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ABSTRACT

This study was performed to investigate the characterization, water quality index, correlation, linear regression
analysis and assessment of irrigation quality of leather processing industrial effluent discharged from the industry
located at west of Madurai near Dindigul, Tamilnadu, India. Further the treatment study by electrocoagulation was
carried out with and without adsorbents viz, Commercial Activated Carbon (CAC), Multi Walled Carbon
Nanotubes (MWCNTS) and Graphene (GR). Most of the water quality parameters (WQPs) of effluent were found to
be higher than the limit prescribed by Bureau of Indian Sandards (BIS) for the discharge of industrial effluent. The

decrease in values of Total Dissolved Solids (TDS), both anions and cations were higher in the case of EC with GR
and MWCNTs than CAC.
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INTRODUCTION

The use of leather goes back to the pre-histom@gsi The principal raw material is the hide or skfranimals
including that of reptiles, fish and birds. Thertary operation involves converting the raw skihjghly putrescible
material, into leather, a stable material, which && used in the manufacture of a wide range oflymis. The
whole process involves a sequence of complex ctaméactions and mechanical processes. Performanigus
steps of pre- and post-treatment, generates a fiirmduct with specific properties: stability, appeae, water
resistance, temperature resistance, elasticitypanaeability for perspiration and agétc [1-4].

Leather is an intermediate industrial product, withmerous applications in down-stream sectors @fcdnsumer
products industry. For the latter, leather is ofthe major material input and is cut and assembitnl shoes,
clothing, leather goods, furniture and many othems of daily use. The tanning of hides and skiss generates
other by-products, which find outlets in severadlustrial sectors such as-dog biscuits and othemalnfood

production, fine chemicals including photographyl awsmetics, soil conditioning and fertilizers. Timcess of
making leather has always been associated withradaliwater pollution [5].

A considerable potential impact of tanning and eisded activities on air, surface and ground wateil,and other
natural resources arises from the chemicals appire raw materials used, the effluents, wastes aifigases
release generated in the process. Therefore, osifor pollution control, waste generation anspdisal, chemical
safety, accidents, raw material/ water/ energy gomion are essential [6-9].
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Volume of wastewater (effluent) and its charactassvary from tannery to tannery. They may alsp/waithin the
same tannery from time to time. The wastewater fomam house procesi. soaking, liming, delimingetc., are
highly alkaline, containing decomposing organic terathair, lime, sulphide and organic nitrogen wiigh BOD
and COD. The wastewater from tan yard proagss pickling, chrome tanning are acidic and colourgtfluent
from vegetable tanning contains high organic maifthe chrome tanning wastes contain high amountfi@mium
mostly in the trivalent form [10,11]. The coloredistewaters released into the ecosystem from leptbeessing
industries are toxic and even mutagenic towardsdiwrganisms in aquatic environment. Although ¢hare many
treatments techniques are available to reduceetred bf pollutants in tannery effluents among the@ is one of
the best method. The detailed survey of literasitn@ws that only few works have been carried outguEiC process
[12-15].

In this connection the present study focused on dharacterization, water quality index, correlatidimear
regression analysis, assessment of irrigation fyuahd treatment by EC using adsorbents of leagphecessing
industrial effluent discharged from the industrgdted at west of Madurai near Dindigul, Tamilnaddja.

EXPERIMENTAL SECTION

Chemicals and Regents

The adsorbent materials CAC and MWCNTs were puethdsom Sigma-Aldrich Chemicals used without any
further purification. GR was synthesized by the ified Hummer’s method. All the other chemicals andgents
used in the studies are analytical grade and usegcaived.

Leather Processing I ndustrial Effluent Sampling Procedure

The leather processing industrial effluent sampdesthis study were collected from industry locatdwest of

Madurai near Dindigul, Tamilnadu, India. The sagsphave been collected bimonthly over a periodnef year in

a 2L polythene can. The sampling of effluents atsd characterisation were carried out as per thehadet
recommended by BIS and APHA and methods are ragpantditerature [10,11]. The values of physico-cleah

characteristics of leather processing industridiefit are shown in Table 1.

