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CONSTRUCTION CHEMICALS PRODUCTION
WASTEWATERS TREATMENT.
PART 2. SLUDGE FROM TWO-STAGE PRETREATMENT

OCZYSZCZANIE SCIEKOW Z PRODUKCJI CHEMII BUDOWLANEJ.
CZESC 2. OSADY Z DWUSTOPNIOWEGO PODCZYSZCZANIA

Abstract: The need for two-stage physicochemical pretreatmmestilted out of necessity changes of the
BODs/COD, COD(BOR)/TN, COD(BODy)/TP and TN/TP ratios on beneficial in streams ated at final
treatment with biological methods. Hense also treatment at the second stage was carried outheéthse of
oxidation or deep oxidation methods, which waseméfid in the composition of sludge being subject to
assessment in this part of research. Wastewaters ozainly from the line of different-tonnage proihgcfugal
mass and sealing coatings, gypsum surfacers atidgyugelf-levelling compounds and grouts, paiotsfacades

of concrete structures and interiors, cements dadeg, protective and decorative plasters. The fitage
pretreatment on installations was being led applygioagulation methods based on the applicatioroofsulphate
coagulants of PIX category or the aluminium ones of A 8ategory. At the second one - oxidation with tee u
of KMnO, or Fenton's system were applied. Sludge for theessment were being allocated as a result of
dewatering them on pressurized sets of chambersgsed-or generated in this way sludge the TCLP
(Toxicological Characteristic Leaching Proceduredcedure and the risk assessment with the usesif ri
assessment code (RAC) was made. It was found ¢hvedtdred by pressure mixed sludge present low(kkiRk in
case of Cd, Cr, Cu, Ni, Pb and Zn and the modeiskgMR) concerning Mn, in case of applicationpaftassium
permanganate at the second stage of pretreatmerdsé of application of Fenton’s system at thersgéstage of
pretreatment, the mixed sludge presented low tif% €oncerning all analysed heavy metals. In acaocd with
TCLP criteria, mixed sludge from two-stage physiwmical pretreatment of process wastewaters from
manufacturing of the selected products of condtnathemicals were classed as non-toxic wastes.

Keywords: construction chemicals manufacturing, process wastrs, two-stage pretreatment, physicochemical
pretreatment, sludge, TCLP procedure, risk assegstnde (RAC)

Introduction

The necessity of double-stage physicochemical gattrent of post-production
effluents from manufacturing construction chemicaésults from the need of their
preliminary preparation before final biological dtment [1, 2]. After eliminating mainly
the dispersed phases at the first stage, the sestage includes a treatment of soluble
pollution load. Usually there are the oxidationaglvanced oxidation processes to regulate
basic indicative ratios: BOJICOD, COD(BOR)/TN, COD(BOD))/TP and TN/TP towards
achieving the values that enable the biologicalaglagsing e.g. the methods of activated
sludge in several variants of technical solutiods B-6]. While manufacturing the
construction chemicals, technological wastewategeiserated during cleaning appliances
and production surfaces. The wastewater containesgential categories of pollution load:
the contaminants of dispersed pool and the contamsnof dissolved pool [1, 2].
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The composition of pollution load and the size e¥ezal load pools in the effluents are
generally determined by the nature and purposeasfufactured products [1, 2].

Wastewater pretreatment, single- and double-stage I8 applied according to the
requirements outlined by a final recipient or iseaf the use of final biological methods in
the same production facility that generates thestiihl wastewater. In literature described
until now, the pretreatment of wastewater from gheduction of construction chemicals is
carried out using coagulation methods, mostly bylyipg a single-stage coagulation with
pH correction and final flocculation. The sepanatiaf precipitated phases is conducted
using gravity thickening and/or on filtration units, 2]. Coagulation methods belong to
relatively effective ways of eliminating the disped phases (colloids and suspensions)
at the first, physicochemical stage of wastewatstient. However, they do not allow to
eliminate the loads of the following dissolved pdCOD and BOBand the nitrogen ones
(TN and AN), as well as to reduce effectively thengral toxicity of the pretreated
wastewater caused mainly by the residues of bibsiglastances. This results in relatively
low values of BOIQ with reference to COD and the ratio BEOOD, and to the other
parameters (TN and TP) [7]. After the single-stagagulation, it is not always possible to
apply further, direct biological treatment due @ tunfavourable values of the following
relationships: BOPCOD, COD(BOR)/TN and COD(BOIR)/TP in physicochemically
pretreated wastewater, hence there is a need diticathl pretreatment using oxidation or
advanced oxidation processes (AOP) [3-6].

