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Effect of Powdered Commercial and Activated Charcoal
on Removal of Copper and Nickel from Wastewater
of Electroplating Industry
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Batch adsorption kinetic studies were carried out on electroplat-
ing wastewater with ?owdered commercial charcoal (specific sur-
face area 5401.69 cm?/g) and powdered activated charcoal (specific
surface area 5802.35 cmzlg) as adsorbents. The effect of concen-
tration of adsorbent and contact duration were studied on copper
and nickel removal efficiency. Higher efficiency (x’m value) of
adsorption is obtained at lower dose of powdered activated charcoal
(PAC), which removes 61.28% copper and 50.35% nickel at a
maximum dose of 25 g/L, whereas similar dose of powdered com-
mercial charcoal (PCC) removes 28.74% copper and 24.80% nickel
respectively. From the results it can be concluded that PAC may be
most effective than PCC in the removal of copper and nickel at
very low dose. Their efficiencies are moderately affected by the pH
and COD of the wastewater.
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INTRODUCTION

Electroplating industries are one of the oldest industries concentrating on
surface finishing and metal deposition for higher life of articles and for decorative
purposes. Depending upon the specific requirements, various metals or their
alloys may be electroplated on a surface. These metals include Cu, Ni, Cr, Cd,
Fe, Pb and their alloys. When the plated articles are removed from the
electroplating tank, some of the solution sticks with the articles which goes into
the effluent during rinsing. The excessive presence of metallic concentration in
the effluent causes harmful effects on human beings, animals, aquatic life and
vegetation. Although wastes from the plating industry do not approach the volume
of wastes produced by some other industries, they are nevertheless an important
source of pollution because of the extremely toxic nature of the constituents' 2,

Adsorption process has proved to be the most significant and economically
feasible alternative method. Adsorption of heavy metals on activated carbon,
‘carbonaceous materials and synthetic inorganic adsorbents has been studied*™”.
Copper adsorption capacity from plating operation on to peanut hull carbon has
been found to be 18 times larger than commercial coal-based activated carbon
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and peat using the simple metai sorption model®. Holl and Horst® modelled the
sorption of ions on to activated carbon using the surface complexation theory;
two commercial activated carbons were investigated and the surface complexation
model satisfactorily predicted carbon loading. The present communication de-
scribes studies on the use of the two adsorbents, viz., powdered commeicial
charcoal (PCC) and powdered activated charcoal (PAC) for the removal of copper
and nickel from the wastewater of electroplating industry.

EXPERIMENTAL

A number of combined wastewater samples under investigation were collected
from M/s. Excel Shine Private Ltd. and were analyzed according to standard
procedures for various physico-chemical characteristics. The wastewater samples
were treated with different dosages of PAC and PCC (viz., 5, 10, 15, 20 and 25
mg/L) at room temperature for two different contact durations; the resultant
mixtures were then filtered and analyzed for the metal content by colorimetry as
well as AAS method.

The analysis of the metal was done by flame atomic absorption spectro-
photometer (Shimadzu) model UV (1601) and colorimetric procedure for copper
with sodium diethyl thiocarbamate and nickel with dimethyl glyoxime using UV
(1201) spectrophotometer (Shimadzu Corporation).

RESULTS AND DISCUSSION

Results presented in Table-1 indicate the effect of different dosages of
adsorbent (PAC and PCC) on various physico-chemical characteristics of the
wastewater. It can be seen that there is a reduction in the Cu and Ni content when
the dosages of PAC and PCC vary from 5.0 to 25 g/L at 60 and 240 min of contact
duration. The observed gradual increase in pH with increase in adsorbent dosages
can be linked with removal of components contributing to the acidic character of
the wastewater sample. There is a higher reduction in the Cu?* content from the
initial value of 152.7 ppm to 59.10 ppm and Ni?* from 293.5 ppm to 145.7 ppm
for maximum dose of 25 gm/L of PAC at 240 mjn of contact duration. Similarly,
lower reduction in the Cu®* content up to 123.0) ppm and Ni%* up to 245.5 ppm
has been observed for PCC. With increase in the concentration of adsorbents
lesser reduction in the COD due to adsorption of organic matter present in the
wastewater is observed.