Electrocoagulation (EC) Treatment Studies of Leather Processing Effluent

The electrochemical cell consisted of two mono pakectrodes, one mechanically polished cathodeaytmid
ohmic over potential) and another anaflg, iron (mild steel-MS) and aluminium, respectively. Btlle electrodes
are purchased from the local market (purity: Al .39, Fe = 99%). The dimension of iron electrode an
aluminium (anode) electrode is 10.4cmx2.5cmx0.6acheThe spacing between the electrodes was magatait
2.8cm. The electrodes are connected to a DC powmglys (120V, 20A). About 100mL of well-mixed, scres,
homogeneous industrial effluent was taken in thesiticate electrochemical cell. The temperatureéhef effluent
before EC was noted to be 30. The temperature was maintained throughout E@igtien 1 -C). For efficient
electrochemical coagulation, 30V DC was passedutiticdhe electrodes throughout the EC process inget
constant current density of 125KmThe experimental set-up with laboratory prototypactor is schematically
shown in Figure 1. The whole set-up was placed oragnetic stirrer and the sample under study whjgsied to
constant stirring in order to avoid concentratioareropotential. The WQPs of effluent have been aelyafter
15minutes. Similar EC experiments were carrieditite presence of CAC, MWCNTs and GR with constslotwv
stirring to facilitate effective electrocoagulatioifter each EC process the effluent was filtetedigh Whatman
42 filter paper and analyzed for various water ifyplarameters.

Al (Anode) MS (Cathode)

Voltage Display

0004

Current Display

|- Industrial Effluent
,,,,,,,,,,,,,,,,,,,,,, Magnetic Pellet

Thermo Regulator Stirring Regulator

Magnetic Stirrer

Figure 1. Schematic diagram of experimental set-up for EC process

Characterization studies
The surface morphology of the adsorbents was ilgagstl by scanning electron microscope (model: 1420 ).
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RESULTSAND DISCUSSION

Characterization of leather processing industrial effluent
The physico-chemical characteristics of the leatm@rcessing effluent is presented in Tables 1. Siadistical
values such as minimum (min) and maximum and aee(agean) for the effluent is given in Table 2. TNQPs
determined for leather processing effluent are aregb with tolerance limits of BIS for both drinkinvgater and
industrial effluent discharge on land for irrigatifL6-21].

Table 1 Water Quality Parameters of leather processing industrial effluent

T pH K TDS TSS THA HAT HAP CI sS04 Na° K' ca® Mg® BOD cCOD cCr®*
27.6 111 4435 7430 842 786 485 301 2876 1420 3290 1550 455 238 1418 1201
283 119 4963 6655 726 1152 696 456 2259 1245 3681 602 384 296 1247 14.26
29.1 121 6115 8428 668 1007 599 408 2662 1362 3885 518 506 220 1568 13.24
28.4 123 7064 7226 794 886 474 412 3068 1168 4298 1480 493 208 1019 16.25
29.3 126 6012 7048 565 1259 696 563 2969 1056 4032 465 418 261 1622 12.56
299 12 8021 7817 614 1451 829 622 2204 1496 4106 1888 524 286 1784 135
30.1 11.8 4750 6913 714 1317 775 542 2213 1520 3689 614 507 193 1017 14.75
30.3 125 6627 7005 793 1001 554 447 2455 1462 3432 469 525 214 992  14.15
28.7 109 6945 7118 701 1224 673 551 2688 1487 4085 583 494 188 1066 13.85
283 116 5003 7655 771 @ 947 536 411 2002 1367 41%8 1500 456 261 1602 11.05
294 121 6512 8135 838 874 446 428 1998 1114 3789 1562 487 221 1372 155
29.7 10.6 5796 7324 871 1442 829 613 3367 1176 33688 488 519 203 1022 14.65
286 109 5542 6560 812 1130 568 562 2456 1209 3369 462 529 269 1267 139
279 107 5852 6016 742 943 442 501 2551 1358 3182 1492 481 251 1658 12.85
27.7 118 7967 8000 688 868 470 398 2868 1622 3083 1518 397 213 1091 1355
288 10.1 6565 6858 715 1359 874 485 2383 1456 3208 502 466 201 1885 13.05
29.3 109 7114 7445 748 1245 802 443 2262 1372 2989 533 419 217 1465 13.65
29.4 121 5205 7056 655 1295 880 415 1988 1241 4288 511 508 209 1352 1238
299 112 6116 7815 815 1013 629 384 2204 1330 3882 542 507 242 1728 13.15
30.1 11 4801 8318 603 1333 631 702 2692 1224 4040 1803 459 200 1342 14
28.6 10.7 4226 6966 724 1402 834 568 2268 1555 3692 472 429 194 1118 14.05
29.4 113 5416 8254 808 1348 854 494 2687 1429 3484 448 487 213 1009 14.85
283 118 6613 8009 829 1423 839 584 3003 1059 3122 498 429 238 1332 15.65
29.1 109 6022 7857 656 1098 596 502 2568 1274 4088 518 501 219 1502 13.95

Units: Tin °C, K in gamho/cm. and remaining parameters except pH arein mg/L.

