|S

(8-3) iy (12-3) Jsddtl s by
Oy ireall 58 5ol s N s O
SCNAPRN|
b A Al te S SISt 2-2-2-3
I PO I E1 [ SO WO PN
17 Na,50, (e azd 5 701 Il ol
a_a;;)_:sbs@(ppm 150-100-50) ial

Suppra green el AIYI LS 5 olanel vd (14-3) d g
,;:'Jlajfa?yg&;ww.);w!y@,bsrlmp PPM 50 655 5 ol g S s

Time ppm50 ppm100 ppm150 ppm200

(min) .Abs %R .Abs %R .Abs %R Abs %R
10 0.351 2217 | 0.749 9.75 1.095 6.74 1.424 | 4.30
20 0.279 | 3813 | 0.688 17.10 0.988 14.81 1.301 | 12.56
30 0.268 | 40.57 | 0.675 18.67 | 0.969 15.81 1.265 | 14.98
40 0.254 | 43.68 | 0.613 26.14 | 0.950 17.46 1.224 | 17.74
50 0.247 | 45.23 | 0.560 32.53 0.891 22.58 1.211 18.61
60 0.241 | 46.56 | 0.548 33.97 | 0.870 24.41 1126 | 24.32
70 0.233 | 48.33 | 0.537 35.30 | 0.855 25.71 1120 | 24.73
80 0.225 | 50.11 | 0.509 38.67 | 0.843 | 26.75 1114 25.13
90 0.218 | 51.66 | 0.489 41.08 0.837 27.28 1110 | 25.40
100 0.21 53.21 0.477 4254 | 0.832 27.71 1102 | 25.49
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60

(9-3) Sl
30 A BV Cr:.ox
o ) e oy
®
F e R 5 0p R &“)J‘ & ‘UU?U
= 30
g == R%100ppm Z.G.l:s'-ﬂS\ju
& .s
20 A R%150ppm M‘C)“‘
10 - === R3:200ppm qu};}s"
o g AN oy
ﬂ T T T T T T T T T 1
1 2 3 4 5 6 7 8 9 10 (ppms0)
Time [min}
Suppra green Zxwall U151 3. oPbasl o3 (15-3) g
318 o o 5y o uedilindl g B plSenls ppm 100 658 5 el g SN e
Time ppm50 ppm100 ppm150 ppm200
(min) Abs | %R | Abs | %R | .Abs | %R | .Abs | %R
10 0.309 | 25.00 | 0.622 | 23.49 | 0.999 | 10.00 | 1.344 | 3.30
20 0.292 | 2912 | 0.578 | 28.90 | 0.825 | 25.67 | 1.148 | 17.41
30 0.258 | 3737 | 0.530 | 34.80 | 0.763 | 31.26 | 0.974 | 29.92
40 0.248 | 39.80| 0.504 | 38.00 | 0.715 | 35.58 | 0.958 | 31.07
50 0.220 |46.60| 0.458 | 43.66 | 0.634 | 42.88 | 0.848 | 38.99
60 0.212 | 48.54 | 0.423 | 4797 | 0.609 | 4513 | 0.829 |[40.35
70 0.185 | 55.09 | 0.371 | 54.36 | 0.530 | 52.25 | 0.739 | 46.83
80 0.175 | 57.52 | 0.351 | 56.82 | 0.524 | 52.79 | 0.692 | 50.21
90 0.167 |[59.46 | 0.337 | 58.54 | 0.495 | 55.40 | 0.669 | 51.87
100 0142 | 6553 | 0.292 | 64.08 | 0.444 | 60.00 | 0.611 |56.04
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Suppra green Bl D138 5 poliamel o3 (16-3) Jgur

p&ls)fa?fg&wwbw!y@?hzrlbwpppm 150 658 5 el 9 f S e

T ppm 50 ppm 100 ppm 150 ppm 200

(min) Abs %R Abs %R Abs %R Abs %R
10 0.286 [ 29.20 | 0.576 27.54 0.800 27.52 1.134 221
20 0.257 | 36.38 | 0.553 30.44 0.788 28.68 1.112 23.62
30 0.246 | 39.10 | 0.485 38.99 0.675 38.91 0.898 | 38.32
40 0.198 | 50.99 | 0.432 45.66 0.603 | 4542 | 0.880 | 39.56
50 0.192 52.47 0.421 47.04 0.542 50.95 0.774 | 46.89
60 0.169 | 58.16 | 0.349 56.10 0.493 55.38 0.670 | 53.98
70 0.133 | 67.07 | 0.308 61.25 0.431 60.99 0.593 | 59.27
80 0.126 | 68.81 | 0.273 65.66 0.393 64.43 0.529 | 63.66
90 0.107 73.51 0.233 70.69 0.343 68.95 0.503 | 65.45
100 0.092 | 77.22 0.211 73.45 0.328 70.31 0.488 | 66.48
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Fe ——>» Fe*® +3e-
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Electorochemical Cell Reactor

) 8 ibesS 5 o0l eelid] Jadasedl (70-3) IS

= Sl el s V1 e iy 3l Al
o= el Sldas 5,0l D] Sy dg !