Table-2 (A, B, C and D) represents the data for the model of Freundlich and
Langmuir adsorption isotherm for removal of copper and nickel at 60 and 240
min of contact duration for PAC and PCC. For Freundlich adsorption isotherm
the values of equilibrium concentration (C,_.q) and per gram removal (x/m) of
copper and nickel are given. For Langmuir isotherm model, the inverse value of
equilibrium concentration, i.e., 1/Ceq X 10° and removal per gram per litre, i.e.,
1/q. % 10° are considered. It can be seen that the removal of Cu** and Ni**
increases with increase in dosages of adsorbent as well as contact time. A decrease
in adsorption per gram of adsorbent was observed on increasing the amount of
adsorbent. The logarithmic value of equilibrium concentration and removal per



Effect of Charcoal on Removal of Cu and Ni from Wastewater 417

Vol. 17, No. 1 (2005)

oSyl SSYT 0€Cl 06 | OSPI  O¥ST ¥'LTI 68S | 09€l LSVl  T1'6S S6S | 09¢l  8SLI T8L S6'S 0'st
oSyt  6vST 6'SCI  OLS | OS¥I  S09C S'6C1 oL's | 09€l LSyl T°6S 08S | 09€l 9681 L'LS8 LL'S 00T
oSyl  6'S9C 86CI 8¢S | OSSPl 6'L9C OFEl 8€S | 09l  ¥S91 L'69 8€S | 09€1  6S0C S°S6 8€'S oSl
osPl  STLT 69t IS | OSPI SGLT T6ET OIS | 09El  L'86I SS6 9I'S | 09€1 LITC THOI (38Y 001
00ST  #T8C Ol SLY | 6CSI  0Vv8CT OSYl SLY | 08€1  ¥6TC TIII 08y | S8l  €SPT 9STI 08¢ 0S
CrLl  S€6T LTSI 8Y'y | TYLI S€6T LTSI 8y | TYLI Se6C LTSI 8Y'v |- TPLI  S€6T LTSI mfvv pajeanuf)
wdd wdd wdd wdd wdd wdd wdd -~ wdd wdd wdd wdd wdd
Hd Hd Hd Hd
aodo N O aod &N O aod +N o0 aod N ™
18
ujw Qg ‘uoneINp LU0 urw (9 :UONEINP JOLIU0D) Ul Opg uoneInp 19e1U0) ulw ()9 :UOTIEMP 13eIU0)D) asop
juouneal],

[E021BYD [EIXISUWIWIOD PAISPMOJ

[E0OIRYD PIIBATIOR PIIIPMO]

Am\~Eu 69°10pS ®©aIe adens d1j193dS) [20dIRYD [RIDISWIWIOD PIIPMOJ (T) .Aw\NEo GE€'T08S eare ddeyms d1J102dg) [eoareyd vs,mzaa paop

40 SOILSRIALOVIVHO TVOINAHD-OJISAHd SNOIIVA NO D0d ANV OVd 4O SASOd LNFHFAJId 40 JONINTANI

AYLSNANI ONILVIdOYLOTTH 40 YALVMEALSVM QANIEWNOD

[-474dVL

M 00€ :ameradway,
mod (1) : SIUdQIOSpY



418 Tandel er al. Asian J. Chem.

unit weight gives the linear plot for Cu** and Ni** by PAC and PCC, which
confirms the applicability of Freundlich adsorption isotherm.

Figs. 1 and 2 show the plots of log x/m vs. log C, for the adsorption of Cu®*
and Ni?** from wastewater by PAC and PCC. The nature of the curve is a straight
line and slope corresponding to 1/n and-intercept K are observed.

1 - xPAC 240 min ® PAC 60 min @ PCC 240 min A PCC 60 min

175 1.85 1.95 2.05 215 225
log Ceq

Fig. 1. Freundlich adsorption isotherm for removal of Cu* by PAC and PCC

1.2 4 =PAC 240 min @ PAC 60 min ® PCC 240 min A PCC 60 min

T T T Ll

21 215 22 225 23 235 24 245 25
log Ceq

Fig. 2. Freundlich adsorption isotherm for removal of Ni?* by PAC and PCC

The straight line confirms the applicability of the Freundlich isotherm model
in both cases and indicates monolayer coverage of the adsorbent on the outer
surface of the adsorbent. The value of 1/n related to adsorption intensity is close
to one, which indicates high adsorptive intensity at higher equilibrium concen-
trations that rapidly diminishes at lower equilibrium concentration covered by the
isotherm. The values of K. related to adsorption capacity and the values of 1/n
related to adsorption intensity for Cu?* and Ni?* for PAC and PCC have been
found for 60 and 240 min of contact duration.

Figs. 3 and 4 show the Langmuir adsorption isotherm for adsorption of Cu
and Ni?* on to PAC and FCC. Plots of Langmuir parameters, viz., 1/Ceq % 10* and
1/q. x 10* give the nature of the curve for both cases as linear.