Table2 Statistical Data of leather processing industrial effluent

WQPs N Range Minimum Maximum  Sum Mean
T 24 270 27.60 30.30 696.20 29.0083
pH 24 250 10.10 12.60 27490 11.4542
K 24 3795.0C 4226.00 8021.00 143682.00(5986.7500
TDS 242412.0C 6016.00 8428.00 177908.0(7412.8333
TSS 24 306.00 565.00 871.00 17692.00 737.1667
THA 24 665.00 786.00 1451.00 27803.001158.4583
HAT 24 438.00 442.00 880.00 16011.00 667.1250
HAP 24 401.00 301.00 702.00 11792.00 491.3333
ClI 241379.0C 1988.00 3367.00 60691.002528.7917
SQ* 24 566.00 1056.00 1622.00 32002.00 1333.4167
Na" 24 124.00 298.00 422.00 8813.00 367.2083
K" 24 109.00 139.00 248.00 4420.00 184.1667
Ce" 24 166.00 448.00 614.00 12318.00 513.2500
Mg®* 24 145.00 384.00 529.00 11380.00 474.1667
BOD 24 108.00 188.00 296.00 5455.00 227.2917
COD 24 893.00 992.00 1885.00 32478.001353.2500
Cr* 24 5.20 11.05 16.25 331.22 13.8008

Comparison of WQPs of leather processing effluent with Bl S tolerance limit

The value of mean temperature of leather processidgstrial effluent is 29.0C. The range (min - max) of
temperature of the effluent is 27.60 — 36@30 The average temperature of the effluent is dotenbe ambient and
almost equal to the room temperature observed @mlaly of collection of the samples. Hence, thuefit is not
polluted thermally. The mean pH value of leathexcgssing industrial effluent is 11.4. The min-nmarge of pH
of the effluent are 10.1 — 12.6. The pH valuesahy large, exceeded the permissible limit presdriby BIS.
Therefore, the effluent must be treated beforehdisge into natural water bodies or on land. Theage value of
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specific conductance of leather processing indalstffluent is 5987umhoch The range of specific conductance
value of the effluent is 4226-8021 pmhotas against the tolerance level of 3000 umhbcifihe extremely high
values of specific conductance were found in tHieiefit. The average value of TDS and TSS in legphecessing
industrial effluent are 7413 and 737mg/L respedyivd he min — max range for TDS and TSS in leafirecessing
industrial effluent are 1441 — 2261 mg/l 2 times) and 565-8711(.5 times) respectively. It is concluded that the
effluent is highly polluted form specific conductan TDS and TSS studies. Therefore, proper effltreatment is
required in order to bring down the values of sfi@conductance, TDS and TSS before discharge.

The average values of THA, HAT and HAP of leatheycpssing industrial effluent are 1158, 667 andn4@1,
respectively. The min — max range of THA, HAT andfHvalues of effluent are 786-1451 2 times), 442-880 and
301-702 respectively. The percentage of averageesadf temporary hardness and permanent hardregsectively
to that of total hardness are 58 and 42. From #rdriess studies of leather processing industsyfitund that the
effluent is highly polluted. Hence treatment becemeandatory before the discharge of the same iméaeby
water systems.

