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Abstract: Latvia is the biggest producer of plywood in Eastern
Europe. One of the stages of raw material preparation is
hydrothermal treatment of birch wood. Wastewater from
plywood hydrothermal basin is characterized by the high degree
of contamination. The basic contaminating components of this
wastewater are lignin, hemicellulose and extractives of wood
(LES), which are the main reason of a high level of chemical
oxygen demand (COD) and color of water. The aim of this work
is to find out the regularity of coagulation of LES with inorganic
coagulants — aluminium salts in the wide range of pH and
concentrations. The efficiency of LES coagulation was defined
after 2 hours of the system settling and filtration. The colloidal
stability and coagulation of LES in the presence of aluminium
salts was studied by spectrophotometry method. It is set that at
the use of Al,(SO,); with an optimal dose 115 mg/l and pH
environment 5.0, LES educing is 81.4%. An optimal dose and pH
for AICI; are 65 mg/l and 6.0, and here the LES educing is 82.8%.
In the presence of PACI with an optimal dose of 100 mg/l and pH
environment 6.0, LES educing is 79.8%. Efficiency of coagulation
method is regulated by the dose of coagulant and pH
environments. Correct choice of these parameters can
substantially intensify the process of wastewater of hydro basin
of plywood production purification based on the method of
coagulation.
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I. INTRODUCTION

The problems of environment protection and rational use of
natural resources remain the issues of the contemporaneity.
The main problem of the plywood industry enterprises is
wastewater cleaning and development of the maximally
repeated water consumption. From the other side, low-
molecular compounds that emerge as a result of wood
hydrothermal treatment, can be of interest for obtaining
adhesives and functional additives for composite materials [1,
2].

One of the stages in the preparation of raw material for
plywood production is the hydrothermal treatment of birch
wood. Wastewater from plywood industry of hydrothermal
basin is characterized by the high degree of contamination as
it contains wood originated pollutants — low-molecular
fragments of lignin, hemicellulose and extractive of wood
(LES). Even the most advanced technologies do not allow to
utilize these co-products entirely, and they remain in
wastewater in significant quantity that gives them the specific
colouring and high value of chemical consumption of oxygen
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(COD). LES present a considerable danger for the ecosystems
of natural aquatic objects, because they are direct
contamination source that is related to the change of their
colloid-chemical state in the aquatic systems. Streams
containing LES create considerable difficulties in the
traditional methods of biological purification and require the
additional stage of physical and chemical treatment
(coagulation) providing fault norm, and also possibilities of
return of them in the main technological cycle. Problem
solving related to the development of excrete methods of LES
components from wastewater is impossible without
fundamental researches of their colloid-chemical behavior in
aquatic systems.

The aim of this work is to find out the regularity of
coagulation of LES with inorganic coagulants — aluminium
salts in the wide range of pH and concentrations.

Il. MATERIALS AND METHODS

The birch wood sawdust was used for the wood
hydrothermal treatment. A hydrolysis was fulfilled in an
alkaline water environment at the water duty of 1/50, the
temperature 90°C and the duration was about 4 hours [3].
Model solution was brown colored (746 mg/IPt), alkaline with
pH 8.9-9.2. The model solution contains higher concentration
of COD (1285 mgO/l) and dissolved solids (1400 mg/l).

Aluminium sulfate (Al,(SO,)s), aluminium chloride (AICl3)
and polyaluminium chloride (PACI) were used as coagulants
and the working solutions were prepared by dissolving the
coagulant in distilled water depending on the dose required.
The process of coagulation was performed by mixing equal
volumes of the coagulant and model solutions. The optimal
terms of the LES removal in the presence of aluminium salts
were studied, varying the concentration of coagulants from 15
to 850 mg/l. The pH value of the mixed systems was adjusted
to a pH 10.0-3.0 by using 1.0 M NaOH and HCI.

The efficiency of LES coagulation was defined after 2
hours of the system settling and filtration. The colloidal
stability and coagulation of LES in the presence of aluminium
salts was studied by spectrophotometry method. The residual
concentration of LES in the filtrate was defined by measuring
filtrate optical density (A) at the wavelength 490 using the
preliminary received correlation curves. The filtrate color was
defined by the method of photometry at the wavelength of 436
nm; the results were reported in platinum-cobalt (PtCo) units
(1SO7887:1994). COD was determined by the oxidization of



Scientific Journal of Riga Technical University
Material Science and Applied Chemistry

2011
Volume 23

the received filtrate by adding potassium dichromate under the
given reaction conditions (LVS I1SO 6060:1989).