P PRV NN W [P P U2 S 2
ubwsyjd\‘_&\u_».x_,j@bﬂ.ﬁ\dbd\
@MJWH\L@@@WWJ@?&\L}
NUPPN I P ST SR L WL T WP |
31355 d ol oo 5 5SSOV 58 5855
L:QS&&’} :\;}.uu.\ ‘)L::.H ERY ‘_}_ZSZ_ULEL\)
. QZ))‘JJ—? dj—U‘ :\_“Jb QJ_xl‘ J.:_MS})J:A U_'°
OlnS gy Lo Cl_ﬁo‘}l\ Ol el ga
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el 1S 5ol aa I LoV oly o e
(OAall ldnS 5 5dn) LEUN sl i s Ol
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Anode Fe (s) =2 Fe @agp 2 3
Fe (aq) + 20H (aq) 9 FC(OH)z[S)

Cathode: 2H,0 g +2e > H_ () + 20H (o)
Overall: Fe() + 2H Og) = Fe(OH), ¢ + H )
Anode:

AI(S) —> A+ 3e-

AI+3(aq)+30H_(aq) —> Al (OH)3(S)
Cathode:

E’>e+3HZO(| —_ OH o) +3H

AI +3H20(I AI(OH) +3H

ls NI IS e EC Jas Tus (g5 by

L iae DUl LY jetne JSC8 Ldua
ot | OS50 A 5 (3 5] el e
Al(OH)) p 5 A1 oS 5 5dn 5 (FR(OH)N)
(AJlu iy & et 83le) ol | 58 55(N
& St 3 e L3l 0y 15
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S e il s o 5l O USSU (ppm
Ldeadl s fe NS su > L8%e 5 45 Clael
S s s U i I LY 5 L
JaYI 5 K Jeladl e o Juns cslb A 5L
O (48-3) J gt (68-3) 1 (58-3) -
0 5o el K Jelidl e duns ool o3

c e 5 SOV e s e 2SI

el 15 A1 Zul )l 5-3
ideny olanall L) 48~ dulys ot
o 3 LY M idslas I (0 (EC)
e A e bl S A 51 ol o 5%
LI ppm 50 S 6wl il s olaual)
ols Goas AUUS 5 o5 ASU1 0 s oaa]l
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Time (min)
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& PPM 50 55 A& - 15 E
KPR -2
L .25
Time (min)
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- -05 s s
y = -0.0593x - 0.8947 Bl Suppra ix.2ll
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:SS HB -2
(14—3)‘)1."& : ' ' ' ' I T T 0
10 E 8 G 5 4 3 2 1
WSl - -0.
Blue.2 ix.all
- -1
50ppm J;Sj.o ‘gk-/_4
s AN o =
y=-0.067x- 0.8587
2 -2
RT=03336 Time (min)
T T T T T T T T T 0] (1 5—3)Jﬁ
10 a 8 7 5 5 4 3 2 1 . .
- -0.5 is o~ ]
e 4 & Suppra ix.all
7,.4=— - — s xS A green
v =-0.0483x- 1.0293 5 094 50ppmM
R*=0.9288 Time (min) s".«-Jjj.QY‘
Al pldl 48 Slial) Kids ol el 0od Joy (17-3) ot
Q}J&Y|@j@jﬂ‘b;.’gﬁd a3 9S5S.718 &f\b&wb
SS.18 i
dedit ol ol 581 050 K min 5 SOV e K min’
1 Blue.2 0.067 0.138
2 Suppra green 0.048 0.049
Al s
1 Blue.?2 0.076 0.095
2 Suppra green 0.0590 0.0593

(,_:;@u,uﬂqj;\ﬁw\sﬂﬁmﬁkywuﬁdmcﬁmwﬂ&\yc_@”




ol b (o dudadl Sléuall go gaed dijl

TRV EVE-STTRV.CY B @Jg@lqblm 2000 i, LU0l 2l déyyny Glglas

H 60

7- Perng, Yuan-Shing, and Ha Manh Bui.
“Decolorization of Reactive Red 195
solution by electrocoagulation process.”
Journal of Vietnamese Environment 5.1
(2014): 22 - 26.

8- Ghanbari, Farshid, et al.
“Electrocoagulation/flotation of
textile wastewater with simultaneous
application of aluminum and iron as
anode.” Environmental Processes 1.4
(2014): 447 - 457.

9- N Malinovic, Borislav, and Miomir G

reactive

Pavlovic. “Decolorization of

violet 5 dye in textile wastewater

by electrocoagulation.” Journal of
ElectrochemicalScienceand Engineering
6.1 (2016): 67 - 75.