The average value and range of chloride and sdpbrasent in leather processing industrial effliast 2529 and
1333mg/L and 1988-3367 and 1056-1622mg/L respdgtiv€éhe mean values of chloride and sulphate fluerft
indicate that they are above the discharge limi#spribed by BIS and hence they may be dischargéd afiter
proper effluent treatment. The average valuesodiusn and potassium ions in the leather processidgstrial
effluent are 367 and 184mg/L respectively. Thegeaaf sodium and potassium ions in the same aret298nd
139-248 mg/L respectively. The values obtainedstitium and potassium ions of effluent are founde@bove the
tolerance limit of effluent discharge prescribedBi. The range of permissible limits by BIS foetpresence of
Cc&* and Md" ions in drinking water are 75 - 200 mg/L and 350 mg/L, respectively. The average values 6f Ca
and Md" ions of leather processing industrial effluent 88 and 474mg/L respectively. The min-max range of
Ccd&" and Md@" ions in the effluent are 448-614 and 384-529me#pectively. The average values of Gand M@"
ions of the leather effluents are exceeded theaote limit prescribed by BIS and hence it mustrbated before
letting out from the industries.

The average values of BOD and COD of leather psiggsndustrial effluent are 227 and 1352mg/L resipely.
The min-max ranges of BOD and COD in the effluaet B88-296 and 992-1885mg/L respectively. The B@D a
COD of the leather effluent exceeded the tolerdimi prescribed by BIS and indicate a high loadoofanic as
well as some inorganic substances and highly malutature of the effluent sample. Hence, the efffius to be
discharged only after proper treatment to redueestiues of BOD and COD.

The mean values and min - max range df @mn in leather processing effluent 14mg/L and $125mg/L. The
sample contain Gf ion above the prescribed limit of BIS (2.0 mg/lydahence treatment of effluent becomes
essential in order to reduce the level of'Gon before its discharge [16-21].

Figure 2 gives a judicious comparison of the m&§pPs of leather processing industrial effluent (TDSS, THA,
cd*, Mg®*, Na', CI, SO, BOD and COD) with BIS tolerance limits for indriat effluent discharged on land for
irrigation [16-21].

8000

I BIS limit - on land for irrigation
7000+ I L eather processing effluent

6000

5000

mg/L

3000

2000

1000+

Z y 3 5 N oS
FEIE G S o oSS
Water Quality Parameters

Fig. 4.13 Comparison of WQPs of leather processing industrial effluent with BIS Limit
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Calculation of Water Quality Index (WQI) of leather processing industrial effluent

The mean WQI value indicates that the effluentoistaminated approximately six times above the pitesd limit
which indicates that the effluent is highly polldteith a heavy load of various pollutants. Therefdhe treatment
becomes vital [18-21].

Correlation analysis of WQPs of leather processing industrial effluent

The water quality data (24 in numbers for the mmpeffluent, which were collected fortnightly farperiod of one
year; i.e., 24 observations) is presented in TaMas used for correlation analysis. One of thramaters i.e., i’ is
chosen as x (independent variable) and other o y (dependent variable) [9-15]. The correlatim-efficients
(r values) between each pair of the 24 WQPs amulzabd and are presented in the form of correlatm-efficient
matrix in Table 3.

Table 3 Correlation Coefficient Matrix of leather processing industrial effluent

T pH K TDS TSS THA HAT HAP CI SO Na° K*' Ca* Mg® BOD COD Cr®
T 1
pH 0182 1
EC 00300219 1
TDS 0.235 0.204 0.211 1
TSS -0.193-0.194-0.097-0.044 1
THA 0.442 -0.248-0.078-0.020-0.273 1
HAT 0.375 -0.205-0.089-0.007-0.172 0.917 1
HAP 0.387 -0.226-0.030-0.033-0.335 0.763 0.442 1
CI -0.224-0.056 0.163 0.108 0.133 0.036 -0.0790.210 1
SO -0.063-0.244 0.082 -0.059-0.129-0.036 0.058 -0.175-0.258 1
Na' 0.308 0.337 -0.149 0.130 -0.392 0.011 -0.080 0.156 -0.243-0.254 1
K* -0.040-0.083-0.182-0.381-0.211 0.147 0.308 -0.169 -.066 -0.158 0.092 1
C&' -0.0330.019 -0.105-0.038 0.001 -0.179-0.094 -0.250-0.306 0.147 -0.036-0.075 1
Mg® 0.517 -0.018 0.068 0.000 0.172 0.030 -0.020 0.100 -0.087 0.009 0.392 -0.193-0.163 1
BOD -0.228 0.261 0.029 -0.172-0.048-0.144-0.167-0.054-0.191-0.265 0.118 -0.080-0.051-0.174 1
COD -0.041-0.159 0.134 0.039 -0.322-0.033 0.010 -0.091-0.324-0.102 0.072 0.236 -0.049-0.031 0.455 1
Cr** 0.211 0.160 0.229 0.150 0.310 0.205 0.107 0.288 0.282 -0.281-0.058-0.434 0.029 0.117 -0.310-0.584 1