I11. RESULTS AND DISSCUSIONS

Initial model solution is sedimentation-steady in pH area
from 3 to 10. During the coagulant uptake the system loses the
aggregate stability. Table | presents the results reflecting the
values of critical concentration of coagulation (minimum
concentration of coagulant, at which rapid coagulation takes
place) of Al,(SO,)s, AICI; and PACI depending on the value of
pH, at which the process of LES coagulation was accomplished.

TABLEI

CRITICAL COAGULATION CONCENTRATION (C.C.C.) OF ALUMINIUM SALTS ADDED
TO THE MODEL SOLUTION DEPENDING ON THE PH OF THE MIXED SYSTEMS

pH of mixed (C.C.C.) of aluminium salts in model solution
system Al(SO4)s, mg/l AlICl;, mg/l PACI mg/l
10.0 680 650 150
9.0 350 300 150
8.0 136 85 150
7.0 125 50 125
6.0 125 50 100
5.0 50 39 75
4.0 60 39 50
3.0 68 39 50

It is seen from the presented results that at a lower value of
pH, critical concentration of coagulation is lower than in
alkaline environments. According [4], the change of the pH
system causes the change of density size of negative surfaced
charge of LES particles, thus the system loses stability as far as
approaching to the point of a zero charge of these components,
which testifies to the neutralization mechanism of coagulation.
At a high pH level LES is well soluble, thus their removing with
aluminium salts in the process of coagulation is difficult, that is
related to the increase of numbers of the ionized groups in the
particles of these matters and strengthening of their hydrophilic
properties.

Efficiency of LES removal was estimated by the method of
spectrophotometry. The received dependences of absorbance
(A) of the prepared systems from pH, varying the dose of
aluminium salts after 0 and 120 minutes after preparation, are
shown in Fig.1and 2.

From Fig.1 it follows that the presence of Aly(SOy)s (a),
AICl; (b) and PACI (c) in model solution with a dose higher
than 50 mg/l in the range of pH values of the mixed system 8.0
— 3.0 that lead to growth of A in comparison with the control
solution (without a coagulant) that testifies the origin of
turbidity - loss of aggregate stability, i.e. passing of coagulation
process. At the decline of pH the formation of LES flocs take
place. All these processes are connected with the change of
surfaced charge of LES and hydration shells of dispersible
particles. During the decline of pH, the values of A grow, and
reach maximal values at all range of coagulant doses at pH 6.0 -
5.0 in presence of Al,(SO,4)s, pH 6.0 for AICl; and PACI.

Lower values of A in alkaline environments are explained by
increase of density of LES negative charge due to the change of

dissociation degree of surfaced oxygen-containing functional
groups of LES, that causes the height of forces of the
electrostatic repulsion in turn.
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Fig.1. Dependence of absorbance on the value of the pH system and dose of
Al,(SO4); (a), AICI; (b) and PACI (c) in the mixed system. Interval of time
after preparation - 0 minutes

In 120 minutes there is a considerable decrease in A value,
that testifies to sedimentation instability of the appearing
dispersible system and is connected with settling of formed LES
flakes (Fig. 2). Minimum values of A in presence of Aly(SOy)s,
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AICI; and PACI (c) are reached at pH 5.0, 6.0 and 7.0. The
largest particles of the dispersible system appear in these areas
of pH.
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Fig.2. Dependence of absorbance on the value of the pH system and dose of
Al(SO4);(a), AICI; (b) and PACI (c) in the mixed system. Interval of time
after preparation - 120 minutes

In turn the increase of aluminium salts concentration leads to
displacement of pH of educing beginning of coagulate particles
of LES in the area of higher values of pH. For the process of
coagulation at pH 10.0-8.0 the dose of Al,(SO,)s, AICl; and
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PACI in solution must be higher than 115, 65 and 100 mg/l,
respectively. In turn it should be noted that lowering of pH to
5.0 for AICI; with the dose higher than 130 mg/l causes the
sharp worsening in the settling process of LES that leads to
appearance of extremums on a Fig. 2b. It is connected with the
insignificant sizes, density of appearing coagulants of LES and
speed of their settling. According [2], it can be related to the
recharge of LES coagulants in the interval of pH 4.0 - 5.5. Also
it should be noted that appearance of extremums (Fig. 2c) in the
range of pH < 6.0 and doses of PACI > 175 mg/l is related to
stoppage of LES settling. It is explained [5] that at the high
doses of PACI in this area of pH there is a recharge of LES
because of high content of hydrolysis products of PACI with a
charge 4%, and the system saves sedimentation stability. It
should be noted that in presence of Aly(SO4); such extreme
dependences are not observed ( Fig. 2a).

