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Abstract

The effect of clay addition during alum coagulation, on the removal of colour from pulp-and-paper industry wastewaters, was
investigated. Four types of clay, namely beige-and brown-sepiolites, calcium- and sodium-bentonites of different mesh sizes we
used. Different quantities of alum and clay were applied, either singly or in combination, to the effluents of the womdisased
and-paper mill. Colour of the treated wastewater, the sludge volume index (SVI) and sludge cake resistance (SCR) of the sludge
produced were monitored. It was observed that the clays tested were not efficient in colour removal when they were applied on
their own. When clay was added along with alum, a certain increase in colour removal efficiency was obtained as compared to alu
alone. When alum was used in conjunction with clay, settling characteristics of the sludge produced improved substamially, in

of both SVI and SCR. Acid activation of the clays did not improve the colour removal efficiency further. However, atidractiva

of sodium bentonite caused the SVI and SCR values to improve considerably compared to virgin sodium bentonite. Usk of differen
mesh sizes of clays did not exert any significant effect on the colour removal. However, it did exert significant effd@sadn S

SCR values as such that the increase in mesh size caused the SVI values to decrease and the SCR values to increase.

Introduction Several physico-chemical colour removal methods such as chemical
precipitation, rapid sand filtration, membrane processes and
The problem of colour removal from pulp-and-paper mill waste haslsorption have also been developed (Springer, 1985). Adsorption
been a subject of great consideration and investigation in the lasid membrane processes, although they are efficient, are expensive
few decades. The colouring body present in the wastewater fr¢gManjunath and Mehrotra, 1981). The application of electrochemical
pulp-and-paper mill is organic in nature and is comprised of woadethods is an another way to treat the wastewaters from the
extractives, tannins, resins, synthetic dyes, lignin and its degradatizeilulose-paper production (Christoskova and Lazarov, 1988).
products formed by the action of chlorine on lignin (Srivastava dthis method guarantees high treatment efficiency, but its effective-
al., 1984; Rao and Dutta, 1987; Manivasakam, 1987). Discharger@ss depends on the type of electrodes, the construction of
coloured pulping effluents to the receiving waters inhibit®lectrocoagulators, and the conditions under which the process is
photosynthetic activity of aquatic biota by reducing the penetrationn. Chemical precipitation, using alum, ferric chloride, and lime
of sunlight, besides their direct toxic effects on biota (Zanella arits been studied extensively (Lathia and Joyce, 1978; Dugal et al.,
Berben, 1980; Walden and Howard, 1981). The colour compounti876; Joyce et al., 1979; Srivastava et al, 1984; Beulker and Jekel,
also chelate metal ions and may import contamination by hea¥$93; Stephenson and Duff, 1996); in spite of short detention times
metals (Srivastava et al., 1984). It is imperative that the coloand low capital costs, there are some drawbacks reported, such as
present in pulp-and-paper mill effluents be removed before beihigh cost of chemicals for precipitation as well as for pH adjustment,
discharged into receiving waters. voluminous sludge production due to heavy dosages, problems
Several studies have been carried out concerning tlassociated with dewatering and disposing of generated sludge and
decolorisation and/or treatment of such waters by biological methdaigh residual cation levels, so that their colour, which remain in the
(Bauman and Luts, 1974; Joyce et al., 1979; Bryant et al., 19&Upernatant (Stephenson and Duff, 1996; Srivastava et al., 1984).
Skogman and Lammi, 1988). These methods such as aerdtmvever, as discharge standards become increasingly strict,
lagoons and activated sludge systems do not cause sufficiehemical precipitation may have a role in the treatment of pulping
decolorisation mainly because of the high stability of lignin and itsffluents either upstream of biological treatment or as a polishing
derivatives (Livernoche et al., 1983; Archibald and Roy-Arcandyperation downstream of biological treatment to remove recalcitrant
1995). Ithas also been investigated by several researchers that laaftipounds (Stephenson and Duff, 1996).
mill effluents can be partly decolorised by white-rot fungi (Eaton From the foregoing discussion, it is clear that all treatment
et al., 1980; Livernoche et al., 1983; Prouty, 1990; Gokcay amdethods in use have some drawbacks, and there is a need to look
Dilek, 1994). However, Gokcay and Dilek (1994) pointed out thdor other alternative methods. In the literature, there is some
this treatment is economically unfeasible due to the need for highidence that clays, when used in conjunction with alum, result in
glucose concentration by the fungus. They have also reported thaproved colour removals and sludge characteristics, as compared
the fungus was not effective when bleachery effluents were presentalum alone (Mittal and Mehrotra, 1981). However, there are no
detailed studies in the literature about the detailed investigation of
* To whom all correspondence should be addressed. the subject. So, it is the aim of this study to investigate the
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Experimental Experiments