2+
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Fig. 3. Langmuir adsorption isotherm for removal of cu?* by PAC and PCC

607 *PCC 60 min ® PCC 240 min ® PAC 60 min A PAC 240 min
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Fig.4. Langmuir adsorption isotherm for removal of Ni?* by PAC and PCC

The data indicated in Table-2 (A, B, C and D) give the linear nature of the
plots presented in Figs. 3 and 4, confirming the applicability of Langmuir model
also, which is governed by the mathematlcal expression

1 ‘bx— L 1

9e 90 Ceq eo
where g, = amount of Cu and Ni adsorbed per unit weight of adsorbent (mg/g),
C,q = equilibrium concentration of Cu and Ni (mg/L), x = amount of Cu and Ni
adsorbzd (mg/L), m = weight of adsorbent (g/L), 6, = Langmuir constant related
to the capacity of adsorption (mg/g), b = Langmuir constant related to the energy
of adsorption (dm*/mg).

Figs. 3 and 4 show the Langmuir isotherm parameter for removal of Cu and
Ni using PAC and PCC. The observed linearity suggests the applicability of this
isotherm model in both the cases as well as further confirms the monolayer
formation. The Langmuir constant related to adsorption capacity (6y) (mg/g) has
higher values indicating availability of more surface active region on to adsorbent
sites. The value of b x 10® (L/mg) in terms of x/m is related to adsorption energy.
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This ‘b’ value is a characteristic of the system, it is not dependent on concentration
of adsorbent.

Table-3 represents the Freundlich and Langmuir adsorption isotherm para-
meters for Cu and Ni in the electroplating industry wastewater. An adsorption
capacity value of PAC is found higher than that of PCC when contact period is

TABLE-2 (A)
FREUNDLICH AND LANGMUIR PARAMETERS FOR REMOVAL OF COPPER AND
. NICKEL FROM WASTEWATER BY ADSORPTION ON TO PAC

Adsorbent: Powdered activated charcoal Temperature: 300 K
Specific surface area: 5802.35 cmzlg Contact duration: 60 min
Parameters
Treatment
dose |Ba-conc.Cql xm=g % removal 1/ge x 10% 1/Ceq % 10°

gL) (mg/L) (mg/g)

Cu2+ Ni2+ Cuz"' Ni2+ Cu2+ Ni2+ Cuz* Ni2+ Cu2+ Ni2+

Untreated | 152.7 2935 — — | — — - - 6.5487 3.4071
5.0 1250 2453 554 9.64 |18.13 16.42|18.0505 10.3734| 8.0000 4.0766
10.0 1042 221.7} 3.81 7.18 {31.75 24.46 |20.6185 13.9275| 9.5969 4.5105
15.0 95.5 2054 | 4.85 5.87 |37.45 30.0126.2467 17.0357|10.4710 4.8685
20.0 877 1856 325 539 |42.56 36.76 {30.7692 18.5528|11.4020 5.3879
25.0 782 1758 298 4.70 [ 48.78 40.13 |35.5570 21.2765/12.7870 5.6882

TABLE-2 (B)
FREUNDLICH AND LANGMUIR PARAMETERS FOR REMOVAL OF COPPER AND
NICKEL FROM WASTEWATER BY ADSORPTION ON TO PCC

Adsorbent: Powdered commercial charcoal _ Temperature: 300 K
Specific surface area: 5401.69 cm2/g Contact duration: 60 min
. Parameters
Treatment
dose |Ea-comc.Cq| xm=q | o oval | 1gx10° 1/Ceq x 10°

(gL) (mg/L) (mg/g)

| cu® Ni®* | cu®* Ni** | cu®* Ni?* | ce®* Ni** | cu®* N

Untreated | 152.7 293.5| — — —_ — — — |]6.5487 3.4071
5.0 1440 2824 1.74 222 | 569 3.98(57.4712 45.0436| 6.9444 3.5410
10.0 1369 2723 | 1.58 2.12 |10.34 7.22|63.2956 47.1645( 7.3046 3.6729
15.0 129.8 2629 1.52 2.04 | 14.99 10.42|65.7886 43.0141| 7.7041 3.8037
20.0 1259 2549 134 1.99 |17.54 13.42{74.6245 50.7664| 7.9428 3.9354
25.0 123.0 2455 1.18 1.92 | 19.04 16.35 [84.1705 52 0852| 8.1300 4.0735

Eq. conc. = equilibrium concentration x/m = removal (mg/L)/weight of adsorbent (g/L)
(1) For Freundlich plot, i.e., x/m. (2) For Langmuir plot, i.e., G
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TABLE-2 (C)
FREUNDLICH AND LANGMUIR PARAMETERS FOR REMOVAL OF COPPER AND
NICKEL FROM WASTEWATER BY ADSORPTION ON TO PAC '