The aim was to estimate a risk on the basis ofatiedysis fractional composition of
selected heavy metals and TCLP (Toxicological Ctterastic Leaching Procedure)
leachability tests of a mixture of post-processshgdge from two-stage physicochemical
pretreatment of technological effluents. In theesgsh, it was focused on the analysis of
fractional contents of such heavy metals such dsGE, Cu, Ni, Mn, Pb and Zn. As a part
of this research, it was also compared the resildtained with TCLP method with the
values determined for risk assessment code (RACh sludge generated after applying
KMnQ, at the second stage of the wastewater pretreatment

Experimental part

Basic characteristics of the place of post-proaegsiludge generation
and sampling

Sludge from the first and second stage of physiendbal pretreatment were
generated in the full technological scale installzsd, two-stage pretreatment of processing
effluents of technical characteristics presentetiahle 1 and in daily flow capacities up to
30 n? (installation D) and up to 25 dn(installation E) [7]. These installations were
designed for the needs of mixed processing effuiémm different tonnage production
divisions of building industry chemicals, includittie production of water-based pains and
silicone plasters for the fagades of concrete #ires and interiors, protective and
decorative plasters, gypsum surfacers and putiiesvell as self-levelling compounds and
sealing coats. The raw processing effluents ofcbelsaracteristics shown in Table 2 were
flown down gravitationally to the first ground raten basin, in which their averaging was
conducted with pumps and bypasses, and then thegtment was carried out according to
the sequences given in Table 1. Sludge precipitateidthickened by flocculation after the
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first and second stage, were pumped into a comradical thickening tank and then, after
metering additional doses of flocculant and thickgnonto the pressurized sets of plate
and frame chamber filter presses. Pressure dewlageoeips of sludge were marked for the
individual installations of double-stage pretreatin@ith indices, respectively, shown in

Table 3.

Table 1
Basic characteristics of double-stage wastewat#rgatment installations
No. | Installation Installation setup and pretreatmert method [7]
1 D The installation included:

a) the first stage: a coupled unit of vertical dulveactor with a central
cylindrical-tapered processing reactor equipped witlow-speed frame agitator
stations metering the reagents which were the viatlg coagulants: iron(lll)
sulphate based PfXor aluminum based Al%Sand 0.3 % aqueous solution pf
flocculant 8398 Optifloc Cytec Industriec Inc. Kgral Sp z 0.0.;

b) the second stage: the cylindrical-tapered diddareactor fitted with a low-spee
frame agitator, stations metering the reagents%3@queous solution of 280,
3.5 % aqueous solution of KMnCand 30 % aqueous solution of NaOH).
The dewatering set of post-processing sludge wasnmm and included
a vertical thickening tank to which a flocculantsvmetered, and a pressurized
chamber press.

The course of physicochemical pretreatment:

e the raw sludge averaged in the ground basin weneppd through the 1st stage
cylindrical-tapered reactor directly onto the reactwith metering the acidi
coagulant (PIR 113 or PIX¥ 122 or ALS) into the tube reactor in doses tHat
enable the treatment environment obtaining a deevef the reaction at the level
of pH = 7.8-8.5 under the conditions of circulatioh the effluents within the
volumes of these reactors;

e the flocculation was conducted by metering 0.3 #@utoon of flocculant
(8398 Optifloc Cytec Industriec Inc. Kemipol Sp zo09 directly onto the
cylindrical-tapered reactor;

e after sedimentary separation of the sludge phase the over-sedimentary phase,
the recent one was pumped onto the 2nd stage @adagactor to which 3.5 9
aqueous solution of KMnQwas metered, previously acidifying the environment
with 30 % aqueous solution of ,80, to obtain the reaction level within
pH =3.5-4.0;

e  after oxidation, the neutralization was made byemieg 30 % solution of NaOH i
doses to enable the reaction to achieve pH = 8,0-8.

