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~ ABSTRACT

- This paper evaluates thres inorganic adsorbents (activated bauxite, fullers earth and a synthetic clay). relative
lo activated carbon, for the removal of several representative conta ts of major u and (req
occurrence in UK textile industry efflugnts; reactive dyes; pentachlorophenol] and Propetamphos. The resulis
indicate that, for the removal of reactive dyes, the synthetic clay was the most effective adsorbent over the
pH range from pH 5.5 to pH 8.5 and temperature range from 20 to 40°C,’ although compamble dye removals |
were exhibited by activated carbon under neutral and alkaline conditions. Under acidic conditions activated
bauxite was as effective as activated carbon.. Pullers Earth was largely ‘ineffective.” With regard to the:

-. removal of pesticides aclivated carbon was highly. effective; whereas the lhm morgamc adsotbents showed .
negligible removals. ® 1997 lAWQ Published by E.lse\ner Science Lid. | . A .
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INTRODUCTION

Water is consumed in large volumes by lhc texule mdustry an(hs an esscnual rcquucmem of processes such
as. wool scounng, dyeing and mothproofing. However, the. removal of contan:unants from the. effluents of
such processes is problematic, with established technologies often unable 1o adequately reduce contaminant
concentrations to desired and/or legislated: levels. This has initiated a search for more effective, economic
. treatment techniques, of which adsorption processes appear to offér slgmﬁcant potential; they are inherently
- flexible processes that may be. fully autorated, incur, significantly Tower capital costs than, for example,
ozone, membrane or biological . pmcwsm and are’ suited. to compact treatment plants, an essential
. requirement of textile-processing utilities inthe- UK.’ many 6f which are- situated in restricted ‘inner-city
locations. The on-site treatment. capability of adsorpnon processes would, in”addition, allow process walers
to be recycled thereby xeducmg both cffluent and process water charges Tnorganic adsorbents midy also
. bave a potcnual for in situ chexmcal regenerauon‘ thout the. requn-cmem for mermal regenemnon,
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therefore, inorganic adsorbents may have significantly reduced operational costs over adsorbemts such as
activated carbon.

This paper reports the results of bench-scale, batch adsorption trials with three inorganic adsorbents,
activated bauxite, fullers carth and a synthetic clay material, and an activated carbon, for the removal of
several contaminants of major concern and frequent occurrence in UK textile industry effluents; reactive
dyes, the fungicide pentachlorophenol and organophesphorus sheep-dip chemicals.

MATERIALS AND METHODS

Materials

The three reactive dyes employed in this study were selected specifically because of the difficulty often
experienced with their removal from textile effluents. They were comprised of Procion Turquoise H-A (C. I.
Reactive Blue 71) and Procion Red H-E3B (C. 1. Reactive Red 120), both supplied by Zeneca (Colours)

Specialities, Blakely, UK, and Rcmazol Red RB (C. L. Reactive Red 198), supplied by Hoechst (UK) Lid,
Halifax, UK.

The two pesticides cmployed within this study were selected because of their frequent occurrence and high
concentrations in textile cffluents and consisted of the fungicide, pentachlorophenol, and the
organophosphorus pesticide, Propetamphos. Samples of Propetamphos were supplied by Promochem Lid,
St. Albans, UK, and pentachlorOphenol supplied by Greyhound Chromatography and Allied Chemicals,
Bnrkcnhead, UK. The punues of these sampl&c were Prope(amphos 99% and Pentachlorophcnol 99%. :

_ The three ‘inorganic adsorbems were all received and used'in a- dry powdcred form and consisted of a
gibbsitic bauxite (Alcan Chcmxcals Ltd, Gerrards Cross, UK), an activated fullers earth (Fulmont Premiere

CP272, Laporte Industries Lid, Widnes, UK) and a synthetic hydrotalc:te clay (Macrosorb CT100, Crosfield, * -

'Wamngmn UK). The powdered activated carbon-used in this study- (Picactif CNB10W/EWN, Pica Carbons, .
Levallois:Cédex; France) was selected following pmhmmary batch adsorpnon tna!s as the most. effecuve of
» several carbon types for the adsorpnon of reacuve dyes S ;

. Methods

Based upon the results of lbennogravnmemc analyses, each of the morgamc adsorbents were Jnmally -
calcined at 100°C intervalsup 6 800°C. The physical porous- structures of cach calcined phase Weré:then .~

characterised by gas adsorption techmqum and their ‘sdsorbent properties examined by compardtivé- batch .
dye adsorption tests. From these evaludtions the optimal phases of each-of the three inorganic adsorbents -
were selected for further study. These consisted of bauxite and Fullers.earth: calcined' at 700°C and the

‘synthetic clay used as received: All of these adsorbents, and the activated carbon, were thereafier chemically

- “rep sentanve of the iilk: mntenals ané t‘ncnr porous chamctensucs re-analyscd These are reponed in Tablc b S

g ablcl Adsorbent porous characlensucs (STP)

, Achvateabanxnte F\lllcrsEanh Symhetxc clay Picacaxbo_
(c.kuedaM'C) (Cdcmedd‘loo'C) i