According [5,6,7], coagulation of LES with aluminium salts
is possible to interpret as follows: the process of hydrolysis of
aluminium salts, leading as far as the growth of pH to formation
of the hydrolyzed forms of aluminium AIOH®, AI(OH),",
begins at pH > 3.0 . It should be noted that at the hydrolysis of
PACI in faintly acid environments there is a formation of
dimeric structures of products of hydrolysis of A1,(OH),(H,0)s
with a charge 4" and more difficult positively charged
polynuclear hydroxcomplexes, possessing high adsorption and
coagulative ability in relation to negatively charged LES. At the
values of pH > 4.0, depending on the concentration of
coagulant, formation of phase of AI(OH)s, the amount of which
increases, begins and the density of its charge decreases as far
as approaching to the isoelectric point of AI(OH); (pH 7.0-8.0).
The further increase of pH leads to changing of charge sign of
particles AI(OH); on negative and formation of forms of
AI(OH)*, not adsorbed on particles of LES.

A change in pH and concentration of aluminium salts can
cause replacement of main mechanisms of coagulation. At low
concentration of coagulant and acid values of pH, coagulation
flows on the mechanism of neutralization, as a result of forming
highly - charged hydrocomplexes of aluminium, at the same
time during the high concentration of coagulants, LES is
removed from the system in a greater degree on the mechanism
of heterocoagulation of the negatively charged particles of LES
with the low charged and uncharged particles of AI(OH); [4].

As it is seen from the above mentioned data the intervals of
pH of optimal selection of LES depend on the applied doses of
coagulants, which is sequence of distinction of proceeding
processes of particles aggregating. It is set that optimal areas of
pH forming of the coagulative systems which possess high
filtration features are pH 5.0 for Aly(SOy)s, and 6.0 for AICI;
and PACI. For the optimal values of pH, the optimal doses of
Aly(SO,);, AICI; and PACI were found for the LES educing
from model solution of hydrothermal treatment of birch wood
(Fig. 3).

The efficiency of LES removal increases with the increase of
coagulant dose (Fig. 3). Adding in the system Al,(SO,4); with a
dose 75 mg/l, the efficiency is 35.71%, but increasing a dose to
115 mg/l, the value of dissolved LES removal is 81.43%. In
presence of AICI;with a dose 50 mg/l, the efficiency amounts to
61.43%, but increasing a dose to 65 mg/l, the value of LES
removal is 82.86%.
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In turn in presence of PACI with a dose 75 mg/l, the
efficiency is 22.86%, and the increase of reagent dose to 100
mg/l is observed with sharp increase of LES educing efficiency
to 79.86%.
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Dependence of LES removal from model solution from the dose of
Alx(SO4)3pH 5.0 (), AICI; pH 6.0 (b) and PACI pH 6.0 (c)

Fig. 3.

Increase of aluminium salts doses in two and further does not
result in the substantial increase of efficiency of LE educing and

it is necessary to bear in mind that the increase of dose,
comparatively with optimal, results not only in the overrun of
coagulant and increase of remaining concentration of
aluminium in the cleared wastewater but also can cause duration
reduction of useful work of sedimentation tanks.

From the results showed in the Fig. 3. it follows that the
optimal dose of Al,(SOg4); pH 5.0, AICI; and PACI at pH 6.0 is
115, 65 and 100 mg/l, respectively.

In the Fig. 4. dependences of efficiency of model solution
purification from LES are showed using Al»(SO,4); with a dose
115 mg/l pH 5.0, AICI; with a dose 65 mg/l pH 6.0 and PACI
with a dose 100 mg/l and pH 6.0.

%  ®115mg/l Aluminum sulfate, pH 5.0
100 - 365 mg/l Aluminum chloride, pH 6.0
90 | 0100 mg/l Polyaluminium chloride pH 6.0

80 4 —
70 A
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0 -
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Fig.4. Efficiency of model solution purification from dissolved LES depending
on the dose of Aly(SO,)s, AICI; , PACI at the optimal values of pH and
doses in the system

It is set that at the use of Al,(SO,); with an optimal dose of
115 mg/l and pH 5.0 the decline of COD is 40,91%, LES
educing is 81.43% and decrease of solution color was about
86.83%. An optimal dose and pH for AlCl; is 65 mg/l and 6.0,
in this case the decline of COD on 45,45% is reached, LES
educing is 82,86% and decrease of solution color is about
80.84%. In presence of PACI with an optimal dose of 100 mg/I
and pH 6.0, the decline of COD is 43.33%, LES educing is
79.86%, and decrease of solution color is about 72.26%. The
LES educing in presence of AICI; practically takes place with
identical efficiency, but at much less doses as compared to the
use of Al,(SO,4)zand PACI.