e the flocculation of dispersed phases was conduayeahetering 0.3 % solution of
flocculant (8398 Optifloc Cytec Industriec Inc. Kignmol Sp. z 0.0.) directly ontg
the reactor;

e thickened in the two stages of the pretreatmeme wiéscharged onto the vertical
thickening tank equipped with a low-speed frame teagi, to which
0.3 % aqueous solution of flocculant (8398 Optiftoytec Industriec Inc. Kemipo
Sp. z 0.0.) was metered and then, after addititmiekening by flocculation the
sludge were supplied onto the pressurized dewatseh

2 E The installation included:

a) the first stage: a coupled unit of vertical dulveactor with a central
cylindrical-tapered processing reactor equipped witlow-speed frame agitator,
stations metering the reagents which were theiitig coagulants: iron(lll) based
PIX® or aluminium based Al% and 0.3 % aqueous solution of flocculgnt
8398 Optifloc Cytec Industriec Inc. Kemipol Sp..».9

b) the second stage: the cylindrical-tapered didda reactor fitted with
a low-speed frame agitator, stations metering Festreagents (acid solution @

joN
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No. | Installation Installation setup and pretreatmert method [7]
FeSQ in H,SO,, 30 % solution of KD, and 30 % solution of NaOH).
The dewatering set of post-processing sludge wasnmmm and included
a vertical thickening tank to which a flocculantsvmetered, and a pressurized
chamber press.

The course of physicochemical pretreatment:

e at the 1st stage of the pretreatment, all operatand elementary processes were
conducted in the same way as for installation D;

e when sedimentary separation of sludge phase dnensediment phase was made,
the recent phase was pumped onto the 2nd stagatiexidreactor to which the
acidic  solution of FeSO was metered in doses to obtgin
pH = 2.5-3.0, then 30 % aqueous solution gbHvas metered;

e after oxidation, the neutralization was made legaring 30 % solution of NaOH in
doses to enable the reaction to achieve pH = 8,0-8.

e the flocculation of dispersed phases was condueyemetering 0.3 % solution gf
flocculant 8398 Optifloc Cytec Industriec Inc. Kgmal Sp. z 0.0., directly onto th
reactor;

e the sludge thickened by sedimentation in the stages of pretreatment we
supplied onto the vertical thickening tank equippeih a low-speed framg
agitator, to thicken them finally by flocculatiom idirected to the pressurize
dewatering set.

1)

(0]

o

Table 2
Basic characteristics of raw effluents treatechminstallations D and E

No. | Installation Effluent origin Characteristics > (median)®
"and Silcone plastrs i fagades of conergie — PH.= 92121103
structures and interiors, as well as decorative C-[)Ss _: f1759964f§§239(3223322
1 D gypsum finishing agents and pultties. In lower BOD_ - 283; 9 620 3 207 3' )
volume fraction from high-tonnage production 37 -9-620.3 (407.3)
A TN = 20.4-202.5 (98.7)
of cements and glazes, as well as self-levelling TP = 6.6-40.2 (13.7)
compounds and grouts. ) ) )
Mainly from the low-tonnage production of
water-based paints and silicone plasters for|the pH =8.9-11.7 (10.8)
facades of concrete structures and interiors TSS = 670.4-6048.0 (4804.9)
cements and glazes, protective and decorative COD = 1870.9-4803.9 (3772.0)
plasters. In lower volume fraction from mediym- BODs = 209.6-503.8 (345.9)
tonnage production of gypsum surfacers and TN = 32.5-122.0 (78.9)
putties, as well as self-levelling compounds and TP =2.2-26.8 (17.4)
sealing coats.

¥ parameters TSS, COD, BQOIN and TP were given in [mg/dmn

 determined acc. to the following standards, resyelg: pH (PN-EN ISO 10523:2012) [8], TSS (PN-EN
872:2007) [9], COD (PN-ISO 15705:2005) [10], BO®N-EN 1899-1:2002) [11], TN (PN-EN 12260:20042]1
and TP (PN-EN ISO 6878:2006) [13]