St T e 1om

2 % T ae

{ez0-/my . 053, . 034 065

Miem—pom volume, t-plot (ml/g 000 0.00 T 0%

- BB’l‘oonnmt,C 96 143 156 - -
- "BET correlation coefficient

1.00 10 0% -

' Conditioned, as described by Eambert and Grahiam(19954); 1o ensure clean, reproducible adsorbent surfaces "
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The comparative removal capacities of the adsorbents for the various contaminants were evaluated over a
range of equilibrium pH (pH 5.5, 7.0, 8.5) and temperatures (20, 40°C) in a series of batch adsorption trials.
In each trial, buffered (10-2M NaHCO;) solutions of individual contaminants were agitated for 48 hours
with a range of adsorbent masses. It was established from preliminary trials that a contact time of 48 hours
was sufficient to achieve 91, 92, 87 and 95% of the ultimate dye removal capacities of the bauxite, fullers
earth, synthetic clay and activated carbon adsorbents, respectively. Initial concentrations of the dye and
pesticide solutions contacted with the adsorbents were 20 mg/l and 150 pg/l, respectively. All dye working
solutions were prepared by dissolving the appropriate 'mass of dye directly into solution as required.
Working solutions of the pesticides were prepared by spzkmg with 2 known volume of 5 mg/l agucous stock
solutions.

Analyses

Residual dye concentrations were determined following pH adjustment by UV-/Vis-absotbance on an SP8-
100 spectrophotometer (Pye-Unicam Ltd, Cambridge, UK). Followmg complete spectral scans, two discrete
wavelengths, one in the visible region and the other in the UV region, comresponding to peak absorbances,
were selected for the determination of each dye. These were 218 nm and 662 nm for Procion Turquoise H-A,
222 nm and 534 nm for Procion Red H-E3B and 282 nm'and 514 nm for Remazol Red RB. In accordance
with the Beer-Lambert Jaw, all solutions exhibited linear: UV-/Vis-absorbance values, at all wavelengths,
with dye conccntrahons up to at least 100 mg/l. :

All ‘the pesticides were extracted from solution with d:chloromcthanc, evaporated to incipient dryness,
redissolved in a known volume of acetonitrile, and analysed by HPLC (Waters Chromatography, Watford,
UK) using a Spherisorb ODS2 (5um, 46 x 250 mm) reverse phase column (Jones Chromatography,
Hengoed, UK), an acetonitrile: water: acetic. acid mobile phase and UV-absorbance detection. The
composition and flow rate of the mobile phase and optimal wavelength for the separation and detection of
each of the pesticides were determined empirically as stated in Table 2.

" Table 2. Details of the HPLC pesticide analyses

Parameter B ' " Pentachloropherol Propetgmphog
Mobile phase composition (acetonitrile s 70:29:1 o 8514
water -acetic acid) (v/v) - . CL
Mobile phase flow rate (m]Jmm) S 1 1
Detection wavelength (nm) 7+~ . - 0 0213 - 223
Injection volume (uL) T v s ST .'60 .
Retention time (min) | - S 798 ' 711
-RESULTS
. k, : . .

. The results of the batch dye adsorpnon trials .have been: mterpmted accordmg to the Freundlich. isotherm

model, in which Ce is the equilibrium, residual contaminant concentration in solution, and ge is the
contaminant concentration-adsorbed per unit mass of adsorbent, Representative results are shown, as log

" versus log plots, in Figures 1 to 8, Figures-1 and 2 show the effects of. pH on the dye removals of bauxite,

synthetic clay and activated carbon. All the: adsorbénts are- observed 1o be more effective with decreasing
solution pH. However, whereas only a relatively minor effect is observed with pH on the removals achieved
by the synthetic clay and activated carbon, the removals of bauxite-are greatly influenced by the solution pH.
Figures 3 1o 5 show the comparative removals achleved by all the adsorbents for representative dyes with
pH.
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" There. are quite s’ number ‘of advantages assocmted with the use of adsorbents for the on-sne lreatment of '

h chemtcally. is conomxcally very’ attractivg 'I’hls s!udy has evaluaxed three such adsorbents, a syntheuc clay,

- treatment. of texulc mdustry efﬂuents At all of these sncs, however,. the clay is dosed as ‘a slurry and, aft
'rapxdly raising the: cfﬂuem pH and the ‘addition of a coagulam aid, it is separated from. the effluent.an
“disposed of:Used i this way, the synthetic. clay has been reparted to be very effective, nat only for.1
“removal of seactive dyes, ‘but also for some of the most frequemly occurring pesticides (Cockett and Webb
"' 1995). The purchase cost- of the’ ‘synthetic clay .is, however, comparable to that of activated carbon and: ‘a
,substanual econofic benefit would, therefore, ‘be achxeved if the clay could be used as an adsorbent. 04
* fixed-bed, chemmally regcnerated and reused: However whereas the ‘synthetic clay, used simply” ds’ ap!
“adsorbent, -has been démonstrated in: this smdy 10 be very effective for the removal of reactive dyes,‘
. _capacny for the. rcmoval of pesttcldes was found to bc neghgnble - )

