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ABSTRACT

Activated carbon, maize cob peat, cowdung, cheniically derived celiulose fragments and
compounds have been evaluated for adsorptive propzrties and exhibited a capacity to remove
colorants from dve solutions and textile factory effluents. These matrices have been applied
singlv and combined in various mixtures to select an optimum treatment mixture jor effluents.
While efftuent that has been maximally treated with only activated carbon or maize cob peat
still possessed a residual faint colour, the application of an optimum mixture of them and cow-
dung scrubbed tested effluents free of coloar. The efficiency of colour removal was ren-
dered as decreases in the absorbance of effluents as they flow through a succession of glass
columns packed with the different matrices. Decoloraiion efficiency depended on the format
in which the components of the optimum mixiure were presented in addition i the source of
carbon and the particie size of all components. The cellulosic materials exhibited selective
‘adsorption and are only preliminarily described.

INTRODUCTION

Environmental protection requires that factory ef-
fluents be treated to bring their quality within regu-
lated-standards before such effluents are discharged
into the environment'*, With particular reference
to textile factories, the dark colours of effluents
that issue from factory drains into gutiers and other
city drainage systems in Nigeria indicate that efflu-
ents are either untreaied or insufficiently treated
before they are discharged*. This situation creates
a relevance for cheap and efficient effluent treat-
ment materials and methods, not only for the tex-
tile industry but for all effluent producing indus-
tries. Pollution control practices aim at the removal
of objectionable materials and pollutants from ef-
fluents by precipating, filtering, sieving or
adsorbing them out of the effluents. These pro-
cesses concentrate the pollutants for easy removal
and disposal. This article presents an approach to
the removal of pollutants that exhibit objectionable
colours in effluents relying on inexpensive materi-
als and procedures.

Activated carbon is regularly employed in trickle
fileration systems to remove coloured pollutants
from factory effluents®’. It is, however, rather
expensive when applied as a sole treatment matrix.
The evaluation of chieap sources of charcoal for this
application has been reported® as also that of maize
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ob peat® and cowdung®. Presently we are pre-
senting the combination of these matrices to achieve
the removal of colour from textile factory efflu-
ents. The capacity of cellulosic materials devel-
oped for the purpose highlighted in this article is
also reported therein,

EXPERIMENTAL
Materials

All reagents used in this investigation were of ana-
Iytical reagents grade; all water used was distilled
water and other materials were obtained as described
below.

Activated carbon

Charcoal obtained by carbonising mango and aca-
cia woood was activated with HC! as described else-
where®®. The carbon was then pounded and sepa-
rated into a range of particie sizes (0.15 - 2.00 mm)
using the Endocott set of sieves, model BS 410/
1986. Each particle size was stored separately in 2
stoppered bottle in a desiccator for use as required.

Maize cob peat

Maize cobs were tenderised by soaking in water in
a Jarge glass trough for six months. They were
then flushed and washed to remove green algae and
allowed to dry in ait. They were pounded with a
mortar and pestle and sieved into the range of par-
ticle sizes 0.15 - 2.00 mum using the set of sieves.
These were stored separately in stoppered bottles.



Table 1: Sources and characteristics of textile effluents

Sample  Source N Al

A Gaskiya Textile Limited, 470 0.61
Bompai, Kano 580 0.66

B Zaria Industries 610 0.48
Limited

C United Nigeria Textiles 600 1.99
Limited, Kakuri,
Kaduna.

D Pool of A, Band C 490 0.60

600 1.22

Table 2: Trends in effluent A absorbance after

emerging from columns
Matrix Absorbance - Ranking
Carbon 0.19
Maize peét 0.29
Cowdung 0.00
Blend of 3 0.21
CMD 0.22
ChOM 0.19
DCM 0.24
MO 0.17 Optirer:
DWC 0.20
MEC 0.22
i3 6.30
WAl 0.32

3

Cowdusg

The cowdung was dried, pounded in 2 moriar and
pestle, sieved also as described earlier”" and the
particle sizes stored in separate stoppered boitles.
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Table 3: Particle size effect on effluent
decoloration by maize cob peat.

Sieve mesh

Absorbance Ranking

(mm)
0.150 0.355 most adsorbing
0.250 0.358
0.300 0.385
10.355 0.395
0.425 0.398
0.500 0.411
0.850 0.418
1.18 0.42}
1.40 0.436
1.70 0.436
2.00 0.438 leps: “ing
Am' =0.60
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acteristics are presented in Table 1.
' Testing for colour removal

To investigate whether a test matrix was capable of
_removing colourants from an effluent, the matrix
was packed in glass columas of 1.0 cm internal
diameter, 5g per column, ‘and conditioned in water
for elution. 30 cm® of the effluent to be investi-
gated, after characterisation, was passed through
the column at a rate of 1.5 cm® min* and the efflu-
ent absorbance (A)at A measured and compared
with that of the unprocessed sample. Typical re-
sults are presented in Table 2 for various matrices
tested on'effluent A.