9 median (“middle value”) () of the order: ¥

Test specimens of sludge were sampled after pieedudewatering (up to 12 atm.)
using frame chamber filtering presses. The sludgecimens were submitted to the
procedures of fractionation by 5-step sequentialagiion acc. to Tessier's methodology
[14] and TCLP [15], and then the determination @fi@entrations of selected heavy metals
was made. Table 3 presents the established indi€emarkings for the individual
post-processing sludge categories.
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Table 3
The genesis and the markings of sludge dewater@ddsgure, generated in the installations: D and E
No. | Installation Reagents used in the pretreatment stagés® Marking of mixed sludge
a) The 1st stage:
e coagulants: PIX113 or PIX¥ 122, or ALS DCrix 113 - OX(KMNQy)
1 D b) The 2nd stage with oxidation: DCeix 122 - OX(KMNOy)
e oxidiser 3.5 % aqua solution of KMRO DCas) - OX(KMnQy)
® 30 % solution of NaOH
a) The 1st stage:
e coagulants: PIX 113, PIX¥ 122, or ALS ECepix 113 - OX(Fs)?
2 E b) The 2nd stage with deep oxidation: ECepix 122) - OX(Fs)?
e Fenton system (FeS@ H,SO, and 30 % HO,) ECacs) - Ox(Fs)?
e 30 % NaOH

3 the sludge were obtained using commercial coatgilarade by Kemira Kemipol Sp. z o.0., of detailed
characteristics given in [16]

P at 1st stage, only acidic sulphate coagulants weeel to reduce a risk of molecular chlorine getfmraand

a synthesis of chloro derivative compounds at 2adation stage of the pretreatment

% in each case, the same 0.3 % solution of floc¢i8888 Optifloc Cytec Industriec Inc. Kemipol Spon. was
used to thicken the precipitated dispersed solasph

9 Fs - Fenton system (used at the 2nd stage ofrétiesgtment)

Procedure of TCLP leaching tests

The evaluation of mixed and pressure dewatered gsluffom double-stage
physicochemical pretreatment of the post-productiastewater from “non-anhydrous”
samples were performed according to TCLP methogoddd) SEPA Method 1311 [15] by
the determination of leachable forms of metals sashCd, Cr, Cu, Mn, Ni, Pb and Zn.
Final determinations in the extracts were made qusiobin Yvon EMISSION JY 38S
ICP-OES emission spectrometer and the standarthéodetermination of metals: EN 1SO
11885:2009 [17]. The proceedings used in TCLP leackprocedure included steps
presented and characterised in Table 4 of thegparbf this study.

The analysis of fractional composition of seleateztals
according to Tessier's procedure

Sludge dewatered by pressure in chamber pressgsd ni the thickening tank, were
submitted to sequential extraction consisting itedaining five fractions in accordance
with Tessier’'s basic procedure specified in iterd][1For the extraction 100.0 g of
“non-anhydrous” samples of sludge were used in tgglications. The conditions of the
sequential extraction were the same as given irstuglies [18-21].

Results and discussion

The necessity of the use of double-stage physicoida pretreatment of processing
effluents from the production of construction cheaté results from the need to prepare the
wastewater flow of the remaining and dissolved yih load after the first pretreatment
stage which has to be biodegradable to possiblyhtbbest degree at a final stage of
biological treatment. This applies, in particular the wastewater from the manufacture of
the products of more complex chemical compositind a significant participation in the
total pollution load of the pool of compounds amdsobstances soluble in the aqueous
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phase. The processing wastewater from the manuéaocdtfi a very wide range of
construction chemicals in the total pollution lodd, simply put, include primarily the
dispersed particles of different type basic sulistanand the so-called additives and
admixtures from the production lines such as frawa production of paints for different
purposes, varnishes and cleaning agents, adhefivetiles and styrofoams, grouts,
primers, floor underlays, waterproof membranesicailes, impregnating agents etc.
[22-25]. Another composition can have the wastewgiten the production of all kinds of
plasters and mortars [26-30]. Still another typdspollutions may their origin in
manufacturing admixtures and additions for consreéd waterproof, anti-freezing,
colouring renders, retarding or accelerating th&inge of cement paste [22]. The general
and processing effluents from such productions liyseantain predominant amounts of
colloids and suspensions of varying stability dedie 31]. This group contains generally
mineral fillers: chalk, dolomites, titanium whitéalcum, kaolin, silica dust and mica
[32-35]. This group of chemical compounds and saufxsts is mainly separated at the 1st
stage of wastewater pretreatment and does not forynessential part of the effluent
dissolved load. At the level of much lower concatitms but significant in the aspect of
the choice an optimal wastewater pretreatment ndetive the substances the origin of
which is from plasticisers, e.g. sodium and/or neejum lignosulphonates [36]. The group
of super plasticisers may include sulphonaned madre and melamine polycondensates,
starch hydrolyzates and polycarboxyethers, thatiotta pool of dissolved load [37, 38].
From the quick-set admixtures: calcium nitrate aradcium chloride, and from the
hydrophobizing agents: calcium stearate [39, 40pn¥ the group of air-entrainers:
synthetic tensides and modified root resins thathrhe dissolved load of pollutants in the
processing effluents [41]. Colouring admixturegy(péents) are the source of heavy metals
(e.g., Cr, Cu, Ni, Ti) originating mostly with these of these metals. Biocides protect
construction chemicals, but in the effluents thigyi§icantly increase their general toxicity
[1, 42]. In the total pollutants load may also sidues of non-reacted resins: acrylic,
epoxy, epoxy-polyurethane, polyurethane, polyestetinyl [43].