Wastewater Alum and/or clay coagulation tests were conducted using standard
jartestequipment. Using 10 000 #wibck solution of commercially
Wastewater was obtained from the Dalaman Pulp-and-paper Plamgilable alum (A(SO)..18H0), an appropriate alum dosage
owned by the General Directorate of the Turkish State Pulp-andas applied. Clay was added directly to the wastewater. The
paper Works (SEKA). Pine softwood is used as the raw materialéxperiments were conducted at pH 7 that was determined as the
the plant. The Kraft process is employed for pulp production araptimum pH for colour removal, prior to the experimentation. So,
cellulose is cooked in vertically-operated Camry pressuriseth pH adjustment was carried out during the experiments as the
cookers. The plant produces 100 000t of cellulose annually. A sixatural pH of the wastewater was already neutral. The wastewater,
stage bleachery process is applied to the cooked pulp in thlem and clay mixture was stirred at a high speed (120 r/min) for
following sequence: Chlorination (C), Extraction with caustic sod@ min and then at a low speed (20 r/min) for 15 min as described in
(E), Hypochlorite (H), Chlorine dioxide (D), Extraction (E), ChlorineStandard Methods1995). The sludge was allowed to settle for 1
dioxide (D) stages, designated as CEHDED. Wastewater has thand the supernatant was obtained by filtering through GF/C filter.
following characteristics (expressed in ;IfOD: 260, suspended Then it was analyzed for its colour value. The characteristics the
solids: 10, colour: 1150 Pt-Co: pH 6 to 8. From the previous studsludge produced were measured in terms of sludge volume index
itis known that a great portion of lignin derivative aromatic group&SVI1) and sludge cake resistance (SCR).
presentin wastewater of chlorination unit of the Dalaman Cellulose Two selected levels of alum and clay concentration were
Production Plant has a molecular size greater than 30 000 g/gretldied in combination (Table 2). These levels were selected onthe

MW (Gokcay et al., 1996). basis of results obtained with sole alum and clay applications as the
doses that yield maximum colour removals. The results of these
Source and types of clays experiments are not presented here.
Clays, namely, sodium-bentonite, calcium-bentonite, beige sepiolite
and brown sepiolite, that are obtained from the Institute of Mineral TABLE 2
Research and Exploration, Turkey (MTA) were crushed and sieved Selected levels of alum and clays
to two different mesh sizes. Na-bentonite was available only in one
size (200 mesh) (Table 1). Alum or clay Low level (mg/ ¢ | High level (mg/ ¢)
Alum 200 300
TABLE 1 BrS 400 2000
Particle size of the clays tested BS 200 1000
NaB 100 1 000
Clay type Clay mesh size CaB 100 1000
Brown sepiolite (BrS) +65 and 100 Results and discussion
Beige sepiolite (BeS) + 60 and 100
Sodium-bentonite (NaB) + 200 Colour removal
Calcium—bentonite (CaB) + 100 and + 200

In these experiments, selected doses of alum and clay(s) were

appliedin combination in order to observe the effect of clay on alum

Pretreatment of clays coagulation for the removal of colour. Possible interactions expected
are:

BrS (+100), NaB (+200) and CaB(+200) were pretreated with

acids. The “dry activation process” suggested by Juang et al. Colour (lignin) — Clay interaction: Both lignin and clay are

(1997) was applied. The acid treatment has the effect of removing negatively charged, therefore an interaction between them is

cations from the crystal structure to give a clay with improved difficult. Colour removal could occur by the adsorption onto

porosity and higher surface area which enhance adsorption capacity, the clay surface due to its large specific surface area.

and enhanced chemical properties such as ion exchange capacityColour (lignin) — Alum interaction (Hydrophilic colloid-

and catalytic activity (Kendall, 1996). coagulant): Colour-alum interaction results in the formation of
flocs and colour is either precipitated or adsorbed by them.
Analysis e Clay-colour (lignin) — Alum interaction: Clays of the type

bentonites and sepiolites increase colloidal concentration and
The colour was measured as Pt-Co unit by usinga HACH DR/2000 interparticle contacts. So, destabilisations by adsorption and
Spectrophotometer that had been calibrated against platinum- charge neutralisation become possible even at lower dosages of
cobalt (Pt-Co) colour standards. The sludge volume index of coagulant.
samples was determined accordingtandard Method§1995).
The specific cake resistance of sludge was determined by conduct®gjour removal results obtained are presented in Fig. 1 in a
batch filtration tests. comparative manner. As can be seen from this figure, in general,
the removal of colour was increased by the addition of clay(s)
together with alum when compared to the addition of alum alone.
Combinations with higher alum dosages yielded higher colour
removals compared to those with lower alum dose in all cases. This
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Figure 1
% Colour removal vs. (a) NaB+alum; (b) CaB+alum; (c) BSR+alum, (d) BS+alum dose

was attributed to the relatively higher colour removal value obtainedkttleability of sludge
at higher alum dose, namely 300 mglone. On the other hand,
the stimulatory or positive effect of clay on colour removal wa order to observe the settling characteristics of the sludge produced,
more observable at combinations with lower alum dose than &YI determinations were carried out. The results obtained are
those with higher alum dose. It was interesting to observe that teisown in Fig. 2. As can be seen from this figure, SVI values
stimulatory effect was almost independent of the clay type, clasgnproved remarkably when alum was introduced together with
mesh size and activation (Fig. 1a, b, c, d). In fact, based on ttlay(s), compared to alum addition only. This improvement was
findings of Kendall (1996), it was our expectation that the colounuch more noticeable at combinations with high clay dose.
removal could be improved with acid activation. However, it did  Figure 2a presents the results obtained for the clay NaB(+200).
not. This could be attributed to the superior effect of alum compar@the beneficial effect of NaB(+200) increased considerably with
to clay on colour removal. acid activation (Fig. 2a). It can also be seen from this figure that
300 mgf alum dose yielded higher SVI values than 20Qyegher
in single or combination cases. Therefore, it can be said that there
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SVI vs. (a) NaB+alum; (b) CaB+alum; (c) BSR+alum; (d) BS+alum dose
is a negative effect of alum on the settleability of sludge. very slightdecrease in SVl values was observed with increasing BS

Figure 2b presents the results obtained for CaB. Comparisonmésh size (Fig. 2d).
the results obtained at two different mesh sizes of CaB showed that In order to observe the settling characteristics of the sludge
the SVI values decreased very slightly with increasing mesh sizgoduced, SVI determinations were carried out. The results obtained
It was also observed that the SVI value obtained for alum are shown in Fig. 2. As can be seen from this figure, SVI values
activated CaB(+200) was lower than for alum+CaB(+200). were improved.