2000 - y=1.272x + 309.8
X axis : HAT r=0.917
1500 - Y axis : THA
L g
1000 -
500 -
0 T T T T T T 1

300 400 500 600 700 800 900 1000

Figure 3. Correlation between HAT and THA

The minimum and maximum values for both positive aegative correlations as well as for total catiehs for
leather processing effluent are given in Table ke Tinimum and maximum values of correlation cacifhts for
leather processing effluent are -0.392 (betweeh -NESS) and 0.917 (between HAT - THA), respectivelfjhe
studies shows that only a few WQPs 0.763 (betwedR HTHA) and 0.517 (between Nig- T) are positively
correlated with ‘r’ value (>0.5), while most of tNeQPs are either correlated positively with lowvelue (<0.5) or
negatively correlated, which are highly insignifit@nd only the positive correlations were foundbéostatistically
significant.
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Table4 Correlation co-efficient range of WQPs of leather processing effluent

Sample For total correlation For podtive correlation For negative correlation
Min M ax Min Max Min M ax
L eather processing —-0.392 0.917 0.010 0.917 —-0.392 —0.007
effluent (Na' — TSS) (HAT — THA) (COD — HAT (HAT —THA)| (Na' -TS§ (HAT — TDS)

Linear Regression (LR) studies of leather processing effluent

A few statistically significant LR equations for ethleather processing effluent are given below ane t
corresponding graph is given in Figure 3. The WQ@RuWated using LR equations for the leather prsiogs
effluent are given in Table 4 and Table 5.

Table4. Linear Regression Values of leather processing effluent

X Y r? R M C
HAT THA 0.8418 0.917497 1.2721 309.8
HAP  THA 0.5817 0.762693 1.7195 313.63

THA = 1.272HAT + 310 (r=0.9175); HAP = 0.009%A + 25(r =0.7627)
Table5. Linear Regression Study of leather processing effluent (HAT vs THA)

y =1.2721x + 309.8; r = 0.9175

S.No THA HAT THAca

1. 786 485 926.7685
2. 1152 696 1195.182
3. 1007 599 1071.788
4. 886 474 912.7754
5. 1259 696 1195.182
6. 1451 829 1364.371
7. 1317 775 1295.678
8. 1001 554 1014.543
9. 1224 673 1165.923
10. 947 536 991.6456
11. 874 446 877.1566

12. 1442 829 1364.371
13. 1130 568 1032.353
14. 943 442 872.0682
15. 868 470 907.687
16. 1359 874 1421.615
17. 1245 802 1330.024
18. 1295 880 1429.248
19. 1013 629 1109.951
20. 1333 631 1112.495
21. 1402 834 1370.731
22. 1348 854 1396.173
23. 1423 839 1377.092
24. 1098 596 1067.972

Assessing leather processing industrial effluent quality for irrigation needs

The minimum, maximum and average values of sodibisoiption ratio (SAR., SAR,x and SAR,), percent
sodium (PSin, PShax @nd PQ), Kelly’s ratio (KRyin, KRmax and KR,) and magnesium ratio (Mg, MRyaxand
MRay) [23-27] for leather processing efflueare calculated using equations 1 to 4. The statumy industrial
effluents for irrigation is given in Table 6. Theality of leather processing effluent for irrigatics given in Table
7.

SAR  =Nd/[(C&* +Mg®) 12 T* (1)

PS =100 [ (Na+ K"/ (C&" + Mg? + Na + K*) ] )
KR =[Na"/ (C&" + Mg™) ] 3)
MR  =100[Md"/(C&" + Mg ] (4)
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Table6. Valuesof SAR, PS, KR and MR of industrial effluentsand its statusfor irrigation

Ratio Statusfor irrigation

SAR 0 to 10 = Excellent
10 to 18 = Good
18 to 28 = Fair
Above 28 = Poor

PS Less than 50

KR Less than 1

MR Less than 50

Table 7. Quality of leather processing industrial effluent for irrigation

Parameter/ ratio L eather processing industrial effluent (mg/L)

(mg/L) Min max Mean Statusfor irrigation

Na* 298 422 367

K* 139 248 184

ca' 448 614 513
Mg** 384 529 474
SAR 16.5 Good

PS 35.8 Fair

KR 0.37 Fair

MR --- --- 48.02 Fair

Based on the SAR, PS, KR and MR results the legthecessing industrial effluent is suitable forigation.
However, the higher values of other WQPs of efftuadicate that it may be useful for irrigation prafter proper
treatment.