For evaluated pressure dewatered groups of sluttge,analytically determined
leachability level of metals was recorded at love#ihold of the values, and the contents of
e.g. Cd, Cr and Pb was below the determinatiort lifhithe method used to make analyses.
At the same time, the concentrations of randomlgcsed samples of raw effluents were
recorded only in a few cases at trace levelsbemw 0.2 mg/drh Pigments constituted the
main source of heavy metals in the investigatedevester. Their contents in the total mass
of dispersed fractions was at trace level, whicls wlaserved by the recorded low levels of
concentrations or the levels below the determimatimit of analytical method used for
guantitative determination. The results of the pohre made acc. to TCLP methodology
[15] indicate the manifestly more stable mixed gleidhat were obtained using Fenton’s
system at the 2nd oxidation stage of the pretreatridne leachability recorded for some of
analysed samples, was at the level not exceedidgm@/dni, and the concentrations
determined above the limit of determination for @y, Ni or Zn, were stated for
post-processing sludge, for which pH values ofdilts determined during sampling were
within the range 7.0-7.5. The higher pH of the mdix@udge in the thickener favours
bonding these metals in the mass of sludge antheatame, minimizes their leachability
from the dehydrated sludge in the filtering presdemctically, it should be aimed to
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maintain higher pH in the tank designed to thickem sludge before their discharge onto
the set of pressure dewatering. In the case ofyusamton’s system, the dewatered sludge
of a significantly lower total leachability levef beavy metals were achieved. The use of
this system at the 2nd stage of the pretreatmenttsein the occurrence also some amount
of residual hydrogen peroxide in the thickeningktalts presence in the mass of mixed
sludge can generate the forms of metals more @ddasd more prone to precipitate in this
processing volume, reducing their leachability frtme after-filtering sludge cakes. This
phenomenon may include some of the analysed matalsthe transformations with the
participation of HO, can be shown with the following simplified scheme:
M*® + H,0, — M™® *¥ where: M®: CU', Ni*?, Mn*? or P2, whereas x - means a numeric
increase in the oxidation state under the effedd,. In the case of Cr this phenomenon
can be reversed and may result in the occurrenceooé difficultly precipitable forms of
Cr®*, and thus more leachable ones.

Table 4
Examples of concentrations of leachable metalferbasis of TCLP procedure for pressure dewateneedm
sludge generated as the result of two-stage, phgfsénical pretreatment of effluents discharged ftioenselected
production of construction chemicals

Results of TCLP [mg/dn?] @
Samples (sludge type) Cd Cr Cu Ni Mn Pb Zn
1. DGpix 113 - OX(KMnOy) ND ND ND 0.017 4.85 ND ND
2. DGpix 113) - OX(KMnQy) ND 0.037 | 0.067 | 0.088 9.88 ND 0.11
1. DCpix 122~ OX(KMnOy) ND 0.008 | 0.059 | 0.083 7.03 ND 0.101
2. DGpix 122 - OX(KMnOy) ND 0.062 ND ND 5.81 ND 0.107
1. DGavs) - OX(KMnOy) ND ND ND ND 2.89 ND ND
2. DCacs) - OX(KMnQy,) ND ND ND 0.064 1.63 ND ND
1. EGpix 113 - OX(Fs)™ ND ND 0.11 0.019 0.09 ND ND
2. EGpix 113 - OX(FS) ND ND ND ND ND ND ND
1. EGpix 113 - OX(Fs)™ ND ND 0.101 | 0.031 0.11 ND ND
2. EGpix 113 - OX(Fs)*™ ND ND 0.069 ND 0.08 ND 0.069
1. EGpix 122 - OX(Fs)™ ND ND 0.044 ND ND ND 0.063
2. EGpix122)- OX(FS) ND ND ND ND ND ND ND
1. EGacs) - Ox(Fs)® ND 0.017 | 0.027 ND 0.16 ND 0.011
2. EGas) - OX(Fs) ND ND ND ND 0.05 ND ND