In the case of clay BrS, there was a slight decrease in SVI with Comparison of all clay types tested revealed that, in terms of
increasing mesh size (Fig. 2c). On the other hand, SVI valudsgree of improvement on SVI, the virgin clay types could be rated
obtained for alum + activated BrS were slightly higher than faas BS > BrS > CaB > NaB for both their high and low dose cases.
alum + BrS(+100) and slightly lower than for alum + BrS(+65)However, the activated clays exerted a different pattern, which
Comparison with NaB and CaB cases indicated that the SVI valuesries with dose. For example, for the low levels of clays, the order
for alum + BrS were lower especially for combinations with a loveeemed to be BrS > NaB > CaB, whereas for the high levels of clays
clay dose. Similar to the results obtained for CaB, no change oitaeemed to be CaB > BrS > NaB.
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Figure 3
SCR vs. (a) NaB+alum; (b) CaB+alum; (c) BSR+alum; (d) BS+alum dose

Dewaterability of sludge more pronounced in combinations with higher clay dosages. Also,
in accordance with the observations of Gala et al. (1981) who
In an attempt to observe the effect of clay addition as an aid to alaimed that sludge cakes (fine coal) formed from higher mesh
on the dewaterability characteristics of the sludge, SCRzes were more difficult to dewater and the increase in mesh size
measurements were performed. The results are givenin Fig. 3. Bfeo caused the SCR to increase. However, it should be stressed
SCR determinations were also carried out for the sludgéere thatthe sludge materials compared are different, so the effects
corresponding to alum doses only, namely 200 and 300 figé  are not directly comparable.
SCR of the former and latter alum dose was determined to be Figure 3a shows the results obtained for NaB, with and without
1.21*10#and 0.99*18*m/kg, respectively. These values are clos@retreatment, in combination with alum. It is noticed that the
to those reported by Degremont (1991). addition of clay resulted in a decrease in the SCR values, except for
As can be seen from Fig. 3, the clay addition exerted a positi¥@0 mg/ clay + 200 mg/alum combination, at which almost no
effect on the dewaterability of the sludge, in general. This is similafteration was observed. This improvement observed is contrary to
to the observation by Degremont (1991). This improvement walse findings of Piirtola et al. (2000) who reported a negative effect
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of NaB on the alum sludge filterability. A comparison betwee@HRISTOSKOVA SG and LAZAROV LD (1988) Electrochemical method
activated NaB and virgin NaB cases revealed that the activation did for purification and discolouration of cellulose-paper industry
result in the remarkable decrease in SCR. Also, for the other WastewatersEnviron. Prot. Eng.14(3-4) 69-76.

combinations, acid activation yielded greater decreases in SGRCREMONT (1991)Water Treatment Handbodth edn.)vol 1-2,

Paris.
compared to no pretreatment. DUGAL HS, CHURCH JO, LEEKLEY RM and SWANSON JW (1976)
The SCR values for the combinations of alum and CaB are cojoyr removal in a ferric chloride—lime systefAPPI J. 59 (9)
given in Fig. 3b. The positive effect of CaB addition was obvious 71-74.
in the SCR values. A comparison between two mesh sizes studixirON D, CHANG HM and KIRK TK (1980) Fungal decolorization of
showed that there is a slight increase in SCR values with increasing kraft bleach effluentsSTAPPI J. 63 103-106.
mesh size. However, the acid activated CaB(+200) caused the SGARA HB, KAKWANI R, CHIANG SH, TIERNEY JW and KLINZING
values to increase at low clay dose cases, whereas a slight decreas;i@‘fcrﬁgls?6 Z.”Ct);a]t_lgfl aln6d32dewatermg of fine coabep. Sci. and
WasT?lzsgglgc::stl}lTse f?)lrg Igrgzyred gfgs(;ﬁ:ds.in Fig. 3c. An increagé) KCAY CF and DILEK FB (1994) Treatment of Eﬁluems. from hemp_
. o . LT based pulp and paper industry Il. Biological treatability of pulping
in SCR was observed with increasing mesh size. The SCR values o ents Water Sci. Technol29 (9) 161-163.
of acid activated BrS + alum combination were higher than thoggokcAy CF, YETIS U and DILEK FB (1996) Final Report of
of virgin BrS at high clay doses, whereas almost no effect of acid Characterization and Biological Treatability Project for Turkish State
activation was observed at low clay dose cases. Pulp and Paper Industry (SEKA) Chlorinated Wastewzeogect No
Figure 3d presents the results obtained for BS in combination 93-03-11-01-09, METU Environ. Eng. Dept,, Ankara, Turkey.
with alum. As can be deduced from this figure, the SCR valud®YCE TW, DUBEY GA and WEBB AA (1979) The effect of biological
were improved at high clay doses compared to alum only. At low treatment on the lime precipitation colour removal procE&BPI J.