Particle size studies

Each column in a set of 11 was packed and condi-
tioned with a different particle size of the same
matrix. S0 cm® of effluent A was passed through
each column at a rate of 1.5 cm® min™ after con-
firming its absorbance at 580 nm. The absorbance
was measured again for the effluent collected from
each column and the values compared for the vari-
ous particle sizes. A typical result is presented in
Table 3 for maize cob peat. Effluents other than
effluent A behaved similarly when tested on maize
cob peat or the other matrices.

Investigation of matrix combinations

The effect produced by combining the matrices was
investigated by selecting the optimum particle size
of each matrix and repeating the procedure for test-
ing colour removal, as reported already, on vari-
ous combinations of the test matrices. Combina-
tions tested included a mixture in which equal
masses (2.0g) of carbon (C), maize cob peat (M)
and cowdung (D) were blended together; other com-
binations introduced these matrices as separate lay-
ers overlying one another in the column following
the sequences CMD, CDM, DCM, MCD, DMC
and MDC. The results are presented in Table 2.

 An arrangement in which each component matrix
was further divided into thin layers of 0.5 g was
also investigated and is discussed later.

The cellulosic mairices
The matrices, CD and MD, derived as reported

previously from cotton wool and maize cobs re-
spectively, were investigated for colour removal

from effluents using the procedure previously de- -
scribed. ' The results are included in Table 2 and

discussed later.
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Testing efficiency of deboloration

. The capacity of the combined matrix to remove

colour from effluents was investigated by passing
50 cm® of each effluent through a series of col-
umns, each packed and conditioned in the optimum
format containing maize cob peat (2.0 g) as a single
layer at the bottom followed by a layer of activated
carbon of the same mass overlain by a 2.0 g layer
of cowdung. The absorbance of the effluent stream
was measured between columns and compared with
that of the untreated effluent. The results are dis-
cussed later.

Matrix regeneration

The columns which have become saturated in use
were regenerated by flushing each continuously with
water flowing at a rate of 1.5 cm® min' and collect-
ing the issuing effluent for absorbance measure-
ments. The result is discussed later.

RESULTS AND DISCUSSION

The effluents investigated in this study were
characterised by dark colours and a range of sus-
pended particle densities. The intensities of colour
imparted by the effluent streams from which these
samples were obtained, to city drainage, particu-
larly in Kano and Kaduna capital cities, indicate
that factories do not treat their effluents adequately
before dlschargmg them.

The capacities of activated carbon, cowdung and
maize peat to remove colour from effluents have
been reported®* ' and a suggestion that they could
be incorporated into effluent treatment systems has
been made. Particularly the advantage of includ-
ing cowdung in a decolourising matrix has been
demonstrated'®. The results presented in Table 2
confirm that the inclusion of cowdung improves the
adsorptive capacity of the mixed matrix tested. The
format in which the bed of cowdung overlies the -
other components is also shown to exhibit greater
colour reduction than the other formats. An at-
tempt to reduce the thickness of alternating layers
of components, down to 0.5 g, also yielded poorer
results and is not. recommended.

While the cellulosic materials demonstrated some
adsorptive chromatographic properties (Table 2),
-the retention of colourants in them was not suitable
for the arguments of this article. They are, how-
ever, being evaluated for other chromatographic
applications as they both permitted the separation
of dye components in mixed solutions.



The colour removal was observed o become more
efficient as the particle size of adsorbents decreased.
The advantage of intensified adsorption needed to
be comprom'sed at smaller particle sizes of adsor-
bent matrices because the matrix became inpervi-
ous and pumping was required o sustain effivent
flow through columns. To avold pumping and as-
sociated difticulties, the determination of colour
removal effiiency was conducted on matrix par-
ticles at 0.5 nm sieve pore size,

When the same 50 cm? of an effluent was passed
successively through a cascade of columns, it re-
quired four columns to attain zero absorbance at
X_,, for all the effluents tested. Compared to the
efficiency-of the individual matrices, the combined
matrix has a similar efficiency but yields a cleaner
effluent after treatment and is recommended.

Large volunies of water were consumed to scrub
used columus free of colour and yield washings
having zero absorbance. For example it took 450
cny’ of water to clean up a 6.0 g matrix column
which had become saturated by receiving exces-
sive load of effluent A.

CONCLUSION
Activated carbon, maize cob peat and cowdung may

be combined to achieve an inexpensive treatment
of textile ef luents to remove colour.
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