¥ ND - below the method determination thresholdzior Pb, Cu and Ni

P Fs - Fenton system (used at the 2nd stage ofréteeptment)

9 the reactions (pH) of filtrates after the presseaecorded at levels, respectively: c1) 7.14 &) 37

9 in those specimens after the oxidation with Fersigstem, no neutralisation was made and the asldidge
were directed into the thickening tank before thespure dewatering, whereas the pH of the filtngte measured
during sampling and was as follows: d1) 7.11, d3pyd3) 7.18, d4) 7.03, and d5) 7.46

High concentrations of manganese in the extractsiroed in the mixed sludge that
were generated as the result of the applicatioiMhO, at the 2nd stage of the oxidation
pretreatment. Recorded concentrations of leachfabfies may be a result of coordination
of Mn at it state (II) by ligands present in thevieanment, e.g. mineral ligands from pool
F1, mainly sulphate ions (IMn(SR]%? ~ 2™ where: m - number of binding sulphate
ligands) and carbonate ions ([Mn(©@“? ~ 2™ where: n - number of binding carbonate
ligands), which are the result of oxidation and enatisation of organic fractions to GO
and the generation of the coordination forms of HC@articularly C@*, that form the
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essential part of pool F2. The organic ligandsnipea part of pool F4, were probably
a source of the generation of low-molecular proslast a result of the oxidation of organic
components in the dissolved part of the load digmthfrom the 1st stage onto the further
stage of their treatment. In view of the finding thresence of manganese at +2 oxidation
state, the coordination forms of this metal in pgélmay have their general complexion of
(IMn(R),]** 2 where: R - organic ligands that are the prodotisxidation by KMnQ,

u - number of binding ligands R,- valency of ligand R). In these two processintuntes
there are generated various coordination form&efallowing type: [Mn(R).]** *? and
IMN(Ry)s]®*2 * 2, where: A and B - number of binding ligands, respely, R, and R,

al - valencies of organic ligands from group, Renerated in the oxidation reactor,
a2 - valencies of organic ligands from group, Rienerated in the thickening tank.
Transformation products of the stages of wastewplsisicochemical pretreatment that
may be formed at the final phases of sludge prauogsare probably generated in
accordance with the following simplified schemegsdtd (2):

a) inthe 2nd stage oxidation reactor:

MnO, + OFs— OPs (including the forms fromRroup) + MnQ, (1)

where: OFs - organic fractions of the load aftee thst stage of physicochemical
pretreatment, OPs - oxidation products of orgarsctfons;
b) in the thickening tank (where the residual reiducof MnO,, occurs to obtain M

in the mixed sludge), before dewatering in the gires

WM + AR, + BR, — [M(RJAL™ ™ * 2+ [Mn(Ry)g] ® ™2 2
+ (v — (A + B)) Mrf*- (F1 + F2) )
where:y, A and B - numbers resulting from the rules oigdtmmetry for Mn(ll), binding
ligands R and R, R, - fractions which are oxidation products using K®nat the 2nd
stage of pretreatment,,R fractions that are the products of transformregion the mixed
sludge occurring in the thickening tank, #n(F1 + F2) - manganese(ll) contained in
fraction pools F1 and F2.

The group of oxidation products,Bnd the group of transformations in the thickening
tank R, may be a significant part of the determined pdbfraction F4 of manganese
leached from the sludge mixed in the thickeningtand separated when KMpQrable 5)
was applied at the 2nd physicochemical stage ofvistewater pretreatment.