Electrocoagulation treatment studies of leather processing industrial effluent

The physico-chemical characteristics of leathercgssing industrial effluent were found to be higtiwain the

tolerance limit for the discharge of industrialleéint prescribed by BIS. This indicates that thetHer processing
industrial effluent could be discharged only afeoper effluent treatment. Hence, treatment by Edtgsses has
been carryout on leather processing industrialiefft to evaluate the percentage removal of vaié@ss with and

without adsorbents namely CAC, MWCNTSs and GR.

Optimization of adsorbentsfor EC processes

The optimization of dose of adsorbents (CAC, MWCNifsl GR) for EC studies of leather processing effliwas
determined by measuring TDS (in mLand the results indicate that the optimum doseCfaC, MWCNTSs and
GR are 2g, 150mg and 150mg respectively.

Removal of WQPs of leather processing effluent before and after EC processes
The physico-chemical WQPs of leather processinglustrial effluent before and after EC with and with
adsorbents in presence of iron cathode (MS) andialum anode is given in Table 8.

Table 8. Characteristics of leather processing industrial effluent before and after EC with and without adsorbentsin presence of iron and
aluminium electrodes

Water Quality Parameters Values
S.No | WQPs | Before After EC
EC Without adsor bent With CAC With MWCNTs With GR

1 Colour | Black Light black Almost colourless  Almastlourless| Almost colourless
2 pH 11.8 8.7 (26) 8.2 (31) 7.8 (34) 7.9 (33)
3 K 6613 1652 (75) 556 (92) 432 (93) 385 (94)
4 TDS 8009 945 (88) 768 (90) 535 (93) 535 (93)
5 TSS 829 410 (51) 365 (56) 320 (61) 305 (63)
6 Na 312 168 (46) 134 (57) 117 (63) 105 (66)
7 K 172 52 (70) 32 (81) 28 (84) 22 (87)
8 ca’ 498 225 (55) 175 (65) 143 (71) 162 (67)
9 Mg* 429 189 (56) 135 (69) 105 (76) 112 (74)
10 Cl 3003 750 (75) 460 (85) 362 (88) 382 (87)
11 SQ* 1059 424 (60) 320 (70) 310 (71) 305 (71)

Units: K in gmho/cm and remaining parameters except pH arein mg/L.
The values given in bracket refer percentage (%) removal
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Measurement of pH before and after EC processes
The initial pH of the raw leather processing indiaseffluent is 8 The pH of the effluent was adjusted to

below 10 by adding 0.1M H2SO.. Itis observed from the Table 8 and Figure 4, tHeop the effluent is

reduced after EC with and without adsorbents. Témilt shows the decrease in pH is due to redudticthe
concentration of Hions present in the leather processing effluehe M ions present in the printing effluent may
undergo electronation at cathode and adsorpticadsorbent materials resulting in evolution ofdas.

H'+6 ———» %H

Effect on TDS and TSS before and after EC processes

TDS is a measure of the total ions present watgiesys. From the Table 9 and Figure 5, the decieabe values
of TDS in leather processing industrial effluerteatlectrocoagulation with MWCNTs and GR are reddy higher
than CAC. The high percentage removal of TDS an8 iBXdue to the formation of coagulants and flogotd by
electrolytically added Al generated from aluminium anode. The dissolved sumsbended particles undergo
coagulation with Al*. The gases evolved at the electrodes may impingand cause flotation of the coagulated
materials. The EC process is basically associaitil electroflotation since bubbles of hydrogen amxggen are
produced at the cathode and anode, respectivele Jiccess of an EC process and for that matter
electroflocculation (EF) process is determined gy $ize of the bubbles as well as by the propeingirf the
bubbles with wastewater. It is generally believieat the smaller bubbles provide more surface areatfachment
of the particles in aqueous stream, resulting ttebseparation efficiency of the EF process [28-35