V. CONCLUSIONS
Influence of coagulant dose and pH on the efficiency of
coagulation of LES from model solutions is shown in this work.

It is experimentally shown and proved:

» The critical dose of coagulation decreases at the decline of
pH values;

» The increase of doses of coagulants displaces pH beginning
of coagulative educing of LES in the area of higher values
of pH, however maximal removal of LES from the solutions
is reached in the range of pH 5.0 - 6.0;

» The optimal doses of coagulants are set: Aly(SOg4); — 115
mg/l, AICI;— 65 mg/l and PACI — 100 mg/I.

> It follows from the results that an aluminium chloride at the
least dose reaches larger values in LES removal and decline
of COD and colour.
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Jilija Brovkina, Galija Su!ga, Jurijs Ozolins. No koksnes izdalito piesarnojoso vielu koloidala stabilitate aluminija sals klatbatné
Latvija ir viena no lielakajam finiera razotajam Austrumeiropa. Viens no etapiem izejvielu sagatavosana - bérza koksnes hidrotermiska apstrade.
Hidrobaseinu notekiideniem ir augsta piesarnojuma pakape. Galvenie finiera razoSanas notekiidenu piesarnojosie komponenti ir lignins, hemiceluloze un
koksnes ekstraktvielas (LES), kuras ir atbildigas par diezgan augstu kimiska skabekla patéréSanas Iimeni (KSP) un @idenu krasu. Nepietiekami efektiva
notekiidenu attri¥ana no lielmolekulariem komponentiem biologiskas attiriSanas procesa prasa atdaliSanas koagulacijas metodes LES izstradi un
pielietojumu. Darba galvenais mérkis — noteikt LES izdaliSanas likumsakaribas no modelsisttmam atkariba no vides pH un aluminija sulfata, aluminija
hlorida un polialuminija hlorida devas, un noteikt LES nogulsné$anas optimalus nosacijumus.

Modelu $kidumi, kurus mes sapémam, imitgja finiera razoSanas hidrobaseina notekiidenus. Koagulacijas process tika veikts koagulanta un
modelu $kiduma vienadu apjomu sajauksanas cela. LES izdaliSanas efektivitati noteica pec nostadinasanas (120 minites) un sist€mas filtracijas.
LES koloidala stabilitate aluminija sals klatbaitné novertéta ar spektrofotometrisko metodi. Filtrata krasa novertéta fotometriski (1ISO7887:1994).
KSP noteikts ar oksidéSanas metodi, pievienojot kalija dihromatu (LVS ISO 6060:1989). Noteikts, ka, izmantojot Al,(SO,); ar optimalu devu
115 mg/l un vides pH 5.0, KSP pazeminasanas sastadija 40,91%, LES izdaliSana 81.43%, bet §kiduma krasas samazinaSanas aptuveni 86.83%.
Optimala pH un AICI; deva ir 65 mg/l un 6.0 attiecigi, pie tam tick sasniegts KSP pazeminajums 45,45%, LES izdaliSana 82,86%, bet Skiduma
krasas samazinasana aptuveni 80.84%. PACI klatbiitné ar optimalu devu 100 mg/l un vides pH 6.0, izraisa KSP pazeminaSanu Iidz 43.33%,
LES izdalisanu 79.86 %, bet $kiduma krasas samazinasanu aptuveni 72.26%. LES izdaliSanas AICl; klatbiitné notiek praktiski ar vienadu
efektivitati, bet pie daudz mazakam devam, salidzinot ar Aly(SO,); un PACI izmanto$anu. Koagulacijas metodes efektivitate tiek reguléta ar
koagulanta devu un vides pH. So parametru pareiza izvéle var biitiski intensificét finieru razo3anas notekiidenu attiri§anas procesu, kas ir balstits
uz koagulacijas metodi.

KOuusa Bposkuna, I'anusa lynsra, IOpuc O3ommabm. KosutonganbHasi ¢cTa0MiIbHOCTD BblIeJsieMbIX H3 APEeBeCHHbI 3arpsi3HUTeIeil B
NMPHUCYTCTBHH COJIeii ATIOMUHHS