“
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It is thus evident that the synthetic clay is the most effective adsorbent for the removal of reactive dyes at all
solution pHs, although comparable removals arc achieved by activated carbon under neutral and basic
conditions. Under acidic. conditions, bauxite is almost as effective for the removal of reactive dyes as
activated carbon. but demonstrates negligible removals at pH 8.5. Fullers earth is shown to be ineffective at
all the solution pHs investigated. Figure 6 shows the comparative removals of the threc reactive dyes
achieved by bauxite and synthetic clay. Due to the different magnitudes of UV-/Vis-ahsorbance exhibited by
the three dyes, the results have been converied and expressed in terms of dye carbon masses (mg C). Some
differences arc observed in the removals of the various dyes by the adsorbents, although these were
generally only relatively minor. Figure 7 shows the effects of temperature. Consequently, the capacity of
bauxite for the adsorption of reactive dyes is shown to be better at lower temperaturcs. In contrast, the
synthetic clay and activated carbon (not shown) arc more effective for the adsorption of reactive dyes at
higher temperatures. The effects of the initial dye concentration in solution were also investigated in Figure
8. Tt may thus be seen that for both bauxite und the synthetic clay, higher residual dye concentrations (Ce)
remain at equivalent adsorbent loadings (ge) in solutions of higher initial dye concentrations. This means
that, although not substantially different, the adsorbent capacities -of both of the adsorbems are more
effectively utilised in solutions of lowet initial dye concentrations. '

'Removal of pesticides

The results of the: Pentachlorophenol "and Proﬁetamphosv batch adsorption trials are plottedA'as above, .
according to the Fn:undhch isotherm model in Figures 9 to 1. Fullers earth demonstrated neglxg:blc R
pesticide rcmovals (Flgure 10) and, m addmon to poor dye removals, was not fully cvaluated.

Figure 9 shows lhe‘removal of Pentachlorophenol achieved by activated bauxite, synthetic clay and activated
carbon. It is thus evidenit that the adsorption of Pentachlorophenol by both of the inorganic adsorbents is
negligible and, by activated carbon, greater from solutions of lower pH. Similarly, Figure 10 shows that of

all the adsorbents, only activated carbon is effective for the adsorption of Propetamphos with little influence -

of the solution pH on the adsorption characteristics. observed. Figure 11 shows that greater
Pentachlorophenol femovals are achieved by activated carbon from solutions of lower temperaturcs. The .

- adsorption of Propctamphos appears to be affected more by soluuon temperature which is greater at hngher' n

lempetatures

DlSCUSSION

textile’ industry effluents, The_most frequently. apphed adseifient for the removal of organic contaminants ifi
waters and wastéwaters. is currently activated carbon. However, activated carbon is not only an expensive

matenal but, followmg exhausuon, mcurs the hxgh costs of thermal regcnemuon if it 1s to be re-used. The

a Fullers earth and acquted bauxxte .
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Fullers carth has also been shown previously to be very effective for the removal of textile dyes. It has been
reported, for example, 10 be more effective than activated carbon for the adsorption of basic dyes and also
very effective for the adsorption of acid dyes (McKay ez al., 1985). Howcver, currently the most problematic
dyes in the UK in terms of their removal from textile effluents are the reactive dyes for which Fullers earth
has, in this study, demonstrated very little adsorption capability. Coupled with its negligible adsorption of
the pesticides investigated Fullers earth would appear from this study to have little potcntial as an adsorbent
for the on-site treatment of textile industry effluents.

Activated bauxite has not been extensively investigated as an adsorbent, although it has previously been
shown to attain organic carbon removals from upland potable water sources approaching those of activated
carbon subsequent to ozonation (Lambert and Graham, 1995b). This study has, in addition, shown activated
bauxite to be very effective for the adsorption of reactive dyes, although its performance is greatly affected
by the effluent pH. The poor adsorption of reactive dyes at high pH suggests, however, that dilute solutions
of alkaline salts, such as NaOH or Na,CO;, might be very effective as chemical regenerants for bauxite. In
addition to this potential for chemical regeneration, bauxite also has the advantage over both activated
carbon and the synthetic clay ofa very low comparative pu:chase cost, which might be used to offset some
of its deficiencies as an adsorbem

comcwsxqws

Inorganic adsorbents may have a significant potential for the on-site treatment of textile industry effluents
containing reactive dyes. For cxample, the synthetic clay evaluated was more effective than activated
carbon, over a range of solution pH.and temperatures, for the removal of three problematic reactive dyes.
Under acidic conditions bauxife similafly achieved dye removal efficiencies approaching those of activated
carbon. Bauxite is, in addition, a very low cost material. Coupled with a potential for on-site chemical
regeneration, the -inorganic adsorbents may also have a major advantage over activated carbon for the
removal of reactive dyes. However, for the removal of the most frequent and problematic pesticides. from
(exule cffluents, aciivated carbon was substantially. better than the inorganic adsorbents, all of which were
largcly ineffective. Consequemly, from the results of this study, a cost-cffective solution for the on-site
m:atment of textile effluents containing both dycs and pesucldes may be the combmatlon of an morgamc .
adsorbent followed by acnvatcd carbon: - :
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