clay dose combinations almost no, or only very slight effect w 62(12) 107-109.
obgerve p ’ y very siig 3%)ANG RS, WU FC and TSENG RL (1997) The ability of activated clay

. . . . for the adsorption of dyes from aqueous soluti@mviron. Technol.
The clays used in this study could be rated for their ability to  1g525-531.
improve the sludge dewaterability in descending order as CaBKENDAL T (1996)Industrial ClaysIndustrial Minerals Information Ltd.,
BrS > NaB > BS for both low and high doses of virgin clay; as CaB London.
> NaB > BrS for high doses of activated clay and as NaB > BrSLATHIA SG and JOYCE TW (1978) Removal of colour from carbonate
CaB for low doses of activated clay. pulping effluent - The calcium-magnesium coagulation pro@és3pP|
J. 61(10) 67-70.
LIVERNOCHE D, JURASEK L, DESROCHERS M and DORICA J
(1983) Removal of colour from Kraft mill wastewaters with cultures of
) ) ) white-rot fungi.Biotechnol. Bioeng5 2055-2065.
The following conclusions can be drawn from this study: MANISAVAKAM N (1987) Industrial Effluents - Origin Characteristics,
Effects. Analysis and Treatme8akthi Publication, Kovaipudur.
« Although alum was observed to be an effective coagulant ths#ANJUNNATH DL and MEHROTRA | (1981) Removal of reactive dyes
provided up to 88% colour removal, it yielded a voluminous  using alum lignin sludgendian J. Environ. Health23 (4) 309-315.
sludge with poor settling characteristics. MITTAL AK and MEHROTRA | (1981) Decolorisation of pulp and paper

«  Addition of clay alone resulted in very poor colour removal il waste using alum and clapdian J. Environ. Healtr23(3) 203-

cition 214
efficiencies. PIIRTOLA L, UUSITALO R and VESILIND A (2000) Effect of minerals

* Theuse of clay as a coagulant aid for alum improved the colour 5,4 cations on activated and alum sludge settWager Res34 (1)
removal efficiency to some extent, especially at combinations 191-195.
with low alum dose, for the clays tested. PROUTY AG (1990) Bench-scale development and evaluation of a fungal
* Ingeneral, significant decreasesin SVIand SCR were observed bioreactor for colour removal from bleach effluertppl. Microbiol.
with clay addition. The addition of clay produced a more and Biotechnol32 490-493.
compact floc with improved settling at lower alum dosages.RA?BMHNpﬁgﬁsﬁiﬁ;E% A&/t(lfg)\'\’l\;ﬁtge\’l\r’]?ter Treatmer@xford and
* Use of different mesh sizes of clays did not exert any significa S '
effect on the colour removal. Hoz//vever it did exert)gig?lifican%kOGMAN R and LAMMI R (1988) The efficiency of a biological
’ . . activated sludge treatment plant with extended aeratiater Sci. and
effects on SVIand SCR values as such thatthe increase in meshrecnnol. 20(1) 65-72.
size caused the SVI values to decrease and the SCR valuegpRINGER A (1985)ndustrial Environment Control, Pulp and Paper

increase. Industry.John Wiley , New York.
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