10- Nandi, Barun Kumar, and Sunil Patel.
“Effects

on the

of operational parameters

removal of brilliant green

dye from aqueous solutions by
electrocoagulation.” Arabian Journal of
Chemistry 10 (2017): S2961 - S2968

11- Belayachi-Haddad Amel , Benderdouche
Nouredine,BestaniBenaoudaandDuclaux
Laurent . ”* Synthetic textile wastewater
treatment: removal of Nylosan (N-2RBL)
dye by electrocoagulation™,Desalination
and Water Treatment, No.63 , Vol.7886-
2017 ,.

12- Getaye, M., et al. "Removal of Malachite
Green from Contaminated Water using
Electro-Coagulation Technique.” | Anal

Pharm Res 6.4 (2017): 00184.

JoLowlJl

1-Nassaar,N.N,Marei,N,N,Vitale,G.and
Arar, L. A(2015), "Adsorptiva removal
of dyes from synthetic and real textile
wastewatr using magnetic iron oxide
nanoparticles:-Thermodynamic and
mechanistic insights™ Canadian Journal
of chemical Engineering ,93(11),pp: 1965
- 1974 .

2- Can” izares P, Carmona M., Lobato |,
Martinez F. & Rodrigo M.A. “Electro
dissolution of aluminum electrodes

in electrocoagulation processes™
Industrial Engineering Chemical Reserch
, Vol.44 | (2005) 4178 - 4185 .

3- Daneshvar N., Oladegaragoze A. &
Djafarzadeh N."

dye solutions by electrocoagulation: an

Decolorization of basic

investigation of the effect of operational
parameters.” Journal of Hazardous
Materials, ,Vol. 129,(2006)116 - 122.

4- Do, J-S., and M-L. Chen. "Decolourization
of dye-containing solutions by
electrocoagulation.” Journal of Applied
Electrochemistry 24.8 (1994): 785 -790 .

5-Islam,SMNazrul,etal."Electrocoagulation
(EC) technique for color removal from
orange Il dye.” Bangladesh Journal of
Environmental Research 9 (2011):45-52.

6- ghali Attia, Hadi. “Decolorization of direct
blue dye by electrocoagulation process.”
Journal of Engineering and Sustainable
Development 17.1 (2013): 171 - 181.



61 H

ausl el dooladl - dupUl duls - dolellg dugy il Oluwljal dloo
02020 iWI ygils - elya sl - JoUl sla ol -y due guolslssoll

19- Andrade M. "Heavy metal removal from
bilge water by electrocoagulation
treatment™ M.Sc. Thesis, University of
New Orleans. (2009).

20- Behbahani M., Moghaddam A. & Arami
M., *Comparison Between Aluminum
and Iron Electrodes on Removal of

Phosphate from Aqueous Solutions

by Electrocoagulation  Process”
International Journal of Environmental
Research, Vol.5, No.2, ( 2011) 403 - 412.

21-Parsa].B., Vahidian H.R., Soleymani A.R
& Abbasi M.,

in agueous media by electrocoagulation:

*Removal of Acid Brown 14

Optimization parametersand minimizing
of energy consumption™ , Desalination
,(2011) 295-302.

22- Dash, Barada Prasanna, and Sanjeev
Chaudhari. “Electrochemical denitrificaton
of simulated ground water.” Water
Research 39.17 (2005): 4065 - 4072.

23- Ghalwa, Nasser M. Abu, Alaa M. Sager,
and Nader B. Farhat. "Removal of Reactive
Red 24 dye by clean electrocoagulation

iron and aluminum

process using

electrodes.” Journal of Chemical
Engineering & Process Technology 7

(2016): 2157 - 7048..

13- Duan, Xiaoxue, et al. "Application of
Modified Electrocoagulation for Efficient
Color Removal from Synthetic Methylene
Blue Wastewater.” Int. |. Electrochem.
Sci 13 (2018): 5575 - 5588.

14- Chen, Xueming, Guohua Chen, and Po
Lock Yue. “Separation of pollutants

from  restaurant  wastewater by

electrocoagulation.” and
purification technology 19.1:(2000) 2-
76-65.

15- Charoenlarp, Khanittha, and Wichan
Choyphan. "Reuse of dye wastewater
with

Asian

Separation

through colour removal

electrocoagulation  process.”
Journal on Energy and Environment 10.4
(2009): 250 - 60

16- L. Benazzi Toni , Di

M. Dallago Rogério ,

Luccio Marco ,
Steffens Juliana ,
Mores Rubia , Do Nascimento Mariele

S. ., Krebs Jociane and Ceni Gustavo .

Continuousflow electrocoagulation in

the treatment of wastewater from dairy

industries ", Water Science & Technology

,No.6,Vol.73, 2016 68. Kumar
17- Krishna , Sahu Omprakash . " Removal

of Dye by Electrocoagulation Method

Journal of Babylon University/

Engineering Sciences,No.2,Vol.22,2014
18- Nwabanne Joseph T, Obi Christopher

C " Abattoir Wastewater Treatment by

Electrocoagulation Using Iron Electrodes

" Der Chemica Sinica, 2017, 8(2): 254 -

260.