JlatBust siBASeTCS ONHMM W3 KpYNHEWIINX npousBoautened ¢anepsl B Bocrounoit EBpome. OmuH W3 3TamoB B MOATOTOBKE CBHIPBSI —
ruapoTepMideckas obpabotka Gepé3oBoil npeBecuHbl. CTOYHBIE BOABI MMAPOOACCEHHOB XapaKTepPH3YIOTCS BBICOKOH CTEIEHBIO 3arps3HEHHSL.
OCHOBHBIMH 3arpsI3HSIONMMH KOMIIOHEHTAMH CTOYHBIX BOJ (paHEPHOTO MPOM3BOJCTBA SIBISIOTCS JIMTHHUH, TEMHIIEIUTIONO3a M SKCTPAKTHBHEIE
BeniectBa apeBecuHbl (LES), koTopble OTBETCTBEHHBI 3a JOBOJIBHO BBICOKMI YpOBEHb XHMHYecKoro mnotpedmenust kuciopoxpa (XIIK) u
1BeTHOCTh BoA. Henocratounast 3(heKTHBHOCTh OYMCTKM CTOYHBIX BOJ OT BBICOKOMOJIEKYJISIPHBIX KOMIIOHEHTOB IIPY OHOJIOTMYECKOH OYHCTKE
TpeOyeT HpUMEHEHHs M pa3pabOTKH KOaryJsIMOHHOrO Merona BeimeneHus LES. I'maBHas mens naHHON paboOTBI — yCTaHOBHTH OOIIHMe
3aKOHOMEPHOCTH arperaTuBHOW yctoiumBoct LES B BoaHbIX pacTBOpax B 3aBHcuMocTH oT pH u 103l cyibdara amliOMHHES, XJIOpHIA
TIOMUHUS U TIOJUATIOMUAHHMS XJIOPU/IA, @ TaK JKe OINPeNeUTh ONTHMAJbHBIC YCIOBHs MPOBEIeHHs mporiecca Beienenus LES n3 monenbHbx
cucreM. [Iporecc Koarymsiuy IPOW3BOMIUICS IyTE€M CMEMICHMS PaBHBIX OOBEMOB KOArylIsiHTa M MOJENBHOrO pacTBopa. D((EKTHBHOCTDH
ocaxxnennst LES mpu Hanmmuum coneii amoMuHUS OLEHHMBAIH CIIEKTPO(GOTOMETPHUYECKH, MOCIE JBYXYaCOBOTO OTCTAMBAHHS U (DUIBTPOBAHMS
cucTeMbl. MeTosIoM CrieKTpo()OTOMETPUH ONpPEAEIsUIach OCTAaTOYHAs KOHIEHTpAIWs pacTBOPEHHBIX BelecTB B (uibrpare. XIIK onpenemnsics
MyTEeM OKHUCJICHHWs MOJYYeHHOTO (uibTpara mpu BHeceHnu Omxpomara kammst (LVS ISO 6060:1989). IleerHOCTh (BmilbTpaTa OMpEAesuIach
MeToloM (POTOMETpHH, IIOIyYCHHBIE JaHHbIE COOTHOCHINCH C INIATHHO-KoOampToBOi mkamoif (ISO 7887:1994). VYcranoBmeHno, 9To IpH
ucnonb3oBanuu Aly(SO,); ¢ onmumansHo mo30i 115 mr/in u pH cpens 5.0, camwkenne XIIK cocrasumo 40,91%, soinenenne LES 81.43%, a
YMEHBIIIEHHE IBETHOCTH pacTBopa okono 86.83%. Ontumainshas no3a u pH mis AlCI; - 65 mr/n u 6.0, COOTBETCTBEHHO, IIPH 3TOM JIOCTUTaeTCs
camkenne XIIK Ha 45,45%, Beinenenne LES 82,86%, a ymenbienne usetHoctr pactBopa okoio 80.84%. B npucyrcreun PACI ¢ onTumansHoi
no3oit 100 mr/n u pH cpensr 6.0, camkenne XITK cocraBumno 43.33%, Beinenenue LES 79.86%, a ymeHbleHHe [IBETHOCTH pacTBOpa OKOJIO
72.26%. Boinenenne LES B pucytctsun AlCI; mponcxomut npaktidecku ¢ 0MMHAKOBOH 3P (HEKTUBHOCTBIO, HO MIPH TOPA30 MEHBIINX 038X, [0
cpaBHenuto ¢ ucnonb3oBaHueM Aly(SO,); n PACI DddekTnBHOCTD KOArymsmHOHHOIO METO/a peryamupyercs 10301 KoarynsHra, i pH cpensl.
[1paBuiIbHBIA BBIOOP 9THX MapaMETPOB MOXKET CYIIECTBEHHO MHTEHCU(UIIMPOBATH MPOLECC OYMCTKU CTOYHBIX BOJ I'MApoOacceiiHOB (aHepHOro
MIPOU3BO/ICTA, OCHOBAHHOTO HA METO/Ie KOAryJIsIIUH.
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