8000
l [ before EC
[ after EC
7000+ I after EC with CAC
T [ after EC with MWCNTs
6000 I after EC with GR
_, 5000+
> j
€ 4000
3000
2000
1000
0- ._—_-_

TDS TSS
Leather Processing Industral Effluent
Figure 4. Removal of TDSand TSSin leather processing effluent by EC with and without adsor bents

Effect on anions and cations before and after EC processes

The details of reduction in the concentration dbas such as Cand SG* during EC of leather processing effluent
with and without absorbents is given in the Tabsn# Figure 5. It may be due to de-electronatiothe$e anions at
anode resulting in electrochemical oxidation, thelgo undergo reaction with %] AI(OH); to produce
corresponding chloride and sulphate precipitatesfarther the anions undergo adsorption on theaserbf CAC,
MWCNTSs and GR during electrocoagulation.

cr > € + 1/2C}1 (at anode)
AI** + 3H,0 o Al(OH)3) + 3H"
AI** + 3CI - AICl3!

In addition, chlorine produced at anode as a resfuttxidation is a strong oxidant that can oxidszame organic
compounds and promote electrode reactions [36-43].

2Cr - Cl, + 26
Cl, + H,O o HCIO + H + CI
HCIO o ClO+H*
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3000 [ before EC
[ after EC
I after EC with CAC
2500 [ after EC with MWCNTSs
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Figure 5. Removal of cationsand anionsin leather processing effluent by EC with and without adsor bents

The removal of cations in leather processing effiueefore and after EC process in presence anchedsef
adsorbents is shown in Table 8 and Figure 5. Frardsult it is observed that there is decreasergeentration of
cations such as NaK*, C&" and Md"in effluent after EC with and without adsorbenthisTmay be due to the
electronation of cations at cathode and also atisorpf cations on the surface of CAC, MWCNTs and @uring
electrocoagulation. Form the results, it is alssesbed that the percentage removal of cationslagively lower
than the percentage removal of other WQPs thislmeague the lower hydrogen over potential on irchade [44].

Ca2+(aq) + 2e- N Cqs)
Mg* aq)* 2€- - Mgs)
N& (aq)+ € - Nag)
K'ag+ €- - Kes)

Figure 6. SEM imagesof A, C and E represent CAC, MWCNTsand GR respectively before EC processes: B, D and F represent CAC,
MWCNTsand GR respectively after EC processes of leather processing effluent
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The percentage removal of pollutants in leathec@ssing effluent is higher in the case of GR aiGNTs than
CAC during EC processes can be attributed to thead adsorption as well as conducting properti@sceSEC
process is common in all the four treatment studfdsather processing effluent the efficiency refatment lies on
the adsorbing capacity of the adsorbent materidsl during EC processes.

Surface morphological studies of adsorbents before and after EC process

The typical SEM photographs of adsorbents, befarkadter EC of leather processing effluent are showFigure
6. SEM photographs of adsorbents before EC prockssmly reveal the surface texture and porositythe

adsorbents (Fig. 6A, C, E). SEM photographs alswvsifat the particles can be roughly approximatspderes or
globules, if the roughness factor is included tocamt for their regularities. SEM photographs ofa@tbents after
EC processes depict the porosity nature of therbdats and also presence of grains in it (Fig. BB,F).

Furthermore, the adsorbed effluents molecules éihereengulfed or surrounded on the surface of perGAC,

MWCNTSs and GR adsorbents [45,46].

CONCLUSION

The leather processing industrial effluent sampdesthis study were collected from industry locatdwest of
Madurai near Dindigul. Characterization, correlatamalysis and treatment by EC process were castiedviost of
the WQPs of leather processing effluents were faoroke higher than the limit prescribed by BIS ttee discharge
of industrial effluent. The average WQI value efther processing industrial effluent showed thawvas

contaminated six times higher than the prescrilvad. |ICorrelation and linear regression were carait in order
to study the rapid monitoring of water pollutiorheél' studies of quality of effluent for irrigationaskied that, it is not
suitable for irrigation purposes as such. The dem@en values of TDS was higher in the case of B@ @R and

MWCNTSs than CAC. The decrease in concentrationadi lanions and cations are relatively higher inviat and

without GR and MWCNTSs than CAC and the SEM studiesw adsorbed effluents molecules are either eedulf

surrounded by the porous adsorbent particles.
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