In a typical proceeding to assess the potentiéil tle quantity of metals bonded in
mobile fractions, i.e. the total of exchangeablel aarbonate fractions are taken into
account instead the total contents of metals whrehlisted in Table 5 for the investigated
sludge samples [44, 45]. The nature of waste tyxiniaccordance US EPA is determined
by the level of Pb concentration and on this basisste category is defined. In all samples
of the analysed groups of sludge: DC - Ox(KMh@nd EC - Ox(Fs) no exceedance of
limit value for leachable Pb (5.0 mg/@mndecisive of toxicity in accordance with US EPA
criterion, was analytically found. This not only aargument for the effective
physicochemical processing wastewater treatmenhnt#ogy, but also demonstrates
acquiring the post-processing sludge of a low lehdity level. It also indicates
an opportunity to consider a further use of themtf® purposes of commercial nature.
Therefore, in this case, the speciation forms ddtexd using fractional analysis are
essential to estimate a potential lability, mopiliand toxicity of analysed metals.
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The quantitative distribution in different fractimnpools, determined using sequential
extraction in accordance with Tessier's procedumsyvides an estimate for their
availability and informs about the risk associatgth the potential migration of metals into
the aquatic environment.

Table 5
Fraction content [%] of manganese determined uBessier's procedure in pressure dewatered mixettysiu
from the 2nd stage processing effluent pretreatrnient the production of construction chemicals #ralrisk
assessment code (RAC) assumed for the case wherittagion using KMnQwas applied

No. Sludge type” F1 F2 F3 F4 F5 YF1+F2 RAC®
1 1. DC(p|x 113) - OX(KMnO4) D 6 10 ND 13 71 16 MR
2. DGpix 113 - OX(KMnQy) ? 2 9 2 17 70 11 MR
2 1. DQPIX 113) - OX(KMnO4) E 7 11 1 8 73 18 MR
2. DGpix 113 - OX(KMnQy) ¥ 9 9 3 17 62 18 MR
3 | 1 DGeix1zz- OX(KMnOy) % 7 9 9 6 69 16 MR
2. DGpix 122 - OX(KMnQy) © 3 4 ND 16 77 7 LR
4 | 1 DGpix 1z~ OX(KMnOy) 7111 8 2 10 69 19 MR
2. DGpix 122 - OX(KMnQy) @ 7 7 4 16 66 14 MR
5 1. DGavs) - OX(KMnOy) © 12 8 5 7 68 20 MR
2. DGais) - OX(KMnQ,) 19 4 14 2 15 65 18 MR
6 1. DCacs) - OX(KMnQy) ** 2 11 ND 18 69 13 MR
2. DCais) - OX(KMnQ,) *? 13 7 ND 8 72 20 MR

¥ individual fractions were marked, respectively: [€kchangeable), F2 (carbonate), F3 (Fe-Mn oxidest),
F4 (organic) and F5 (residual)

") adopted indices: D 113 - OX(KMNO,), DCpix 122 - OX(KMNOy) or DGavs) - OX(KMnQ;), mean respectively
the mixed sludge obtained: using the coagulatiothatffirst stage with acidic sulphate coagulantX:®P113 or
PIX® 122, or ALS and oxidation at the second stage using Kiiin@he acidic environment

° adopted indices mean, respectively: MR - mediwk aind LR - low risk

1-)the reaction (pH) of filtrates directly after theess, measured during the sampling of sludgee&is twas as
follows: 1) 8.7 £0.2, 2) 7.9 #0.1, 3) 8.3 0.1, 8% #0.2, 5) 8.6 +0.1, 6) 8.4 0.2, 7) 9.1 +0.1,93 #0.2,
9) 9.5+0.1, 10) 8.8 +0.1, 11) 9.0 #0.1 and 12)&

The results compiled include the assessment of geludrom double-stage
physicochemical pretreatment of processing efflaieinom the production of selected
construction chemicals and are a part of a scopalofs that was recorded in an actual
system when mixed general and technological wastewaade streams from different
tonnage productions in the most part, such aseptive and decorative plasters, gypsum
surfacers and putties, self-levelling compounds grolits, paints for fagades of concrete
structures and interiors, cements and glazes. @hdts presented here should be regarded
as the orientation level that is obtained for skidbgeing a secondary effect of
physicochemical treatment of processing effluemtsnf the production of construction
chemicals - the assortment group that is poorhcritesd in literature. The double-stage
pretreatment is a complex way of processing ands itoperated in the developed
installations. The reagents used, apart from tlstohi of which they introduce to the
stream of wastewater, e.g. in a form of anions s&ducoagulants, undoubtedly generate
considerable fractions of sparingly soluble produwafthydrolysis with a developed surface
and sorption properties of metals, which may alffect the final level of leachability
results. It should be noted that an important aspec practice that determines the
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leachability level is the control of pH of mixedudbe in the thickening tank before their
pumping onto chamber filtering presses.