Adsorbent: Powdered activated charcoal Temperature: 300 K
Specific surface area: 5802.35 cm2/g Contact duration: 240 min
Parameters
Treatment

dose Eq.conc.Cey| Xm=qe
@) (mg/L) (mg/g)
Cu2+ Ni2+ Cu2+ Niz* Cu2+ Ni2+ Cu2+ Ni2+ Cu2+ Ni2+

Untreated | 152.7 293.5| — —_ — — — — 6.5487 3.4071
5.0 1162 2294| 730 12.82|23.90 21.8313.6986 7.8003 | 8.6058 4.3591
10.0 95.5 1987 572 9.48|37.45 3229 (17.4825 10.5485]10.4712 5.0327
15.0 69.7 1654 | 4.15 6.40|54.34 43.64 [24.0163 15.6128]14.3472 6.0459
20.0 59.1 1457 3.74 591 ]61.28 50.35(26.7379 16.9204|16.9204 6.8634
25.0 59.1 145.7] 3.74 5.9 |161.28 50.35[26.7379 16.9204|16.9204 6.8634

TABLE-2 (D)
FREUNDLICH AND LANGMUIR PARAMETERS FOR REMOVAL OF COPPER AND
NICKEL FROM WASTEWATER BY ADSORPTION ON TO PCC

% removal /g, x 10 1/Ceqx 10°

Adsorbent: Powdered commercial charcoal Temperature: 300 K
Specific surface area: 5401.69 cm2/g Contact duration: 240 min
Parameters
Treatment

Eq.conc.Cy x/m=qe

dose
L) (mg/L) (mg/g)
Cu2+ Ni2+ Cu2+ N|2+ Cu2+ N|2+ Cu2+ Ni2+ Cu2+ Nl2+
Untreated | 152.7 293.5| — — — - — — | 6.5487 3.4071
5.0 1403 275.0| 2.54 3.70 | 831 6.30(39.3725 27.0212| 7.1275 3.6363
10.0 131.4 258.7| 2.13 3.48 [13.94 11.85[46.9458 28.7374] 7.6103 3.8654
15.0 121.0 2448 2.11 3.24 120.78 16.59 |47.3924 30.8636| 8.2690 4.0849
20.0 108.8 2228 2.19 3.53 [28.74 24.08 |45.6685 28.3208| 9.1900 4.4900
25.0 108.8 222.8( 2.19 2.82 [28.74 24.08 |57.1432 35.4664| 9.1900 4.4900

TABLE-3

FREUNDLICH AND LANGMUIR PARAMETERS OF Cu AND Ni FOR POWDERED
ACTIVATED CHARCOAL AND POWDERED COMMERCIAL CHARCOAL

% removal 1/qe x 10? 1/Ceq % 10°

Freundlich isotherm Langmuir isotherm
Time bx 10° bx 10°
(min) I/n K 6y (mg/g) (dm¥mg) I/n K 69 (mg/p) (dm¥mg)
Cu Ni Cu Ni Cu Ni Cu Ni

Powdered activated charcoal

60 1.78 2.37 1.062 1.295 19.01 19.38 2.85 2.50
240 1.04 1.87 3.239 4531 69.69 31.67 1.00 2.00
Powdered commercial charcoal

60 1.50 1.61 1.023 1.244 4.40 8.65 3.81 1.18
240 1.45 1.14 1.659 . 2.749 13.84 4041 '1.59 0.37
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increased nearly four times. The 1/n value of Freundlich isotherm is found higher
at 60 min contact duration; this indicates higher intensity of the adsorption process
in comparison to that when contact time is increased four times. Higher value of
K indicates higher surface coverage or higher adsorption capacity of PAC at 240
min of contact duration.

Conclusion

Activated charcoal may be more effective than commercial charcoal in the
removal of Cu®* and Ni?* at very low dose. Their efficiencies moderately affect
the pH and COD of wastewater. Higher efficiency (x/m value) of adsorption is
obtained at lower dose of activated charcoal, which removes 61.28% Cu and
50.35%. Ni at the maximum dose of 25 g/L, whereas similar dose of commercial
powdered charcoal removes 28.74% Cu?* and 24.80% Ni** respectively. At room
temperature both charcoals, viz., PAC and PCC, work as adsorbents and follow
Freundlich and Langmuir adsorption isotherm models for the removal of Cu?*
and Ni?* from the combined wastewater of electroplating industry.
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