Conclusions

The sludge mixed in the thickening tank, generafsdthe result of two-stage
physicochemical pretreatment of effluents from fimeduction of construction chemicals
and dewatered in pressurized chamber filteringge®sare particularly characterised by:

- very low leachability levels of heavy metals imetcase of application of Fenton’s
system at the second stage of effluent pretreatment

- elevated leachability level of Mn in the caseusfng potassium permanganate at the
second stage of effluent pretreatment;

- minimally increased tendency of metal detectthilin particular: Cr, Cu, Ni and Zn,
in cases where neutralization was not applied dfterphase of the oxidation with
Fenton’s system at the second stage of wastewattreatment.

It should be noted that an important aspect is ¢mitar the reaction (pH) of mixed
sludge in the thickening tank before their pumpardo the chamber filtering presses in
order to maximally precipitate them and to condoitier residual reduction processes,
e.g. using sorption and ion exchange of the resiquantities of heavy metals after the
operations of neutralisation and coagulation.

Mixed streams of post-processing sludge might lassified in accordance with the
risk assessment code (RAC) as not involving riskeispect of determined metals while
using Fenton’s system at the 2nd stage of the pbgsemical wastewater pretreatment,
and of a low risk for aquatic ecosystems against iNlrthe case of using potassium
permanganate at the 2nd, oxidation stage.
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OCZYSZCZANIE SCIEKOW Z PRODUKCJI CHEMII BUDOWLANELJ.
CZESC 2. OSADY Z DWUSTOPNIOWEGO PODCZYSZCZANIA

Wydziat Technologii i lidynierii Chemicznej, Uniwersytet Technologiczno-Rmniczy, Bydgoszcz

Abstrakt: Potrzeba fizykochemicznego podczyszczania dwustemyo wynikata z konieczsoi zmiany relacji
BZTs/ChZT, ChZT(BZE)/N, ChZT(BZTs)/P i N/P na korzystne w strumieniach kierowanyach kamcowego
oczyszczania metodami biologicznymi.aéttez w podczyszczaniu na drugim stopniu zastosowanadyet
utleniania lub gibokiego utleniania, co znalazlo swoje odzwierciemlew sktadzie osadéw poprocesowych
poddanych ocenie w niniejszejeézi pracy.Scieki pochodzity gtéwnie z linii rénotonaiowego wytwarzania mas
fugowych i powlok uszczelniggych, gtadzi gipsowych i szpachlowych, zapraw sama@pmupcych,
wodorozciéczalnych farb i tynkéw silikonowych do elewacji kstrukcji betonowych i wetrz, zapraw klejcych

i glazur, tynkéw ochronnych oraz ozdobnych. Naadlatjach podczyszczanie pierwszego stopnia prowexzo
stosujc metody koagulacyjne oparte na wykorzystaniu sarowych koagulantowelazowych klasy PIX lub
glinowych klasy ALS, na drugim natomiast utlenianie za pom&®nO, lub uktadem Fentona. Osady do oceny
wydzielano w wyniku ich odwadniania na zespotadmieniowych pras komorowych. Dla tak generowanych
osadow przeprowadzono procegluFCLP oraz wykonano ocenryzyka, stosujc kod RAC. Przyto, ze
cisnieniowo odwodnione osady mieszane wykaaigkie ryzyko (LR) wzgidem Cd, Cr, Cu, Ni, Pb i Zn oraz
umiarkowane (MR) wzgledem Mn w przypadku stosowanadmanganianu potasu na drugim stopniu
podczyszczania. W przypadku stosowania uktadu Rent@ drugim stopniu mieszane osady charakterygowat
sie niskim ryzykiem (LR) wzgidem wszystkich analizowanych metalgatiich. Zgodnie z kryteriami TCLP
mieszane osady z dwustopniowego fizykochemicznemirzyszczanidciekdéw technologicznych z produkcji
wytypowanego asortymentu chemii budowlanej skl&syfiano jako odpady nietoksyczne.

Stowa kluczowe:produkcja chemii budowlanej,scieki technologiczne, dwustopniowe podczyszczanie,
podczyszczanie fizykochemiczne, osady, test TCbH,dceny ryzyka (RAC)



